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CYTOPHAGA PSYCHROPHILA, THE CAUSATIVE AGENT OF BACTERIAL

COLD-WATER DISEASE IN SALMONID FISH

INTRODUCTION

Bacterial cold-water disease (BCWD) is a serious septicemic infection

of hatchery-reared salmonids especially young coho salmon (Oncorhynchus
kisutch) in the Pacific Northwest. Borg (1948) first isolated the causative

bacterium, Cytophagapsychrophila, from fish with characteristic open lesions
in their peduncle region. The term, low temperature disease or bacterial coldwater disease, was applied because epizootics were most prevalent when
water temperatures were below 1 OC. The gliding bacterium is a gramnegative rod not recognized as a species in the eighth edition of Bergey's
Manual

Determinative Bacteriology. Since the initial observations by Borg,

this bacterium has been associated with several distinctly different disease
signs, has caused fish losses at temperatures above 100C and occurred in
other species of salmonids from temperate regions of the North American

continent. This bacterium is the most frequently isolated fish pathogen from

salmonids in Oregon fish hatcheries. Prevention and control of BCWD is only
partially achieved with antibiotics.
Cytophaga, psych rophila, is apparently widespread among hatchery fish

populations, may cause several different diseases, is present in sexually
mature adult salmon and may be vertically transmitted. A study was needed
to determine if one or more cytophagal species were involved and to establish

the relationship of water temperature to this disease process. Generally,
BCWD abates when water temperatures reach 130C, but in recent years
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epizootics have occurred at 1 50C or higher. It was not known if water

temperature adjustment could be used to control this disease. As indicated
satisfactory control of this disease can not be achieved with antibiotics, thus

immunization by vaccination was included as part of this investigation.
The objectives of this study were to: (1) characterize and compare
isolates of bacteria believed to be

psychrophila obtained from several

widely separated geographic locations, pathological and epidemio logical
situations; (2) examine certain characteristics to further the description of

psychrophil, and aid in eventual taxonomic positioning; (3) investigate the
interesting relationship of water temperature on BCWD in three species of
salmonid fish; and (4) test vaccination methods as a means of BCWD
prevention.
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LITERATURE REVIEW

Historical BacicQround

The pathology of bacterial cold-water disease (BCWD) in salmonid fish
was first described by Davis (1946) at the U.S. Fish and Wildlife Hatchery at
Leetown, West Virginia. In the spring of 1941 and again in 1945, he observed

a fatal disease of juvenile rainbow trout (Salmo Qairdneri) in which a

characteristic open lesion occurred on or near the peduncle. For this reason
Davis referred to the malady as peduncle disease. Although many nonmotile,
slender, rod-shaped bacterial cells typical of those now associated with
BCWD were observed in scrapings from the lesion, the bacterium was not
isolated on culture media.

This disease was next reported by Borg (1948). He isolated a
bacterium from the kidney and external lesions of diseased juvenile coho
salmon (Oncorhynchus kisutch) at several fish hatcheries in the State of

Washington. Signs where similar to those described by Davis (1946), i.e.
many of the fish developed a lesion in the area just anterior to the tail which
progressed with sloughing of the tissue until the caudal fin was almost
detached. Other fish showed lesions on the isthmus, or over the back just

anterior to the dorsal fin. Serious losses, in excess of 30%, were observed at
certain locations (Borg, 1960). Because the disease occurred when hatchery
water temperatures were below 10°C, Borg referred to this condition as "low

temperature disease". This name is still used by fish health personnel in the
State of Washington, however, the term cold-water disease has received
wider use.
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In the laboratory, Borg (1960) successfully infected healthy coho

salmon with isolates he obtained from BCWD epizootics. Fish were exposed
either by injecting cells suspended in broth culture intramuscularly or by
abrading the skin of test fish and exposing them to a diluted suspension of

broth culture mixed in water in which the fish were held. He isolated the
BCWD bacterium from these experimentally infected fish.

The etiological agent described by Borg (1960) was a gram-negative
rod displaying gliding motility and did not form microcysts or fruiting bodies.
Based on the limited characteristics determined, the bacterium was classified
in the genus

ytophaga and designated Cytophaga psychrophila, because it

failed to grow on culture media when incubated above 250G.

Characteristic:

Cytophaqa psychrophila

Characteristics of various isolates of Q..psychrophila were investigated
by Borg (1960), Pacha (1968), Lewin and Lounsberg (1969), Bullock (1972)

and Holt (1972). The cells exhibit typical cytophagal characteristics, i.e. are
slender, gram-negative, weakly retractile, flexible rods measuring 0.75 urn in
width and from 1.5 to 7.5 urn long (Pacha, 1968). They display gliding motility
and do not form fruiting bodies or microcysts. The bacterium grows on a dilute
medium, Cytophaga agar (Anacker and Ordal, 1959), forming bright yellow

pigmented colonies usually with a thin spreading margin (Pacha, 1968).
Variations in colony morphology have been noted with some strains forming

entire nonspreading colonies (Pacha, 1968). Cytophaga psychrophila, is
strictly aerobic and grows readily at temperatures between 40C and 2300. A
few isolates form scant growth at 2500 and no isolates tested grow at 3000
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(Holt, 1972; Pacha, 1968). Most of the isolates grow in broth containing 1 %
NaCI but none grow in 2%.

Examination of the nutritional requirements demonstrated little variation
between strains (Pacha, 1968; Holt, 1972; Otis, 1984). The bacterium does
not degrade simple or complex carbohydrates but is actively proteolytic with

the capacity to degrade gelatin, casein and albumin. Otis (1984) also
reported that some strains attack collagen, fibrinogen, chondroitin sulfate and
fish muscle extract. Pacha (1968) suggested this proteolytic activity probably
plays an important role in the pathogenicity of the bacterium. Certain strains
decompose tyrosine, all produce catalase, but none produce hydrogen
sulfide, indole, acetylmethylcarbinol nor do they reduce nitrates (Pacha,
1968).

Three separate serological studies were conducted on strains of Q,.

psychrophila. Pacha (1968) using the slide agglutination method
demonstrated that strains from coho and chinook (Oncorhynchus

tshawytscha) salmon shared a common antigen. Bullock (1972) also used
this method to demonstrate that a strain of

psychrophil, from the western

United States shared common antigen(s) with an eastern strain. Holt (1972)
using the macroscopic tube agglutination test and absorbed serum
preparations showed that six strains of

psychrophila studied shared

common antigen(s). Five of the strains were from fish in Oregon including
three from fish with classic BCWD signs, one from a deformed juvenile coho

salmon and one from a mature adult salmon. No distinct serological
difference was evident among any of the five strains. The sixth strain was a

peduncle disease isolate from a brook trout (Salvelinus fontinalis)in New
Hampshire. The Oregon strains shared at least one common antigen with the
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peduncle disease strain but the Oregon strains all had one or more unique
antigens not shared by the New Hampshire strain. Similarly, the New
Hampshire strain contained antigens not found in the Oregon isolates. Halt
(1972) also demonstrated that 24 strains of

psychrophila, all reacted by the

slide agglutination procedure indicating all shared at least one common
antigen. Pacha and Porter (1968) studied 32 cytophagal strains obtained
from the skin of freshwater fish and found none which cross reacted with Q.

psychrophila rabbit antiserum. They concluded serological procedures might
provide a rapid and useful means for identifying cytophagal fish pathogens.

Host Susceptibility and Signs

Disease

Cold-water disease probably affects all species of salmonids (Amos,

1985) but coho salmon are particularly susceptible. Epizootics of
psychrophila among coho salmon occur every year at many hatcheries in

Oregon and Washington. The disease usually appears in early spring when
water temperatures are between 4-1 OOC and the severity and specific signs of

the disease seem to depend on the stage of development of the fry (Wood,

1974). When alevins develop the disease, catastrophic losses up to 50% may
occur and in this case external signs are limited to erosion of the skin covering
the yolk. Coagulated-yolk disease often precedes severe BCWD outbreaks.

If

the epizootic is delayed until the alevins are placed in rearing units and begin
feeding then the classic lesion on the peduncle is often observed and losses
are usually 20% or less. If BCWD does not occur until several weeks after fish

begin to feed, skin and muscle lesions may appear on other areas of the body,
i.e. anterior to the dorsal fin or near the vent (Borg, 1960; Wood, 1974). In

some instances, in Oregon, alevins which had recently been placed in rearing

ponds developed lesions on the lower jaw and

,

psychrophila could be

isolated from both the lesions or from internal organs. Darkening of the skin
pigmentation of the peduncle or occurrence of morbid fish with no external
lesions is another sign observed after the disease has been present in a

population for some time. Wood (1974) speculated that these signs were
associated with a more virulent strain of

.psychrophila.

A relationship between the severity of BCWD epizootics and the

occurrence of deformed juvenile coho salmon usually appearing at hatcheries
about June or July when the fish are three to four months old was reported by

Conrad and DeCew (1967). They isolated a bacterium thought to be
psychrophila from internal organs and subsequently confirmed by Holt (1972).
Wood (1974) reported this ailment may take several forms including:
"punkinseeds", i.e. fish are compressed lengthwise, lordosis or scoliosis and
surmised that bacterial destruction of muscle bundles adjacent to the vertebral

column apparently resulted in tension on the spinal column. He referred to it
as crinkle back disease.

At certain hatcheries, yearling coho salmon develop chronic BCWD
during the winter months. These fish may exhibit typical lesions of muscle on

the peduncle, on the jaw, snout or have no external lesions. They may also

be anemic and exhibit hemorrhaged gills. Cytophag, psychrophila can
readily be isolated from internal tissue. In 1981, a red blood cell-associated

virus was observed in yearling chinook salmon (Leek, 1987). Since then,
yearling coho salmon with chronic BCWD or external fungi have been found
to be infected with this virus at several hatcheries in the Northwest. This virus

may cause anemia and predispose yearling salmonids to secondary infection

with

psychrophila. The exact role of this virus and

psychrophil in

BCWD of yearling fish has not been determined.
Rucker et al. (1953) reported outbreaks of BCWD in sockeye

(Oncorhynchus nerka) and chinook salmon. They reported chinook salmon
were relatively resistant, however, during the course of a BCWD epizootic in

coho salmon a moderate rise in deaths occurred in adjacent raceways

containing chinook salmon. Cytophaga psychrophila was isolated from the
gills but not from internal organs of chinook salmon. Wood (1974) reported
the isolation of a bacterium thought to be

psychrophila from the external

body surfaces of chinook fry with frayed and opaque dorsal and pectoral fins.

This condition usually followed the appearance of coagulated-yolk disease.
Serious losses have occurred among near-yearling-age chinook salmon and
Q.. psychrophila, was routinely isolated from the internal organs of these fish

(Wood, 1974; Holt, 1972). As with yearling coho salmon, certain of the

yearling chinook salmon were also infected with an unidentified blood cell
virus.

Cold-water disease has been reported in rainbow (Davis, 1946) and
brook trout (Bullock and Snieszko, 1970) primarily in the northeastern United

States and losses seldom reached epizootic proportions. Recently, however,
Schachte (1983) reported this disease had become a serious problem in

cultured fingerling lake trout (Salvelinus namaycush) in New York.

Geographical Distribution
The geographical distribution of BCWD is presently limited to the North

American continent (Anderson and Conroy, 1969). Reichenbach et al., (1981)
feels this may change and has stated that, "for a long time fish-pathogenic
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gliding bacteria were known only in the U.S, but beginning in 1965 an
increasing number of cases were reported from Japan and Europe."

H istopath o logy

Wood and Yasutake (1956) were the first to describe the histopathology
of BCWD in naturally infected fish. The disease in coho salmon was found to
be an acute bacterial septicemic infection with the mouth and renal elements
of the kidney most affected. The causative agent was found in areas of

increased vascularity including gill secondary lamellar capillaries, kidney,
heart and spleen. Bacterial cells were also present in the peritoneum, swim
bladder, liver, intestinal muscularis and the pancreas. The cause of death in
certain fish was attributed to heart lesions. Wood and Yasutake (1956)
reported a characteristic lack of inflammatory response while Borg (1960)

reported mild mononuclear infiltration, consisting of macrophages. Wolke
(1975) reported the histopathology as follows: ulceration of the epidermis and
underlying dermis; early lesions having granulocytic infiltration of the dermis
and outer muscle masses; as the lesion matures more lymphocytes and then

macrophages become apparent; muscle fibers undergo necrosis, leaving
empty spaces surrounded by perimysium. Otis (1984) compared the gross
and microscopic pathology in steelhead trout injected intramuscularly,
subcutaneously or intraperitoneally with either live

psychrophila cells or a

crude extracellular product preparation from a broth culture of this bacterium.

The lesions which developed in both groups were similar and characteristic of
cold-water disease, suggesting that extracellular products of

psychrophila

play a significant role in the disease process. Otis (1984) observed internal
gross lesions involving widespread systemic hemorrhage of the heart, liver,
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visceral fat, posterior intestine, air bladder, and body wall. These lesion have
not been previously reported in natural infections. He also found strains of

psychrophil, produced proteolytic enzymes which degraded collagen,
fibrinogen, chondroitin sulfate and fish muscle extract. This could account for
skin and muscle lesions in natural infections by this bacterium.

Effect

Temperature .n Progress

th.. Disease,

Borg (1960) first reported BCWD epizootics occurred when water
temperatures were between 4.4 and 1 OOC and the disease usually abated

before the mean water temperature reached 12CC. However, Rucker et al.
(1953) reported that occasionally outbreaks of BCWD persisted up to 15°C.

Ordal and Pacha (1963) postulated losses from BCWD at these higher
temperatures may be due to mutants of

psychrophil.

When Borg (1960) examined the effect of temperature on growth of
psychrophil in broth culture medium, the bacterium grew at 3-200C but failed

to grow at 250C. Most rapid growth occurred between 15-20°C.
Borg (1960) also demonstrated that healthy coho salmon held at 10 or
18°C could be experimentally infected with

psychrophila, by intramuscular

injection of cells in broth culture or by abrading the skin of fish and exposing
them to a diluted broth culture in their rearing tank.
There are two reports in the literature describing efforts to control
BCWD epizootics by increasing the water temperature in which the fish are

held. Rucker et al (1953) obtained 2000 juvenile coho salmon from a
hatchery where the fish were suffering a BCWD epizootic. Most of the fish

were maintained at 460C while a group of 180 fish was transferred to a
separate trough and the water temperature raised to 1300. The disease
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persisted in the fish held at 4-6CC and eventually all perished. The mortality
declined sharply after a few days among these fish held at 130C and no

psychrophil, could be isolated after one week. In contrast to the encouraging
results of the first study, an experiment conducted at Simpson Hatchery in

Washington demonstrated that the disease increased in severity in alevins
(yolk-sac fry) as the temperature was elevated from 10 to 13 to 1 60C (Wood,

1974). The optimum temperature for development of BCWD may differ
between alevin and juvenile coho (Wood, 1974) or certain strains of
psychrophila. may have been present which were capable of producing
disease at higher water temperatures (Pacha and Ordal, 1970).

Mode

Transmission

The natural reservoirs of

psychrophil are uncertain. The bacterium

does not produce microcysts and apparently maintains itself in a vegetative
state throughout the year (Pacha and Ordal, 1970). Resident salmonids

probably act as carriers (Wood, 1974; Bullock and Snieszko, 1970). Borg
(1960) was not able to demonstrate horizontal transmission (fish to fish)

unless the mucus and epidermis of the experimental fish was broken.
Cytophagal bacteria apparently are part of the aerobic flora of salmonid
skin (Pacha and Porter, 1968; Horsley, 1973) and gills (Trust, 1975) but

psychrophila, was not specifically identified. Pacha and Porter (1968) in their
study found

psychrophila to be serologicalty distinct from other cytophagal

isolates from the skin of fish.

Cytophag psychrophila may be transmitted from sexually mature adult
salmonids to eggs and then to susceptible alevins. Borg (1960) reported that
psychrophila, was probably transported on eggs in Washington from Green
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River Hatchery to Chelan Falls Hatchery which has a fish pathogen-free

spring water supply. Typical BCWD occurred in Green River coho salmon
alevins at Chelan Falls while other stocks at the hatchery were not affected.
The first isolation of

psychrophila, from mature adult coho salmon was

reported by Holt (1972). Approximately 50% of the mature adult coho salmon
at Siletz and Fall Creek hatcheries in Oregon were found to have
psych rophila, in their internal organs and blood. This demonstration of the

pathogen in adult fish lends more evidence to the possible association of
psychrophila, on salmon eggs. Attempts to isolate this pathogen from the egg
surface itself were not successful (Holt, 1972), but the presence of large

numbers of bacteria representing several genera made it difficult to isolate a

relatively slow growing pathogen of fish. Studies have demonstrated that
cytophagals are the predominant bacterial group on the surface of salmonid
eggs (Bell et al., 1971; Trust, 1972; Yoshimizu et al., 1980). Further
circumstantial evidence of egg transmission of

psychrophila was reported

by Schachte, (1983) and related to contaminated eggs of lake trout. Definitive
studies are still needed regarding the transmission of .Q.psychrophila,.

Prevention

Control

The most serious outbreaks of BCWD are difficult to treat because they

often begin when fish are alevins and incapable of taking medicated food.

In

the case of coho salmon where the pathogen is septicemic, external bath
treatments with surface disinfectants or oxytetracycline are reported to be

ineffective (Amend, 1970). A nitrofuran chemical, nifurpirinol, developed in
Japan, showed promise for control of BCWD when administered as a bath
treatment because it was rapidly absorbed into the tissue of fish (Ross, 1972;
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Wood, 1974; Holt et al., 1975). However, this nitrofuran is not registered for
use on food fish (Schnick and Meyer, 1978). Amend et at., (1965) tested three
sulfonamides incorporated in the fish diet for the control of BCWD in coho

salmon. Sulfisoxazole and sufaethoxypyridazine were more effective than
sulfamethazine when fish were given a continuous four gram per 45.4 kg fish
per day dosage; however, none of these chemicals completely controlled the

disease. Both sulfisoxazole and sulfadimethoxine were four times more active
than sulfamethazine in a broth dilution jj, vitro sensitivity test to
psychrophila, (Amend et at., 1969). Kinchloe (1 962) tested the jfl vitro effect of

41 drugs against various cytophagal bacteria isolated from diseased fish and

found several which produced wide zones of inhibition; however, no in vivo
trials were conducted. Oxytetracycline when incorporated in the diet at 50-75
mg/kg fish/day for 10 days is often more effective than sulfonamides in

controlling BCWD (Wood, 1974; Snieszko, 1964).
Early infections among trout may be mostly external, therefore, bath

treatments of water soluble oxytetracycline at 10-50 mg/L or quarternary
ammonium compounds at 2 mg/L may be beneficial (Schachte, 1983; Bullock

and Sniezko, 1970). Sulfonamides or oxytetracycline in the diet are effective
for control of BCWD in trout. Schachte (1983) found the health of lake trout
did not improve with quarternary ammonium compounds or antibiotic therapy
when the disease had progressed to where many fish had eroded peduncles.
In this case, a combination of antibiotic and a potassium permanganate flush
at 2 mg/L combined with removal of seriously infected fish were required to
control mortality.

Snieszko (1964) believed cytophagal diseases to be mainly
environmental and outbreaks could be prevented or their progress stopped by
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restoring optimal environmental conditions. Chief predisposing factors were
too high or low temperature, mechanical injury due to handling or crowding,
low dissolved oxygen and an increase in products of fish metabolism such as
ammonia. The use of water temperature for control of BCWD was discussed

earlier. Wood (1974) reported BCWD was much less severe in coho salmon
alevins kept in shallow rather than deep troughs. The higher water flow
necessary in the deep troughs physiologically weakens or physically abrades
the alevins rendering them more susceptible to bacterial infection. Excessive
flow through Health incubators (Health Techna, Inc., WA) also results in more

serious BCWD epizootics (Wood, 1974). Substrates such as PVC netting
material (Vexar) have been added to incubation trays to reduce alevin

movement and mechanical abrasion (Leon and Bonney, 1979). This has
significantly reduced losses from coagulated yolk disease and BCWD (L.
Curtis, personal communication, Oregon Department of Fish and Wildlife,
Lincoln City, Oregon; H. Fuss, personal communication, Washington
Department of Fisheries, Olympia, Washington).

Because there is some evidence for

.

psychrophil, contamination of

eggs, Schachte (1983) and Holt (1972) have recommended egg disinfection

procedures using organic iodine compounds (Amend, 1974). Ross and Smith
(1972) demonstrated that 25 mg/L active ingredient of organic iodine
effectively killed

psychrophila, in less than five minutes.

Immunization of fish against

9sychrophiIa as a means of prevention

of BCWD has not been reported and the likelihood of an efficacious bacterin

being developed for BCWD epizootics in alevins is unlikely. However,
because this disease also affects juvenile and yearling age fish, i.e. fish at
sizes and ages which have been successfully immunized against other fish
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pathogens (Johnson et aL, 1982a) immunization may be useful. The efficacy
of bacterins and vaccines for prevention of various fish pathogen is well
established (Fryer et al., 1976; Amend et aL, 1983). Various methods of
immunizing production size groups of fish have been tested and found to be
practical (Johnson and Amend, 1983; Fryer et aL, 1972). Flexibacter
columnaris, is a cytophagal disease of fish (Pacha and Ordal, 1970), against
which protection has been demonstrated in fish with bacterins prepared from
cells of the causative agent (Fujihara and Nakatani, 1971; Schachte and
Mora, 1973; Ransom, 1975; Liewes et al, 1982; Song, 1986). Otis (1984)
examined the role of extracellular products of

.psychrophila, in production of

lesions associated with BCWD and suggested a toxoid be produced and
tested to determine if it could confer protective immunity to experimental fish.

Taxonomy
The taxonomy of

psychrophila remains in a state of confusion but

this is not surprising because the same is true for the entire phylogenetically

heterogeneous group of gliding bacteria (Reichenbach and Dworkin, 1981).
Initially,

psychrophila, was considered to be a member of the order

Myxobacterales (Borg, 1960; Pacha, 1968) and was referred to as a
myxobacterial fish pathogen.

Lewin and Lounsbery (1969) studied the classification of flexibacteria
by characterizing 85 strains of aerobic gliding bacteria. In this study, they

included one strain of

psychrophila, supplied by E. J. Ordal, University of

Washington, Seattle, Washington. Mandel and Lewin (1969) determined the
deoxyribonucleic acid base composition of these flexibacteria and reported
the percent guanine plus cytosine (% G+C) for

psychrophila to be 31.6.
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Lewin (1969) in comparing the data from the studies of Lewin and Lounsberg
(1969) and Mandel and Lewin (1969) concluded that

.psychrophila and a

strain of Cytophaga. aurantiaca. isolated from Minnesota garden soil by M.

Dworkin (Lewin and Lounsberg, 1969) should be considered the same
species. Lewin (1969) reported that neither strain digested cellulose but did
degrade carboxymethyl cellulose and proposed the new name Flexibacter
aurantiacus. Pacha (1968) and Holt (1972) did not observe carboxymethyl
cellulose digestion by the
Bergey's Manual

psychrophila strains they studied.
Determinative Bacteriology, Eighth Edition

(Buchanan and Gibbons, 1974) defined the Order Myxobacterales as
containing only the fruiting myxobacteria with DNA G+C ranging from 67-71

%. The Cytophaga and related genera with much lower %G+C were placed
in the Order Cytophagales. Thus, the term myxobacterial fish pathogen is no
longer appropriate.
Cytophaga. psychrophila as well as Flexibacter aurantiacus were not

recognized as a species but were listed as "Species incertae sedis" and
considered as probably members of the genus Flexibacter (Leadbetter, 1974).
They stated final classification will depend on the characterization of

additional isolates. The relationship of E aurantiacus (Lewin, 1969) with Q
psychrophila, remains unclear. Bauwens and Deley (1981) used DNA:rRNA

hybridization studies, which group bacteria at the genera and suprageneric
level, on flavobacteria and various cytophagal strains and concluded that .E

aurantiacus, E roseolus and E ruber are related amongst themselves but
quite different from the Cytophaga-Flavobacterium complex. Christensen
(1977) examined the taxonomy of the Cytophaga, group and recommended
that

.

psychrophila, should remain in the genus Cytophaga until more work
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has been done to determine its polysaccharase potential. She also stated,
"the polysaccharase activity of
organism, like

psychrophil is not fully known and this

columnaris, may be a Flexibacter." The name Flexibacter

psychrophila. has appeared in the literature (Richards and Roberts, 1978;

Schneider and Nicholson, 1980).
Reichenbach, Behrens, and Hirsch (1981) suggested the taxonomy of
the cytophagas and related organisms has to be reconstructed from its very

base. The roots of the confusion include the following: (1) the group has
never been studied on a broad scale; (2) there are many more organisms of
this type than previously thought; and (3) all the taxonomic studies published

up to this time are based essentially on morphological and physiological data;
the modern methods of molecular taxonomy have only recently began to be
applied and seem to be in disagreement with the conventional taxonomy

(Reichenbach and Dworkin, 1981). Reichenbach, Behrens and Hirsch (1981)
used G+C and DNA-DNA hybridization as well as chemosystematic,

physiological, biochemical and morphological observations to examine the
gliding bacteria. From this, they developed the term "Cytophaga-like bacteria"
(CLB) which was defined as heterotrophic gram-negative unicellular rods that
move by gliding and do not form fruiting bodies. The inability to form fruiting
bodies and low DNA G+C (29-50%) distinguished the CLB from myxobacteria.

Gliding motility is the main distinguishing character between CLB and
nonmotile flavobacteria with a low G+C (Reichenbach, Behrens and Hirsch,

1981). They reported that separation of Cytophag, and Flexibacter by ability
to degrade polysaccharides as proposed in Bergey's Manual

Determinative

Bacteriology, Eighth Edition (Buchanan and Gibbons, 1974) was not
satisfactory. The following was proposed to separate Cytophaga from
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Flexibacter. Flexibacter members have a characteristic cell shape and go

through a cyclic change in morphology from long agile thread-like cells (20-30
urn) in young cultures to short nonmotile rods in old ones; all strains contain
the flexirubin pigments and the G+C content of DNA is around 48%.

Cytophag, in contrast, would be divided into two groups: (1) Cytophaga,
(sensu stricto) included the cellulose decomposers; and (2) Cytophaga (sensu
latiore) which includes short slender rods, ends often tapering, some

containing flexirubin pigments, marine organisms usually only contain
carotenoids and the G+C content of DNA is low (28-35%). The Cytophaga,

sensu latiore group is almost certainly heterogeneous including freshwater
and marine organisms, decomposers of chitin and pectin, proteolytic strains,

iib.pathogens, from which new genera will most likely be provided
(Reichenbach and Dworkin, 1981). They emphasized the need to apply
modern methods of molecular taxonomy to the Cytophaga group as a
prerequisite for the above taxonomic rearrangements and until this is done

psychrophila should be included in the CLB group.
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MATERIALS AND METHODS

Collection and Maintenance f Bacterial Strains
Thirty-three strains of bacteria believed to be or related to

osychrophila were obtained from selected sources and locations for this study.
Many were isolated during routine examinations of fish and others were

obtained from necropsies made while investigating epizootics among
salmonid fish at Oregon Department of Fish and Wildlife hatcheries.

Cytophag, agar (CA, Anacker and Ordal, 1959) was used for isolation and
growth of bacterial strains from tissues of fish and for examination of cultures
for purity. This medium is composed of tryptone 0.05%; yeast extract 0.05%,
beef extract 0.02%; sodium acetate 0.02%; agar 1.0-1.1 %; and adjusted to pH

7.1-7.3. Stock cultures were maintained in tubes containing CA with the agar
adjusted to 0.17-0.2%. These tubes were inoculated and incubated for 72 hr.
at 15-18°C then placed at 40C for 1-3 months. To avoid using cultures which
had been transferred and grown too extensively on media, 0.5-1.0 ml of each
bacterial strain suspended in 20% skim milk was added to ampoules and

preserved by lyophilization (Gherna, 1981). The medium used for growth of
bacterial cells in broth culture was adapted from a solid medium used for
isolation of the cytophagal fish pathogen, Flexibacter cotumnaris (Fujihara
and Nakatani, 1971). This broth medium referred to here as TYE consists of
tryptone 0.4%; yeast extract 0.04%; and pH adjusted to 7.1-7.3.

The bacterial strains included in this study are categorized (Table 1)
and an explanation of their significance follows.

Table 1. Cytophagal strains used In this study.
Salmonid

Year

Designation

isolated

SH3-81
BC3-81
NN7-81

1981
1981
1981

84254b

1984
1948
UNKd

144aC

NCMB1947
23107
23108
MCIK-85

Ch8-80
SHSCoII-86
BH1-819

1966?
UNKd
1985
1980
1986
1981

SH7-81

1981

BFB386h

1988
1986
1986
1986
1986
1986

BC13S-86
SRC01 2K-88
THOF1-86
BCOF1B-86
THM9-86
MHChS6-81
CHChS19-85
BHURB-86
SRChF8-81
NH-671

6-1621

NB279k
CCC6-86
KHRb2-85
BFRbG3-84 h
SRL1

NY3-82'
RbS6-82
NS3.87n

1981
1985
1986
1981
1967
1986
1979

1986
1985
1984
1985
1982
1982
1987

Disease, signs or tissue Involved

Sandy Hatchery. Oregon
Big Creek Hatchery, Oregon
Nehalem Hatchery, Oregon
Fraser River Hatchery, British Columbia, Canada
Dungeness Hatchery, Washington
Washington
MInnesota
Washington
Platte River Hatchery, Michigan
Cascade Hatchery, Oregon
Slletz Hatchery, Oregon
Bonneville Hatchery, Oregon
Sandy Hatchery. Oregon
Butte Falls Hatchery, Oregon
Big Creek Hatchery, Oregon
Salmon River Hatchery, Oregon
Trask Hatchery. Oregon
Big Creek Hatchery, Oregon
Trask Hatchery. Oregon
Mckenzie Hatchery, Oregon
Clackamas Hatchery, Oregon
Bonneville Hatchery, Oregon
Salmon River Hatchery, Oregon
Berlin National Fish Hatchery, New Hampshire
Lamar National Fish Hatchery, Pennsylvania
Nootsack Bay. Alaska
Cedar Creek Hatchery, Oregon
Kiamath Hatchery, Oregon
Butte Falls Hatchery, Oregon
Sunpyong Hatchery, South Korea
Bath Hatchery, New York
Round Butte Hatchery, Oregon
Niagara Springs Hatchery, Idaho

juvenile coho salmon
juvenile coho salmon
juvenile coho salmon
juvenile coho salmon
juvenile coho salmon

Classical bacterIal cotdwaler disease (BCWD)
BCWD

juvenile coho salmon
e

BCWO

yearling coho salmon
yearling coho salmon
juvenile coho salmon
juvenile coho slamon
juvenile coho salmon
juvenile coho salmon
adult coho salmon
adult coho salmon
adult coho salmon
adult coho salmon
adult coho salmon
yearling spring chinook
yearling spring chinook
yearling tall chinook
yearling tall chinook
juvenile brook trout
juvenile brook trout
juvenile chum salmon
juvenile cutthroat trout
juvenile rainbow trout
yearling rainbow trout
juvenile rainbow trout
yearling lake trout
juvenile steethead trout
yearling steelhead trout

BCWI)
BCWD, Induding eroded jaw lesion
BCWD
Flexibacter aumotlaars ATCC
BCWD ATCC'
BCWD
BCWI)
spinal deformed fish
spinal deformed fish
nervous tissue (brain) Involvement
nervous tissue (brain) involvement
isolated from the spleen
isolated from kidney
Isolated from ovarian fluid
isolated from ovarian fluid
isolated from mill
Isolated from a while necrotic liver
Isolated from a white necrotic liver
mixed Infection of BCWI) and a blood cell vIrus
anemic dark pigmented exophthalmlc chinook salmon
peduncte disease
peduncle disease
BCWD
BCWD
caudal fIn erosion
eroded gill tissue
peduncle lesion
BCWD
BCWD
BCWD

a Cultures were Isolated from the kidney except the following strains: NCMB1S47 and 23108 unknown, SHSCoII-86 cyst near backbone; 8117-81 and BFB3-86 brain;
BCI3S-88 spleen; THOFI-86, and BCOFI 9-86 ovarian fluid, THM9-86 mItt; MHChS6-81 liver, 6-162 unknown, BFRbG3-84 gill lesIon, SRL peduncle lesion, and NY3-82
unknown.
I Provided by G.L Bullock, Leetown, West Virginia.
b isolated by 0. Kelser, Nanimo, British Columbia.
Provided by T. Black, Lamar, Pennsylvania
C ProvIded by RE. Pacha, Ellensburg, Washington.
d Unk Unknown
k isolated by J. Conrad, Clackamas, Oregon.
e Isolated from garden soil.
Provided by Y.C. Hah, Seoul National University, Korea.
m isolated by J. Schachte, Rome, New York.
ATCC = American Type Culture Collection, Rockville, MD.
"Isolated by 0. Chapman, Eagle, Idaho.
9 Isolated by T. Kreps, Clackamas, Oregon.
Ii Isolated by C. Banner, Corvallis, Oregon.
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Strains from fish with classic bacterial cold-water disease.
Six were isolated from the kidney of juvenile coho salmon with typical
signs of BCWD (SH3-81, BC3-81, NN7-81, 84-254, 144a, NCMB 1947).
Strain 1 44a was one of the original cultures isolated and studied by Borg
(1960). Strain NCMB1 947 was a

psychrophila isolate provided by E. J.

Ordal, University of Washington, Seattle, Washington to the National

Collections of Industrial and Marine Bacteria Ltd. (Aberdeen, Scotland). Two
strains (MCIK-85 and CH8-80) of Q.psychrophila were obtained from yearling
coho and one (NB2-79) from juvenile chum salmon (Oncorhynchus keta).
Strains included in this study from trout are: two from brook trout (NH67 and
6-162) with classic peduncle disease from the eastern United States; two
each from steelhead (RbS6-82 and NS3-87) and rainbow trout (KHRb2-85
and BFRb63-84), and one from lake (NY3-82) and cutthroat (CCC6-86) trout.

Bacterial strains from physically deformed juvenile coho salmon.

Two identifiable separate diseases occasionally follow epizootics of
BCWD in juvenile coho salmon. The first is the occurrence of fish with spinal
deformities and was first described by Conrad and DeCew (1967).
Cytophaga, psychrophila, can readily be isolated from the kidney of these fish.
Two strains (SHSCo1 1-86 and BH1 -81) obtained from fish with these signs

are included in the study.
A distinctly different disease was first observed in Oregon at Nehalem

Hatchery in 1980 and again in 1981 at Sandy Hatchery. In both cases
juvenile coho salmon had suffered severe epizootics (1 0-30% loss) of BCWD

in the spring and had received oxytetracycline medicated food to control the
infection. In July of each year, fish at these locations began to die displaying a

nervous spinning behavior. A characteristic dorsal swelling posterior to the
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skull was observed and some of the fish had dark pigmentation on one side of

their body. At Sandy Hatchery in 1981, samples of kidney, spleen and brain
tissue were inoculated onto CA medium from 30 diseased fish showing typical

signs. Colonies of

,

psychrophil, were isolated from brain samples of 29

fish, kidneys of 14 fish and spleens of seven fish. The administration of

medicated food did not control this disease. Cytophaga psychrophila may
have infected the nervous tissue of the host causing this condition. Two
bacterial strains (SH7-86 and BFB3-86) from coho salmon with these signs
from two different hatcheries were included in this study.
3.

Cytophagal strains from yearling chinook salmon.
Strains thought to be

psych rophila, have been isolated from at least

three different pathological conditions in yearling chinook salmon. First, an
unusual disease of spring chinook salmon was observed during the winter
months at several hatcheries. The most distinct signs were necrotic pale livers

and anemia evidenced by pale gills. Few of these fish had typical BCWD
lesions of skin and muscle and most displayed no external skin lesions. Two
strains (MHChS6-86 and CHChS19-85) from fish with these signs are
included in the study.

A second disease observed in fall chinook salmon during the summer
or fall was characterized by anemia, dark pigmentation of the skin and a lack

of external skin or muscle lesions. Occasionally, these fish were
exophthalmic. A few may also exhibit a swollen, hemorrhaged deep muscle
lesion (not open externally) on their lateral side near the vent. Bacteria
thought to be

psychrophila were readily isolated from the internal organs of

these fish. One strain (SRChF8-81) representative of this disease was
included in the study.
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A third disease of chinook salmon has been observed with increasing
frequency in recent years in which signs of pathology are similar to both
chinook diseases described previously. In this case, a mixed infection is

noted. An undescribed virus of about 70 nm diameter found in red blood cells
and bacterial cells typical of

psychrophila are seen in affected fish. One

strain (BHURB-86) of the associated bacterium is included in this study.
Bacterial strains from gill tissue lesions.
On rare occasions, bacteria similar to

psychrophila, have been

isolated from lesions on the gills of yearling rainbow trout. A bacterium
(BFRbG3-84) isolated from a fish with this disease condition is included.
Bacterial strains from mature adult salmon.

Because vertical transmission of the causative agent of BCWD is

suspected, a study was initiated during the 1985 fall spawning season to
determine if

psychrophila, could be isolated from selected adult coho and

chinook salmon tissues and particularly the ovarian fluid. Spawned fish were
sampled on four separate days at Salmon River Hatchery and on one day
each at Trask and Big Creek hatcheries. The procedure for sampling the

various tissues was similar in all cases. The adults were examined for
readiness to spawn, then dispatched by a blow to the head. From the first five
females, a scraping of mucus from a 4-5 cm section of skin near the vent was

collected with a sterile scapel blade, placed in a tube containing ten ml of
phosphate buffered saline (PBS)(0.3 g KH2PO4; 0.6 g Na2HPO4; 5.0 g NaCI

in one L of distilled water, pH adjusted to 7.1) and stored in ice. Next, to
disinfect the external surface, a solution of acetic acid and formalin (AFA) was

topically applied to the skin just above the pelvic fin and on the ventral surface
from the vent forward to the isthmus. After several minutes, a 4-5 cm length
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incision was made in the AFA coated area, sufficiently deep to expose eggs

and ovarian fluid. Approximately 1-2 ml of ovarian fluid were removed with a
sterile tip of a P-i 000 Pipetman and placed in a sterile tube over ice. Milt was

expressed by the males and collected directly in sterile tubes and placed on
ice. After the females were cut open and eggs collected in a container, a
flamed loop was burned into the spleen and a sample placed on CA medium.

The air bladder was peeled back exposing the kidney and bacteriological
cultures prepared in the same manner as spleen tissue.
The ovarian fluid, milt and skin mucus collected were transported back
to the laboratory and within 24 hr. diluted in PBS and inoculated on CA using

the spread plate method (Koch, 1981). Ovarian fluid and mucus were diluted
(1:10, 1:100 and 1:1000) and plated. Milt dilutions were plated at 1:10 and
1:100. All CA plates were incubated at 1 70C for seven days and then
examined for typical colonies of

psychrophila. An estimated count of

psychrophila, colonies were recorded for the ovarian fluid, mucus and milt.
Representative colonies thought to be

psychrophila, were transferred to CA

plates and tested for reaction with rabbit antiserum against

psychrophita

using the rapid slide agglutination method (Kolmer, 1951). Serum from an
uninjected rabbit and saline were included as controls. Representative
bacterial strains from adult coho salmon tissues including spleen (BC13S-86),
kidney (SRCo12K-86) ovarian fluid (THOF1-86 and BCOF19-86) and mitt
(THM9-86) which agglutinated were included in the characterizations study.
6.

Bacterial strains from American Type Culture Collection (ATCC,

Rockville, MD).

Lewin (1969) concluded that a strain (ATCC #23108) of
psychrophita, provided by E. J. Ordal, University of Washington, Seattle,
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Washington and a Minnesota garden soil cytophagal isolated by M. Dworkin
(Lewin and Lounsberg, 1969) referred to as

aurantiaca. (ATCC 23107)

were sufficiently similar to be considered the same species. Lewin (1969)
proposed the name Flexibacter aurantiacus. Both ATCC strains were
included in the characterization study to determine if they were the same as
strains of Q.. psychrophila obtained from fish with BCWD.

Experimental, Animals

The Oregon Department of Fish and Wildlife provided all salmonids for
this study. Sandy Hatchery coho salmon was the stock of choice for most
experiments because natural

psychrophila, infection were almost

completely absent when eggs from this stock were incubated in pathogen-free
water at the hatchery. Eggs pooled from at least 16 adult coho salmon, the

resulting alevins and juveniles were kept in 100C spring water at Sandy
Hatchery prior to transport to the Oregon State University Fish Disease

Laboratory (OSU FDL). Other species utilized in the studies (effect of
temperature on progress of

psychrophila infection) were obtained from the

following sources: rainbow and steelhead trout from Oak Springs and Round
Butte hatcheries respectively, and spring chinook salmon from Clackamas

Hatchery. At the OSU FDL, fish and eggs were held in various size aquaria

continuously supplied with fish-pathogen free 12°C well water. Oregon Moist
Pellet (OMP) ration was fed

Characterization

libitum daily.

Bacterial Strains

After isolation and establishment of purity, the bacterial strains were

characterized by morphological, cultural and physiological criteria. Additional
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tests such as antibiotic susceptibility, DNA G+C content, presence of plasmid
DNA, serology, whole cell protein, fatty acid composition and infectivity were
also examined.

.0 Morphological Characteristics
Cell morphology was determined by light microscope (1 000x) from

gram stains and examination of wet mounts from 18-24 hr. cultures incubated
at 1 70C in TYE broth. An ocular micrometer was used to measure cell

dimensions. The formation of microcyst was determined by the method of
Dworkin and Gibson (1964).

Two strains, SH3-81 and 144a, were selected for examination by
electron microscopy for the presence of pill or other structures. The

production of pill may be associated with a particular colony type. On CA
medium, bacterial strain 144a forms two distinct colony types. One is small
entire and light yellow, the other is large flat spreading and bright yellow.
Strain SH3-81 forms the classic colony type showing a yellow raised centers

with thin spreading margins. To examine for pill, cultures with each type of
colony was incubated 24 hr. on CA, washed off the plate with 1 ml of 0.25 M

ammonium acetate, negatively stained with 1% (wt/vol) sodium
phosphotungstate and viewed with a Philips Model 300 transmission electron

microscope. Transmission electron microscopy was also conducted on the
same bacterial strains except the cultures were grown in TYE broth for 22 hr.
at 180C, centrifuged for 10 mm. at 1949xg, fixed, sectioned and prepared as

described by Rohovec and Amandi (1981). The morphology of Q
psychrophila, cells in skin and muscle lesions of naturally infected juvenile

coho salmon was observed by scanning electron microscopy (SEM). Tissue
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from external BCWD lesions from coho salmon at Salmon River Hatchery

were fixed in 2% gluteraldehyde in 0.2M sodium cacodylate buffer (pH 7.2) for
4-6 hr., then moved through solutions of increasing concentrations of acetone
in water and trichlorotrifluroethane (TF) in acetone; 20 mm. per change. From
absolute TF, samples were critical point dried following the method of Cohen

et al, (1968) in a Bomar SPC-900 CP dryer. Specimens were mounted on 12
mm diameter aluminum plancets using Duco Cement adhesive and coated
with approximately 100 A0 of 60/40 wt % Au Pd alloy in a Varian VE-1 0
vacuum evaporator at a vacuum of 1 x 1

Torr. Examination was made

using an AMRAY 1000A SEM, operated at 20KV at the Electron Microscope
Facility, Department of Botany and Plant Pathology, Oregon State University.
Images were recorded on Polaroid Type 55 positive/negative 4 x 5 format film.
The electron microscopy was done by Mr. A. Soeldner and Ms. C. Weiss.

Motility

Gliding motility was determined by examining hanging drop wet mounts
of 14-20 hr lYE broth cultures with light microscopy or by placing a coverslip
over the peripheral regions of growth on a thinly poured CA plate and

observing microscopically with a wide depth of field oil immersion objective
(lOOx).

Cultural Characteristics
Colony morphology of the bacterial strains was compared on the

following media: CA, Tryptic Soy Agar (Difco, Detroit, Michigan), lYE
(Fujihara and Nakatani, 1971); Shieh medium (1980), Lewin and Lounsberg
medium for freshwater flexibacteria (1969); modified Cytophaga agar
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(Wakabayashi and Egusa, 1974); and Hsu-Shotts medium (Baxa et at., 1986).
Plates of each medium were poured, held at room temperature for 72 hr.,
inoculated from Cytophaga broth cultures and incubated at 1 80C for seven
days.

A comparison of the growth of strain SH3-81 in various liquid media

was tested to aid in selection of media for bacterin production. The following
media were compared: Cytophaga broth, Cy7 (Reichenbach and Dworkin,
1981), modified Cytophaga broth (Wakabayashi and Egusa, 1974), Shieh

medium (1980), lYE (Fujihara and Nakatani, 1971) and a medium (TYES)
prepared in this laboratory consisting of a combination of TYE plus salts from

Cy7 medium. Ingredients were tryptone 0.4%, yeast extract 0.04%,

MgSO47H2O 0.05%, CaCl22H20 0.05% and pH adjusted to 7.2. Prior to
starting the growth study, the bacterium was inoculated into each medium
incubated for 24 hr. at 1 70C on a shaker and transferred three times. The

growth response of this bacterium was determined in each medium in
duplicate by inoculating 50 ml broth in Nephelo culture flasks (Belco Glass,
Inc., Vineland, NJ) with one ml of broth culture at a 0.1 absorbance (525 nm).

Flasks were incubated at 170C on a gyratory shaker (624 Environmental
incubator shaker, New Brunswick Scientific Co., Inc., Edison, NJ) at 200 rpm.
The absorbance at 525 nm was recorded every 3-4 hr. for three days.

Uninoculated control flasks containing each medium were incubated shaken
and others unshaken. The growth curve was plotted and doubling time
calculated by comparing absorbance versus time (Koch, 1981).
To facilitate estimation of viable cell numbers for various experiments,

the viable cell counts of SH3-81 versus absorbance (optical density) at 525
nm was determined. The bacterium was grown in 100 ml of TYE broth at
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170C on a reciprocal shaker. At intervals, plate counts were performed in
triplicate using the spread plate method on CA and the absorbance was
measured in a Bausch and Lomb Spectronic 20.

Environmental Characteristics,

The ability of each strain to grow in TYE broth at 5, 17, 23, 25, 30 and

370C was recorded after one week incubation. The effect of temperature on
growth rate of strains SH3-81 and NCMB 1947 were determined by using a
temperature gradient incubator (Scientific Industries, Inc., Mineola, NY).
Duplicate tubes containing ten ml of TYE broth were preincubated at
temperatures from 30 to 330C. Each tube was inoculated with 0.3 ml of a 24
hr TYE culture of the bacterium. Absorbance at 525 nm was recorded every 34 hr. for 72 hr. and every 6-8 hr. thereafter until day seven.

The ability of the test strains to initiate growth at NaCl concentrations of

0.5, 1.0 and 2.0% incorporated in TYE broth was tested. Tubes were
inoculated with one drop of TYE culture and placed on a reciprocal shaker at
170G. Results were recorded after one week incubation.

Ability to grow anaerobically was tested on inoculated CA plates
incubated in GasPak jars (BBL Microbiology Systems, Cockeyville, MD) under
hydrogen and carbon' dioxide.

Physiological Tests

All biochemical tests were performed in duplicate. Each of the test
media was inoculated with the bacterial strains from CA plates or TYE broth

and incubated at 170C. When possible, selected known organisms were
included as controls to demonstrate positive and negative reactions. The
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methods used in general were those described by Pacha (1968), Pacha and
Porter (1968) or Lewin and Lounsberg (1969).

Degradation

Selected Substances

The utilization of agar was tested by examination of inoculated CA

plates for depression beneath the growth indicating liquefaction. A medium
consisting of mineral base proposed by Stainer (1942) and strips of filter

paper was used to test for cellulose degradation. Utilization of carboxymothyl
cellulose was tested according to the method described by Halt (1972). To a
basal medium described by Pacha (1968) the following substrates were
added separately, inoculated with the test strain and their activity on the

substrate tested: soluble starch, 0.2%; skim milk, 2.0%; gelatin, 0.5%; chicken
egg albumin (Sigma), 0.2%; elastin (bovine neck ligament, Sigma), 0.5%;
collagen (insoluble, type I from bovine achilles tendon, Sigma), 0.5%;
tyrosine, 0.5% and tributyrin (Sigma), 0.05%. The starch, skim milk and
gelatin plates were incubated for seven days at 17CC while the others were

held for 3 weeks prior to recording. Starch hydrolysis was detected by
flooding the plates with Gram's iodine solution. The ability to hydrolyze
casein; elastin, tyrosine and tributyrin was recorded if clear areas developed

around the growth in the opaque medium. Gelatin, albumin and collagen
plates were flooded with acid mercuric chloride (mercuric chloride 15.0 g;
concentrated HCI, 20.0 ml; distilled water, 100 ml) to enhance visualization of

clearing indicating degradation.
Chitin decomposition was tested with a suspension of chitin prepared

according to the procedure described by Reichenbach and Dworkin (1981)
with some modification ( B. Caidwell, personal communication, Oregon State
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University, Corvallis, Oregon). The chitin was treated with sodium
hypochlorite prior to dissolving in HCI, reprecipitated with water, washed and
concentrated 20 times until the pH reached 6.0. Five ml of a mixture of 0.75%

chitin, 0.1% peptone and 0.7% agar was overlaid on non-nutrient agar plates
(Pacha, 1968). The bacterial strains to be tested were spotted onto the

surface of the overlay agar and plates incubated for four weeks. Hydrolysis
was detected by a clearing of the suspended chitin around the areas of
growth.

Carbohydrate Utilization
The Hugh Leifsons' procedure (1953) as modified by Pacha and Porter
(1968) was used to test for oxidation and fermentative production of acid in

glucose. Utilization of lactose and sucrose was tested in this medium under
aerobic conditions. All carbohydrates were filter sterilized and added to the

basal medium at a final concentration of 1.0%. Formation of a yellow color in
the medium was indicative of a positive reaction. The utilization of citrate as a
sole source of carbon was tested in Koser's citrate medium (Koser, 1923).

Miscellaneous Biochemical Tests
Production of ammonia in TYE broth was tested as described by Lewin

and Lounsberg (1969) using Nessler solutions. Formation of a deep yellow
color indicated a positive reaction. Tests for hydrogen sulfide production were
done as described by Pacha (1968). Reduction of nitrate, indole test, acid
(methyl red test), acetyl methyl carbinol production (Voges-Proskauer test)

and catalase test were performed according to methods described by Smibert

and Krieg (1981). The modified benzidine test (Deibel and Evans, 1960) was
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used in addition to the catalase test to detect non-porphyrin systems. The
presence of cytochrome oxidase was determined by the method of Gaby and

Hadley (1957). The test for flexirubin pigments (Reichenbach and Dworkin,
1981) involved the addition of 20% KOH to growth on CA. A positive reaction
was recorded if colony color changed from yellow to red or purple and
reverted to yellow with the addition of HCI.
Ability of the bacterial strains to grow in 1 % tryptone (Difco) and 1 %

Casamino acids (Difco) broth was tested by the addition of one drop of 24 hr.

TYE broth culture to each tube. Development of turbidity indicated growth.

Tolerance to 0.01% sodium lauryl sulfate (Lewin and Lounsberg, 1969) was
examined for each strain by inoculating on lYE agar (1.0% agar) plates
containing 0.01 % sodium lauryl sulfate (Sigma) and observing for growth after
seven days.

Pacha's (1968) procedure was used to determine the test strains lytic
activity for autoclaved, washed 1 % cell suspensions of Escherichia,

jj and

Aeromonas hydrophila. Evidence of lysis was indicated by the appearance of
clear zones around the areas of growth.

Antibiotic, Susceptibility

Antibiotic susceptibility patterns were determined by placing Sensidiscs of 13 different antibiotics (BBL Microbiology Systems, Cockeyville, MD)
on inoculated CA plates according to instructions of the manufacturer (Kirby-

Bauer Method). Size of zones of inhibition were measured after four days
incubation at 180C.
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DNA Isolation,

Fifteen selected strains and a E columnaris strain (DD3-69) were each
grown in 1200-1600 ml of TYE broth for 48-72 hr. at 1 70C. Cells were
harvested by centrifugation, washed in saline-EDTA buffer (0.15 M NaCI,
0.01 M sodium EDTA, pH 8.0), centrifuged, resuspended in saline-EDTA and

stored frozen (-20°C).
The hydroxyapatite method (Johnson, 1981) was used to obtain DNA
from each strain. The cells were thawed, 0.5 ml of RNase solution (1.0 mg
RNase/ml in 0.15 M NaCI, pH 5.0, heated for 10 mm at 80°C to inactivate

traces of DNase) and 1.2 ml of 20% (wt/vol) sodium lauryl sulfate added, the

mixture heated to 50600C for 20 mm. and then sheared by two passes
through a French pressure cell at 16,000 psi. Proteinase K (50 ug/ml)(Sigma
Chemical Co., St. Louis, MO) was added and the mixture incubated at 50CC

for one hr. Protein was removed by extraction with water-saturated redistilled
phenol. DNA was purified with hydroxylapatite (BioGel-HTP, DNA Grade, Blo
Rad Laboratories, Richmond, CA) as suggested by Johnson (1981). The DNA

preparations were dialyzed against 300 volumes saline-HEPES buffer (0.02
M NaC! - .001M N-2-hydroxyethylpiperazine-N1-2-ethanesulfonic acid sodium

salt, pH 7.0) over night. DNA preparations were either placed in a freezer or a
few drops of chloroform added and stored at 4cc.

Determination j Percent Guanine Plus Cytosine

DNA preparations were dialyzed overnight against 0.1 x SSC (0.015M
NaCI, 0.0015M trisodium citrate). A Beckman model DU-8 computing
spectrophotometer equipped with a TM Compuset Module recorded the
absorbance at 260 NM at 1 .00C increments between 55 and 900C. The

34
guanine plus cytosine content of the cytophagal DNA was calculated by the
equation of Mandel et al. (1970). DNA extracted and purified by the same
procedure from Escherichia,

jj strain WP2 (51.0 mole % guanine plus

cytosine, Seidler and Mandel, 1971) was used as a standard.

Plasmid Content
The plasmid profiles of 20 cytophagal strains in this study were

examined by a rapid alkaline extraction procedure (Birnboim and Doly, 1979)
as modified by Maniatis et al. (1982). Five ml of each strain were grown in
TYE broth for 72 hr. at 170C on a reciprocal shaker, cells pelleted by

centrifugation and frozen at 00G. The wet packed cells were resuspended in
a one ml solution containing 25 mM Tris pH 8.0; 50 mM glucose and 10 mM

disodium EDTA, pelleted in a microcentrifuge, resuspend with same solution,
treated with lysozyme, 1% sodium dodecyl sulfate (SDS), 0.2N NaOH and 5M

potassium acetate. The preparation was centrifuged and 450 ul of
isopropanol added to the supernatant, centrifuged and the pellet dissolved in
a solution of 10mM Iris pH 7.5, 0.3M sodium acetate, 0.1% SDS, and 1mM
disodium EDTA. RNAase A (5.0 mg/mI of bovine pancreas, Sigma) was
added (5 UI), the mixture incubated for 30 mm. at 370C, then proteins removed

by phenol and chloroform extraction. Ethanol was added to three volumes
and the prepraration stored at 200C.
DNA samples (15 UI) plus one ul tracking dye (0.25% bromphenol blue,

40% sucrose) were electrophoresed through 0.8% agarose (Sigma) in Tris
acetate buffer at 7OmA for about 2 hr. (Maniatis et aI,1 982). Nucleic acid

molecular weight of Lambda DNNHind III fragments (Bethesda Research

Laboratories, Gaithersberg, Maryland) standard was included. The gel was
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stained for two hr with ethidium bromide solution (100 ul of 0.5 mg ethidium
bromide/mi in 100 ml gel buffer), and photographed with a Polaroid MP4
camera.

Serological Characteristics
The rapid slide agglutination method (Kolmer, 1951) was used to
determine if all study strains possessed common antigen(s) with a typical

psychrophiia strain (SH3-81). Rabbit antiserum prepared as described in this
section against strain SH3-81, was reacted with cells of each culture. Serum
from an uninfected rabbit and saline were included as controls. To avoid
autoagglutination, cells from CA plates were added to saline, mixed
vigorously and heated for 10-15 mm. at 500C prior to testing.

A serological comparison was conducted on seven strains collected
from diverse geographic locations. Information regarding the source of these
strains is summarized in Table 2. Antigen for immunizing rabbits and titering
immune sera was prepared as follows: cells from each strain were removed
from lyophilization by inoculation of TYE broth and incubated at 17°C for four
days. To ensure culture purity, Gram stains and wet mounts were prepared.
Also, each strain was grown on CA to observe for homogeneity of colony

morphology. Cultures were routinely grown in 500 ml volume of TYE broth in
1000 ml prescription bottles, harvested by centrifugation and washed three

times in PBS. Then suspended in formalized-saline (0.2% formalin, 0.85%
NaCI in distilled water) and adjusted to a standardized turbidity equal to 10
times 0.40 absorbance at 525 nm on a Spectronic 20 (Bausch and Lomb)
spectrophotometer, stored at 40C overnight and examined for sterility by
inoculating CA plates.

36

Table 2.

Source of cytophagal strains used for serological comparison.

Strain No.

Location

Isolated from

SH3-81

Sandy Hatchery, Oregon

Juvenile coho salmon

1981

1 44a

Dungeness Hatchery, Washington

Juvenile coho salmon

1948

MCi K-85

Platte River Hatchery, Michigan

Yearling coho salmon

1985

23107

Minneapolis, Minnesota

Garden soil

NR

NH67

Berlin, New Hampshire

Juvenile brook trout

1967

84-254

Fraser River Hatchery,

Juvenile coho salmon

1984

Juvenile chum salmon

1979

British Columbia, Canada
NB2-79

a Not reported.

Nootsack Bay Hatchery, Alaska
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Each of seven young adult New Zealand rabbits were immunized with

one of the cytophagal antigens. The schedule and route of antigen injection
was as follows: antigen was diluted one ml into nine ml of saline and each
rabbit was injected intravenously with successive doses of. 0.2, 0.3, 0.5, 1.5,

2.0 and 3.0 ml on days 1,2,3,9, 10, and 18. One intraperitoneal injection (3.0
ml) was given on day eight to each rabbit. Serum samples were collected
from all rabbits prior to immunization and nine days after the last injection of

antigen. Approximately 50 ml of blood were collected from the marginal ear
vein of each rabbit, incubated at 370C for one hr., stored over night at 40C,

centrifuged, serum collected and either stored at 7O0C or kept at 40C with
1:10,000 ethylmercurithiosalicylate added to the serum.

The agglutinin titers of the immune sera when reacted with homologous
and heterologous antigens were determined by the macroscopic tube

agglutination method (Kolmer, 1951). Antigen suspensions were adjusted to
0.4 absorbance at 525 nm. After the diluted serum and antigen were mixed,

the test was incubated for two hr. at 52°C and 12-24 hr. at 4°C. All titrations
were conducted in duplicate and the lowest serum dilution was 1:20. The titer
was defined as the reciprocal of the highest serum dilution containing

detectable cell agglutination.
To detect antigenic differences between strain SH3-81 and each of six

others studied, separate aliquots of 5H3-81 antiserum were absorbed with
each of the seven antigens. Conversely, each immune serum prepared in
rabbits from cells of the six strains was absorbed with SH3-81 antigen. Each

serum preparation was absorbed with the 10 x antigen preparations for 8 -10
times to insure removal of all reacting antibodies. The methods for absorption
were similar to those described previously (Holt, 1972). The agglutination
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reactions of these absorbed sera with each antigen were conducted to
determine if antibodies remained.

Sodium Dodecyl Sulfate-Polyacrylamide

j Electrophoresis Q.t CeIIuIar

Proteins

Cells from 16 cytophagal strains were grown in TYE broth for 72 hr. at
1 70C on a reciprocal shaker. Thirty ml of each of these broth cultures were

centrifuged, pelleted cells resuspended and washed two times in PBS,
resuspended in 1.5 ml of PBS and then disrupted by ultrasonification with a
Sonifer Cell Disruptor (Model W185, Heat Systems, Ultrasonics, Inc.,

Plainville, NY). Each preparation was cooled in an ice bath and received
eight 10 second bursts at 65 watts. Sonicate was mixed with sample buffer
(0.15 g Trisma base, 0.4 g SDS, 1.0 ml 2-mercaptoethanol, 2.0 ml glycerol,

7.0 ml distilled water, 0.02 g bromphenol blue), boiled for five mm. and stored
at -20°C.

Sodium Dodecyl su Ifate-polyacrylamide gel electrophoresis was

performed by methods described by Laemmli (1970) and Schleif and Wensink
(1981). In each well, 15 - 25 ul of sample and one ul of tracking dye was

added. A prestained SDS molecular weight standard mixture (Sigma) was
used for markers. Gels were stained with Coomassie Brilliant Blue R (Sigma)
as described by Schlief and Wensink (1981).

Whole-Cell Fatty, Acid Analysis

Fifteen strains from this study were inoculated on CA plates and
submitted to Microbial ID, Inc. (Newark, DE) for whole cell fatty acid analysis.

Samples were prepared as follows: one heavy loop full of bacteria cells was
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collected from CA plates (1.2% agar) which had been, incubated at 1 0C for
four days, saponified by addition of 1.0 ml 15% NaOH in 50% methanol, and
heated for 30 mm. in a boiling water bath. Then methylated with 2.0 ml of 3N
HCI in 50% methanol for 10 mm. in a 80°C water bath and the aqueous
extract washed with 1.25 ml hexane: ether (1:1) by tumbling on a hematology
test tube mixer (Fisher Scientific Co., Philadelphia, PA) for 10 mm. The lower

(aqueous) phase was removed and discarded. The organic phase was
washed with 3.0 ml of 1.2% NaOH and tumbled for 5 mm. This organic
(upper) phase was transferred to a gas chromatograph (GC) vial for analysis.

The HP5898A Microbial Identification System (Hewlett-Packard,
Avondale Division, Avondale, PA) consists of a GC with a 5% phenyl methyl
silicone capillary column, an automatic sampler, an integrator and computer.
The integrator (HP3390A) was used to couple the chromatograph to an HP85
personal computer, which was used for data collection. This system reports

the analysis in two forms: raw chromatographic data and a computergenerated composition report. The computer analyzes fatty acid
chromatograms from unknown bacteria and compared then with a compute
library of chromatograms from known bacterial strains and known standards.

Virulence

Coho Salmon

A comparison of the virulence of 22 selected cytophagal strains for
Sandy Hatchery coho salmon (mean weight 28 g) was conducted at the OSU

FDL. Cultures were removed from lyophilization; grown in TYE broth and
examined for purity. Broth cultures incubated at 1 70C on a reciprocal shaker
for 24-48 hr. were adjusted to 0.45 absorbance at 525 nm, centrifuged at 4300
x g for 12 mm., the supernatant discarded and pelleted cells stored over ice for
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transport to the OSU FDL. Cells were resuspended in sterile PBS and
counted by the spread plate method (Koch, 1981). For each bacterial
suspension, two groups of 25 fish each had been placed five days previously

in 68 L tanks receiving one L per mm. inflow of 12°C well water. The fish
were anesthetized with ethyl-p-aminobenzoate (Sigma) and each given an
subcutaneous injection just anterior to the adipose fin with 0.1 ml of bacterial

suspension (approximately 3 x i7 cells). Fish in duplicate control groups
received a subcutaneous injection of 0.1 ml sterile PBS. All groups were
examined daily for dead fish. If present they were collected, necropsied and

bacterial cultures of kidney tissue prepared on CA plates. The experiment
was terminated after 18 days at which time no losses had occurred in any
group for 3 days and morbid fish were not apparent in the tanks. The
survivors from one tank exposed to each strain were necropsied and kidney
tissue placed on CA plates and incubated at 1 70C for seven days.

Development j Challenge Method
A reliable method of infecting experimental fish was needed before
studies on the effect of water temperature on

psychrophila infections and

comparison of various vaccine preparations for protection against BCWD

could be determined. Both waterborne and injection challenge methods have
been developed with other fish pathogens (Pacha and Ordal, 1967; Sanders
et al., 1978). In this study, waterborne exposure and injection of

psychrophila by selected routes were evaluated.

Cytophagal strain SH3-81 was selected for all experiments because it
was isolated from a fish with classic disease signs at a time when the

population of fish was suffering a severe epizootic of BCWD. The bacterium

41

was isolated on CA, examined for purity, centrifuged, pelleted cells

suspended in PBS and injected into a group of juvenile coho salmon to
determine virulence. The bacterium was reisolated from these experimentally
infected fish, cultured in TYE broth and preserved by lyophilization. The
bacterial cells were removed from lyophilization just prior to each experiment.

Waterborne Challenge Experiment
Twelve groups of 25 juvenile coho salmon each (mean weight 0.7g)
were placed in 68 L tanks at the OSU FDL and allowed to acclimate for seven

days. Cytophagal strain SH3-81 was removed from lyophilization and grown
in TYE broth at 1 70C for 24 hr. Four separate culture suspensions were
prepared by adding sterile TYE broth to the broth cultures to obtain two

suspensions with optical densities of 0.03 and two at 0.30 (525 nm). These
suspensions were then diluted with well water (900 ml well water to 100 ml of
0.03 O.D. broth and 800 ml well water to 200 ml 0.3 O.D. broth) to obtain

concentrations of approximately 5 x 106 cells per ml and 7 x 108 cells per ml

in 1000 ml volumes. Viable

psych rophila, cell counts (spread plate method)

were determined for each of the water plus cell suspensions and fish from
each of two tanks were separately exposed to a suspension for 10 mm. Air

was added to the suspension during the exposure period. Prior to challenge,
fish in one group at each concentration were anesthetized and their adipose
fin removed to provide a fresh wound to enhance bacterial invasion.

In

summary, groups of fish with an adipose fin wound and groups without a
wound were exposed to one of two cell concentrations of

psychrophila.

Four control groups were included in this experiment. Two tanks of fish with
clipped adipose fins were exposed to solutions of either 100 ml sterile TYE
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broth and 900 ml well water or 200 ml of sterile TYE broth and 800 ml of well

water for 10 mm. Also, two tanks of fish without clipped adipose fins were

exposed to one of the above suspensions. The fish were returned to their
appropriate tank after the 10 mm. exposure and monitored daily for mortality.

Tissue from kidney and/or skin lesions from all dead fish were placed on CA
plates to detect the presence of Q,. psychrophila.

Injection Challenge Method
A comparison of the 50% lethal dose (LD50) by subcutaneous,
intramuscular and intraperitoneal injection of viable

psychrophil, cells into

juvenile coho salmon (mean weight 8 g) was conducted. A 24 hr. TYE broth
culture of SH3-81 was adjusted to 0.4 absorbance at 525 nm, centrifuged and

the cells resuspended in PBS. Cells in each suspensions were counted by
the spread plate method on CA and four 10 fold dilutions prepared. Each
dilution was injected at 0.05 ml per fish with a one ml disposable tuberculin
syringe and 26 gauge needle (Becton Dickinson, Rutherford, NJ) into three
separate groups of 25 fish; each was injected by one of the three routes. The

subcutaneous injection was given between the adipose and dorsal fins, the
intramuscular on the lateral side of the fish between the lateral line and dorsal

fin and intraperitoneal injection just anterior to the ventral fin insertion. This
was done for each of the four bacterial suspensions. Then the entire
procedure was repeated to provide replicate groups. Fish in three control
tanks received 0.05 ml of PBS by one of the three routes. All groups were

monitored daily and kidney tissue from dead fish placed on CA plates. The
experiment was terminated after 21 days. By this time no dead fish had
occurred for at least three days and no moribund fish were evident in the
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tanks. The 50% lethal dose value (LD50) was calculated by the method of
Reed and Muench (1938).

Virulence of Three Cytophaqa psychrophila Strains gJuvenile Coho Salmon
Three strains of

psychrophila, obtained from dead coho salmon with

BCWD signs at three different fish hatcheries in Oregon were compared by

their LD50 values for coho salmon. This experiment was conducted to
determine if SH3-81, had comparable virulence for juvenile coho salmon with
two other

psychrophila, cultures obtained from different locations and fish

stocks. Lyophilized strains of NN7-81, BC3-81 and SH3-81 were inoculated
into TYE broth. After 24 hr. at 17°C on a shaker, the cultures were adjusted to

0.4 absorbance (525 nm), centrifuged and resuspended in PBS. Viable cells
were counted by the spread plate method on CA. The fish were placed in
tanks three days prior to challenge. As with previous LD50 experiments, four
10-fold dilutions of each culture were prepared and two groups of 25 coho

each were injected subcutaneously with 0.05 ml of bacterial suspension per
fish. Two groups of 25 control fish each received 0.05 ml PBS per fish,

subcutaneously. All groups of fish were examined daily and kidney tissue
from all dead fish placed on CA plates. The experiment was terminated after

34 days. Lethal dose (LD50) values were calculated by the method of Reed
and Muench (1938).

Effect

Water Temperature n. Progress

Infection

The relationship between water temperature and mortality from
experimental infection by

psychrophil, was investigated in juvenile and

yearling coho salmon (two stocks), chinook salmon, and rainbow trout. In
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each experiment, duplicate groups of 25 fish were held at the OSU FDL in
fiberglass tanks containing 68L of pathogen-free well water flowing at a rate of
one L per mm. Automatic temperature control equipment provided water at
eight temperatures ranging from 3.0 to 230G. In certain experiments the
lowest temperature was 60G. Fish were tempered to the various temperatures
according to the method of Holt et al. (1975).

The method of challenge was generally the same as described
previously in the experiment to determine lethal dose of various isolates.

Strain SH3-81 used in all experiments, was removed from lyophilization,
grown in TYE broth for 24 hr. at 1 70C, examined for purity and the absorbance
adjusted to provide from 4 x 106 to 2 x 1

cells per fish when injected

subcutaneously. The bacterial cells were centrifuged, resuspended in PBS
and counted in triplicate on CA using the spread plate method. The volume of
bacterial suspension injected per fish was 0.02 ml in experiments with small

fish and 0.05 ml for all others. Injections were given using 30 gauge 121 mm
Yale Hypodermic Needles (Becton-Dickinson (BD), Rutherford, NJ) with either
0.25 ml glass tuberculin syringes (Popper and Sons, Inc., New Hyde Park,
NY), 0.5 ml single use Insulin Syringes (BD), or one ml tuberculin syringes

(BD) depending on volume to be injected. Two control groups at each
temperature were given subcutaneously injections of PBS. Dead fish were
collected daily and examined for

psychrophila by culturing kidney, spleen

and skin lesion (if present) on CA plates. The experiments were continued for
20-26 days. All survivors were sacrificed and kidney samples placed on CA.
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Control Qi BCWD .b Water Temperature

Groups of juvenile steelhead trout were experimentally infected with
psychroph

(strain SH3-81) to determine if increased water temperature

would prevent or reduce mortality from BCWD. Steelhead trout (mean weight
30.6 g) were distributed into 16 tanks (25 fish/tanks). Fish in 10 tanks were
injected subcutaneously with 6.6 x 1

,

psychrophila cells (0.05 ml volume).

Preparation of the bacterial suspension for injection and plate counts were
performed as described previously. To compare the effects of water
temperature on progress of infection, challenged groups of fish were treated
as follows: (1) fish in two tanks were maintained in 12CC water throughout the
experiment; (2) two other groups of fish immediately after infection began to
receive 220C influent water (1 L per mm. into 68L tanks); two groups after
each of the following time periods received 220C water; (3) after 24 hr. at
12CC; (4) 48 hr. at 120C; and (5) 72 hr. at 1 20C. Uninfected controls

consisting of two groups of 25 fish each were injected subcutaneously with

0.05 ml of PBS and either held at 120C, received 22°C influent water
immediately or were exposed to 2200 influent water after 72 hr. When tanks
receiving 1200 influent water were changed to 2200 water, the temperature
in the tank reached 2200 in less than five hr. On day ten, the influent water
temperature to all tanks was regulated to 12CC and kept at this temperature

for the remainder of the experiment (19 additional days). Dead fish were
removed daily and examined for

psychrophila, by inoculating kidney,

spleen and lesion tissue on CA plates. At termination survivors were
sacrificed and examined for
plates.

psychrophila, by placing kidney tissue on CA
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Immunization

Coho Salmon Against Cytophaqa psychrophila

To determine if coho salmon could be protected against experimental
infections of

psychrophil, several tests were conducted using injectable

and immersion bacterins. Other parameters affecting efficacy of the bacterin
examined included the effect of fish size when immunized and bacterins
produced with selected strains of

psychrophila.

Bacterin Preparation
Cytophaga, psychrophila, strain SH3-81 was removed from

lyophilization, grown in 600 ml volumes of TYE broth at 17°C for 48-72 hr and
examined for purity by Gram stains and wet mounts. Cells were harvested by

centrifugation, resuspended in formalized-saline (0.85% NaCl, 0.2% formalin
and distilled water) as a cell concentrate, and stored at 40G. The cell
concentrate was examined for sterility by inoculating a loopful on CA plates.
Injectable bacterins were prepared by mixing equal portions of the cell
concentrate diluted to provide about 1010 cells per ml and Freunds Complete

Adjuvant (Difco). This preparation was mixed with a VirTis Homogenizer
(VirTis Research Equipment, Inc.) and then loaded into syringes for injection
into fish.

The immersion bacterin was prepared by diluting the cell concentrate
with fish pathogen-free well water to obtain a suspension with an absorbance
of 0.32 at 525 nm (equivalent to about 5 x 108 cells per ml).

Immunization Procedure

Groups of fish were held in one meter diameter fiberglass tanks

furnished with fish pathogen-free well water at 12°C. The injectable bacterin
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was given intraperitoneally to fish which had been anesthetized with amino
benzoate (Benzocaine, Sigma). The volume injected varied from 0.02-0.10 ml
depending on size of fish being immunized.

The immersion bacterin was administered as follows: groups of fish
(total weight less than 450 g) were held in a dip net and placed in a 2000 ml
suspension of the cell concentrate diluted to 0.32 absorbance (525 nm) for
one or two mm. depending on a specific experiment, then returned to the

appropriate tank. Control groups were handled in an identical manner but
were not exposed to

psychrophila bacterin. Fish were generally held from

28 to 53 days prior to being distributed into 68L tanks, rested for five to seven

days and challenged by subcutaneous injection with various concentrations of
viable SH3-81 cells as described earlier. Dead fish were removed from tanks
and kidney tissue inoculated on CA plates. Experiments were terminated after
14-36 days when no moribund fish were observed in any group. Survivors
were sacrificed and kidney tissue placed on CA plates.

Description
1.

Specific Immunization Experiments

Immunization of yearling coho salmon.
The goal of the first experiment was to determine if protection against

psychrophila could be demonstrated using successful methods of bacterin

administration for other fish pathogens. Groups of 100 coho salmon (27.2 g
mean weight) each were given one of the following treatments: intraperitoneal
injection of 0.1 ml injectable bacterin, 60 sec. exposure to the immersion
bacterin or 60 sec. exposure to well water only (control). After 50 days, fish

from each group were placed in replicate tanks (50 fish/tank). Three days
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later all groups were challenged by subcutaneous injection with 8.6 x
cells per fish. The experiment was terminated after 36 days.
2.

Immunization of coho salmon at selected sizes.
Experiments were conducted to determine if fish at 0.5, 0.9, 1.5 and 4.1

g mean weight could be protectively immunized against

psychrophila. In

the first test, four separate treatments were given to 0.5 g coho salmon (two

months of age): (a) 0.02 ml per fish intraperitoneal injection of bacterin; (b)
exposure to immersion bacterin for two mm.; (c) 0.2 ml per fish intraperitoneal
injection of FCA (Difco) and saline (control); and (d) immersion for two mm. in

water only (control). After 30 days, fish from each treatment were distributed in

68 L tanks. The immersion bacterin and corresponding immersion control
groups had 22 fish per tank and the FCA control and injectable bacterin

groups had 16 fish per tank. To maximize chances of observing differences in
survival between groups, four different challenge doses were given in
replicate to each treatment. Each fish received 0.02 ml of a viable SH3-81

suspension. This was replicated with a second suspension of SH3-81 diluted
and injected in the same way into four additional groups of fish of each
treatment. The experiment was terminated after 15 days.
The experiments involving immunization of coho at 0.9, 1.5 and 4.1 g

mean weight compared only the immersion bacterin to control. Fish were
vaccinated, held for 30 days and groups challenged by subcutaneous
injection with four ten-fold dilutions of SH3-81 cells. Replicate groups for each
treatment and each challenge dose were included.
In a separate experiment, fish immunized at 1.5 g were held for 69 days

prior to challenge. In this test, replicate groups of controls and immersion
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treated groups were challenged at two different cell concentrations rather than
four.

An additional experiment was included involving the vaccination of 0.5
g size coho salmon by immersion at a higher concentration of cells (1.8

absorbance at 525 nm). Separate groups of fish including controls were
challenged after 28 days with four different concentrations of live virulent SH381 cells.
3.

Cross-protection study.

At least two serotypes of

. psychrophila,

are known to exist (Holt,

1972). An experiment was designed to determine if groups of coho salmon
vaccinated with either serotype would be protected when challenged with
strain SH3-81. Four groups of coho salmon (mean weight 28.2 g) were

treated as shown in Table 3. Strain SH3-81 represented one serotype and
NH67 the other. The bacterin consisted of cells of a selected strain in

formalized-saline at 0.75 absorbance (525 nm) added to equal volumes of
Bacto-Adjuvant Complete H37 Ra (Difco). Immunized fish received 0.05 ml

intraperitoneally of the adjuvant and cells. Two control groups received
injections of either 0.05 ml of formalized-saline or adjuvant plus formalizedsaline. After 30 days, replicate groups of 25 fish each from each vaccinated

group and controls were challenged with one of two 10-fold dilutions of viable
SH3-81 cells. This experiment was terminated after 15 days.
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Table 3.

Group

Treatments administered to four groups in a cross
protection study with serologically different strains of
Cytophaga psychrophila1.
Treatmenta

1

Formalized-saline

2

Bacto-Adjuvant Complete +saline

3

Bacto-Adjuvant Comp'ete + SH3-81 cells
in formalized-saline

4

Bacto-Adjuvant Complete + NH67 cells
in formalized-saline

a Sandy Hatchery coho salmon at 28.2 g were each injected
intraperitoneally with 0.05 ml of a particular preparation.
Fish were held at 1 20C for 30 days prior to challenge
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RESULTS

Characterization
Borg (1960) first isolated

,

psychrophila on culture media and

conducted a limited characterization of strains from fish with BCWD. Pacha

(1968) Lewin and Lounsberg (1969) and Holt (1972) added to the description
of this bacterium. In recent years, cytophagal bacteria thought to be Q.

psychrophila have been isolated from diseased salmonids collected at widely
separated locations and from fish with pathological signs different from
BCWD. Work presented here was designed to compare the characteristics of

cytophagal strains obtained from these sources. These isolates were
believed to be the same or similar to

psychrophila, and were included to

further the description of this bacterium.

il Morphology
Vegetative cells from lYE broth cultures were slender, gram-negative,
weakly refractile rods with rounded ends (Figure 1). Cells from a 14-24 hr.
culture ranged from 2-7 urn in length and 0.5-0.75 urn in width and a few

filarnentous forms 10-40 urn long were observed. Cells of strains NY3-82 and
6-162 were shorter (2-3 urn) and wider (0.7-1.0 urn). Pleomorphic forms

including cells that were involuted, branched or had thickened ends appeared
in older cultures (Figure 2). No microcysts were demonstrated by the method
of Dworkin and Gibson (1964).
The ultrastructure of two

psychrophil strains, 5H3-81 and 1 44a,

was examined to determine if pill or fimbriae exist on the cell surface. Cells of
strain 5H3-81 from broth and strain 1 44a which has two distinctly different
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colony types (entire and spreading) were negatively stained with sodium
phosphotungstate and examined by transmission electron microscopy
(Figures 3, 4 and 5). No pill were found associated with any of the strains

examined. The outer surface of negative stained

psychrophila cells had

the granular, crenated, rough appearance previously reported for other
cytophagals (Follett and Webley, 1965; Humphrey et al., 1979; Strohl and Tait,

1979). In addition, vesicular tubular structures similar to those observed on

the surfaces of Cytophagajohsonae (Follett and Webley, 1965) and

Flexibacter.,. (Humphrey et al., 1979) were evident on the surface of both
psychrophil, strains. Based on chemical studies, Humphrey et al. (1979) felt
these tubular structures were extensions of the outer membrane. Mesosomes
which were extensively described by Pate and Ordal (1 967a) in Flexibacter

columnaris were also observed in negatively stained SH3-81 cells (Figure 6).
Cells of strain 1 44a were fixed with glutaraldehyde and prepared as
described by Rohovec and Amandi (1981), sectioned and observed by

transmission microscopy. Sectioned cells reveal a typical gram-negative cell
envelope with a convoluted outer membrane, dense layer (peptidoglycan)

and not so easily discerned plasma membrane (Figure 7). Several vesicular
tubules are also evident. The convoluted, wavy appearance of the outer
membrane is common for the cytophagal bacteria (Follett and Webley, 1965;
Pate and Ordal, 1967b).

The morphology of

.psychrophila, cells in a skin and muscle lesion of

a naturally infected juvenile coho salmon was observed by SEM (Figure 8-9).
Figure 8(A) shows an overview of the entire lesion (about 3.5 x 4.5 mm)

located on the lateral side just above the ventral fin. The lesion is typical of
most seen with BCWD in which a "scooped-out" ulcer of skin and muscle
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Figure 1.

Photornicrograph of SH3-81 cells from a 24 hr. broth culture

stained with crystal violet (approximately 625x).

Figure 2.

Photomicrograph of SH3-81 cells from a seven day old broth
culture stained with crystal violet and showing pleomorphic forms
(approximately 625x).

Figure 3.

Electron micrograph of

.

psychrophila strain SH3-81 whole cells

negatively stained with phosphotungstic acid. Note the extensive
vesicular tubular structures (arrow) on the cell surface

(Bar=1 urn).
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Figure 4.

Electron micrograph of negatively stained 144a

.psychrophi!a

cells from spreading type colonies on Cytophaga, agar. Note
crenated, granular surface of cell walls (Bar = 1 urn).

Figure 5.

Electron micrograph of negatively stained 144a

.psychrophila,

cells from entire type colonies on Cytophaga, agar. Note rough
surface of certain cells and presence of vesicular tubular
structures (Bar = 1 urn).
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Figure 6.

Electron micrograph of negatively stained SH3-81

psychrophila

cells. Note extensive mesosomes (indicated by arrow) and
surface structures (Bar = 0.5 urn).

Figure 7.

Electron micrograph of ultrathin section of

psychrophila, strain

144a. Note wavy convoluted outer membrane (OM), dense layer
(DL) and plasma membrane (PM), (Bar = 0.5 urn).
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Figure 8.

Scanning electron micrograph of skin and muscle lesions

associated with bacterial cold-water disease. Preparations were
from naturally infected juvenile coho salmon.
Overview of entire BCWD lesion on lateral-ventral body
showing "scooped-out" ulcer appearance (20x).
Edge of lesion showing the progression from unaffected skin,
partially eroded skin and muscle tissue dissolution (50x).
Scattered cells of the causative agent of bacterial cold-water
disease in the subdermal area (800x).
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Figure 9.

Scanning electron micrographs of the interior portion of a bacterial

cold-water disease lesion in a juvenile coho salmon.
Aggregates of cells of the causative agent of bacterial
cold-water disease in deteriorated muscle tissue of a lesion
(1 500x).

Microcolony of

psychrophila cells on a lesion of the

muscle tissue (3000x).

Cells of

psychrophila in the interior of a muscle lesion.

Note granular, rough surface of bacterial cells (1O,000x).
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occurs. The rough deteriorated condition of the muscle tissue is evident. The
edge of the lesion is seen in Figure 8B showing intact skin on the right,

erosion into the subdermal area and deteriorated muscle deep in the lesion.
Examination of the edge of the lesion at higher magnification reveals many
rod-shaped cells typical of

psych rophila (Figure 8C). At this location in the

lesion, there does not appear to be clumps of aggregating cells. In contrast,

within the deteriorated muscle tissue of the lesion massive aggregates or
microcolonies of

psychrophila, were found (Figures 9A and 9B).

Examination of the cells in these microcolonies at 10,000 x magnification
(Figure 90) did not reveal the existence of pili but many cells exhibited the

granular rough surfaces seen in negatively stained cultured cells. The
dimensions of

sychrophiIa, cells in the lesion of the naturally infected fish

were 2.0-2.5 urn long x 0.3 urn wide. This is somewhat smaller than observed
with cells grown in culture media.

Motility

Gliding type of motility was demonstrated for all strains except NY3-82.

Microscopic observations of young cultures of NY3-82 on agar plates or by the
hanging drop method failed to demonstrate motility.

Cultural Characteristics

Cytophag, agar (Anacker and Ordal, 1959) is the most commonly
used medium for isolation of

psychrophila, from diseased fish. In recent

years, investigators have recommended several new formulations for growth
of cytophagals. Growth of the 33 strains in this study was compared on CA

and five other media. On CA many strains produced bright yellow, raised
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convex colonies with a thin spreading irregular edge (Figure 10). Other
strains on primary isolation, produced almost exiusively entire convex yellow
colonies (Figure 11) or a mixture of the two types. As reported by Christensen

(1977) peripheral spreading was increased by lower nutrient levels and
higher surface moisture. Strains exhibiting the entire type of colony were
more difficult to disperse for slide agglutination reactions.
Shieh, modified Cytophaga, agar, Hsu-Shotts and TYE agar all gave

good growth for all the strains tested. Colonies were bright yellow generally
entire with no spreading margins on Hsu-Shotts and modified Cytophaga
agar. On Shieh medium, some strains exhibited the typical peripheral
spreading. Generally, limited growth was observed on Tryptic Soy Agar and
Lewin's medium.

Certain strains including 23107, 23108, 6-162 and SRL differed
consistently in colony morphology on most media. Each of these grew very

well on Tryptic Soy Agar. Strains 23107 and 23108 produced a more orangeyellow colony color; 6-162 and SRL consistently displayed a flatter, more
spreading colony type.
Selected liquid media were compared to Cytophaga, broth for growth of

psychrophila, strain SH3-81. Best growth was obtained with Shieh,
modified Cytophaga and TYES broth (Figure 12). Tryptone yeast extract

produced good growth but only after a significant lag period. The least

amount of growth was noted in Cytophaa and C7 broth. The calculated
doubling time and maximum attained optical density for each medium were

determined (Table 4). Shieh and TYES broth produced the most rapid growth
rate with a doubling time of about two hr. Greatest maximum optical density
occurred with TYES broth.
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Figure 10.

Photomicrograph demonstrating colony morphology of strain

SH3-81 showing the raised convex center and thin spreading
periphery on Cytophaga, agar (approximately 8x).

Figure 11.

Photomicrograph demonstrating colony morphology of strain
144a showing the entire convex colony type on Cytophaga agar
(approximately 8x).
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Figure 12.

Growth of Cytophaga osvchrophila isolate SH3-81 in selected
liquid media on a shaker culture at 17CC as measured by
determination of optical density.
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Table 4. Doubling time and greatest optical density obtained for Cytpphaga,
psychrophil, strain SH3-81 grown in various liquid mediaa.

Medium

.Replicate

Cytophaga,

Modified
Cytophaga

Shieh

TYEb

TYESC

C7C

a

b
C

d

Doubling time (hr)

Maximum optical
density at 525nm

1

3.47

0.48

2

2.87

0.58

1

2.25

1.30

2.16

1.30

1

2.02

1.30

2

2.00

1.40

1

6.22

1.40

2

5.40

1.40

1

2.09

1 .49

2

2.09

1.45

1

3.78

0.66

2

4.72

0.65

Nephelo culture flasks containing media placed on a gyratory shaker at
200 rpm at 17°C for 70 hours.
Tryptone yeast extract.

Tryptone yeast extract plus salts (MgSO47H2O and CaCl2.2H20)
Cyt Medium (Reichenbach and Dworkin, 1981).
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The viable cell count versus absorbance measured as optical density at

525 nm was determined for SH3-81 (Figure 13). This was done to provide a
curve from which approximate cell numbers could be estimated in broth

cultures at a specific absorbances. This was useful in preparation of inocula
for fish challenge experiments.

Environmental Characteristics

For most strains, growth in TYES broth tubes occurred from 50230C,
23 strains grew at 250C and only five grew at 30CC (Table 5). Strains 23107,
23108, 6-162, SRL and NY3-82 were distinctly different in that they grew at
30CC. The remaining strains all grew at 230C but only 18 of 28 grew at 25CC.
Of the six strains from juvenile coho salmon with classic BCWD, three grew

only slightly at 25°C and three failed to grow at this temperature. Pacha
psychrophila, strains he studied grew at 23°C but not

(1968) reported

30CC. Of 24

psychrophila strains studied by Holt (1972) only two grew at

250C.

The effect of temperature on growth rate was examined for strains SH3-

81 and NCMB 1947 (Figure 14). Using a temperature gradient incubator,
generation time was shortest at 1 50C and increased for cultures incubated

above or below this temperature. Generation times of 20-26 hr. were
observed at 30C
All strains grew in TYES broth containing either 0.0, 0.5, or 1.0% NaCI,

however, only strains 23107, 23108, NY3, 6-162 and SRL grew in the

presence of 2.0% NaCI. All strains were aerobic and none grew on CA in an
anaerobic atmosphere.
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Figure 13. Viable cells of SH3-81 versus optical density at 525nm
in tryptone yeast extract broth at 170 C.
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Table 5.

Effect of incubation temperature on growth of cytophagal strains in
TYES brotha.

Temperature (°C)
Strain
SH3-81
BC3-81
NN7-81
84-254
144a
NCMB 1947

23107

5

17

23

++
++
++
++
++
-

++
++'
++
++
++
++
++
++

+
+
+
+
+
+

+V.S.0
-

+

-

++
++

++
++

++

+
+
+
+
+
+
+
+

+

23108
MCi K-85
Ch8-80

SHSC0II-86
BH1-81
SH7-81
BFB3-86
BC13S-86
SRCo12K-86
THOF1-86
BCOF1 9-86
THM9-86
MHChS6-81
ChChS1 9-85
BHURB-86
SRChF8-81
NH67
6-162

NB2-79

CCC6-86
KHRb2-85
BFRbG3-84
SRL
NY3-82
RbS6-82
NS3-87

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
+
+
++
++

++
++
++
++
++
++

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

25

30

37

+v.s.

-

+
+
+
+

+
+

+v.s.
+v.s.
+v.s.
+
+
+v.s.
+
+
+

+

-

++

++
+
+
++
++
+
-

+
+

+
+
++
+
+
+

-

++
-

++
-

a Duplicate tubes were inoculated with one drop of actively growing broth
culture, incubated at appropriate temperatures and observed for growth
after four and seven days.
b ++ = indicates turbid growth, + = definite growth, but not turbid,
- = no growth
C v.s. = very scant growth
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a NCMB1947
a SH3-81
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Figure 14. The effect of temperature on the generation time of strains
SH3-81 and NCMB1 947 in tryptone yeast extract broth.
Each point is the mean of duplicate tubes.
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Biochemical Tests,

With the exceptions of strains 23107, 23108, NY3-82, 6-162 and SRL,

all reacted similarity in biochemical tests (Table 6). For this reason, these
strains which included those from fish with classic BCWD were for

convenience placed together and referred to as group 1. The results obtained
are similar to those reported by Pacha (1968). These data indicate that they
are actively proteolytic but are unable to degrade simple or complex

carbohydrates. Degradation of elastin, the only characteristic in which group
1 strains differed, was observed in two of 28 strains. None of the group 1
strains degraded tyrosine or tributyrin which differs from results reported by

Pacha (1968). Pacha (1968) noted that tyrosine decomposition was a
variable reaction and all strains tested hydrolyzed tributyrin. All group 1
strains were catalase positive by both methods tested and cytochrome

oxidase negative, did not produce H2S, indole, or acetyl methyl carbinol.
They failed to grow in 1% Casamino acids broth or on 0.01% sodium lauryl
sulfate (SLS) in TYE agar, and did not utilize citrate as a sole carbon source.
They did not contain flexirubin pigments.
Strains 23107, an isolate from garden soil, and 23108, an isolate of
psychrophila, obtained from E. J. Ordal (University of Washington, Seattle,

Washington) were considered by Lewin and Lounsberg (1969) to be similar.
They referred to both as Flexibacter aurantiacus. In this study, both strains

were identical but quite different from group 1 strains and were therefore
placed in group 2. The results obtained for these two strains are similar to

those obtained by Lewin and Lounsberg (1969) except carboxymethyl
cellulose was not degraded and 23108 did hydrolyze starch

.

Group 2

differed from group 1 in their ability to degrade starch, chitin and tyrosine;
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Table 6.

Biochemical characteristics of the cytophagal strains used in this study.
Results

Characteristic

Group ia

Degradation of:
Agar
Cellulose
Carboxymethyl
cellulose
Starch
Casein
Gelatin
Albumin
Elastin
Collagen
Chitin
Tyrosine
Tributyrin

Growth in broth:
1% Tryptone
1% Casamino acids
Koser Citrate

NY3-82

6-162

SRL

+

-

+

+

+

+
+
+C

+
+

+
-

+
+
+

+d

+
+
+
+
+

+

+
+

+
+
+
+
+
+

-

Carbohydrate utilization:
Glucose oxidized
Glucose fermented
Lactose oxidized
Sucrose oxidized
Production of:
Ammonia
Hydrogen sulfide
Catalase
Cytochrome oxidase
Indole
Acetylmethyl
carbinol

Group 2b

d

+

+

d
+
+

+
-

+

+

+

+d

+

+
+
+

+

+
-

+
+

+

+
+
+

+

-

-

+

+

+

Other tests:
Methyl red

+

-

Nitrate reduction
Presence of
fiexirubin

+

Growth on 0.01%
Sodium lauryl sulfate

+

d

+

+

+

+

Lysis of dead cefis of:

EscherichiçIj

+

+

+

+

+

+

Aeromons
jwdroohil

a Group 1 is Qpsvchroohila strains including: SH3-81, BC3-81, NN7-81,
84-254, 144A, NCM81947, MCIK-85, CH8-80, SHSCo11-86, BH1-86, SH7-81,
BFB3-86, BC13S-86, SRCo12K-86, THOF1-86, BCOF19-86, THM9-86,
MHChS6-81, CHChS19-85, BHURB-86, SRChF8-81, NH-67, NB2-79,
CCC6-86, KHRb2-85, BFRbG3-84, RbSS-82 and NS3-87.
b
Includes Flexibacteraurantjacus strains ATCC 23107 and 23108.
C
Two isolates in group 1, i.e. NH67 and NS3-87 were positive.
d
Very slow reaction.
e
Denitrification reaction observed.
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oxidize and ferment glucose, grow in 1% Casamino acids broth and in the

presence of 0.01% SLS. They did possess flexirubin pigments. Obviously,
strain 23108 is considerably different from the group 1 strains and the

.

psych rophila, strains studied by Pacha (1968).

Strains NY3-82, 6-162 and SRL were not placed in group 1 or 2, but
were listed individually. These strains gave different reactions from group 1

and group 2 and amongst themselves. Strain NY3-82 did not degrade as
many proteins, only casein and collagen, did not oxidize and ferment glucose,

was cytochrome oxidase positive, produced indole and did not lyze dead
bacterial cells. Strain 6-162 was similar to group 2 in utilization of starch,
casein, gelatin, collagen, chitin and tyrosine, grew in the presence of 0.01%

SLS and possessed flexirubin pigments. However, this strain did not degrade
albumin, but did degrade elastin, did not oxidize or ferment glucose, and used

citrate as a sole carbon source. Strain SAL differed from all others in ability to
degrade agar, oxidize not only glucose but also lactose and sucrose and
denitrified nitrate.

Antibiotic Susceptibility
Group 1 cytophagals which included the BCWD strains displayed a
homologous susceptibility pattern quite different from group 2 and the
remaining three isolates (Table 7). Antibiotics for which group 1 cytophagals

were susceptible include: ampicillin, chloramphenicol, erythromycin, oxolinic
acid, and oxytetracycline. Oxytetracycline incorporated in fish diet is
commonly used at fish hatcheries to control BCWD and interestingly two of 28
strains in group 1 were resistant to this antibiotic.
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Table 7. Antibiotic Sensi-Disc susceptibility of the cytophagal strains used in this studya.

Susceptibility of each cytophagal groupb
Group 1

Group 2

NY3-82

Ampicillin (10 mcg)

S

R

R

Bacitracin (10 units)

R

R

Chloramphenicol (30 mcg)

S

R

Erythromycin (15 mcg)

S

I

Gentamicin (10 mcg)

R

R

Kanamycin (30 mcg)

R

R

Neomycin (30 mcg)

R

A

Oxolinic acid (2 mcg)

S

R

R

Oxytetracycline (30 mcg)

S

I

I

S

Polymixin B (300 units)

R

R

A

R

R

Romet25d

R

A

A

R

R

Streptomycin (10 mcg)

Re

R

I

R

R

Tobramycin (10 mcg)

R

A

R

R

R

Antibiotics (amounts)

R

R

R

G-162

R

R

R

R

R

R

I

R

A

A

R

R

R

R

a BBL Sensi-Disc placed on Cytoohag agar plates previously inoculated with a
culture as described in Bauer, et aI. (1966) and incubated for 4 days at 17°C.
b Susceptibility ranked arbitrarily according to zone of inhibition as follows:
resistant (R) 0-5 mm zone, intermediate (I) = 6-12 mm zone,
susceptibility (S) - 13 mm zone or greater.
C All group 1 cytophagals were susceptible to oxytetracycline except for two
strains which were resistant.
d Romet 25 is combination of ormetoprin 1.2 mcg and sulfadimethoxine 23.8
mcg.

e Ten of 28 group 1 cytophagals exhibited intermediate inhibition.

SRL
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DNA Base Composition

The DNA of 13 selected group 1 cytophagals melted at relatively low

temperatures, approximately 65°C in 0.lx SSC (Table 8). The G+C content
for strains of group 1 ranged from 33.2-35.3 mol %, and averaged 34.3%.

Group 2 strains, 23107 and 23108, had an average G+C of 36.5 mol % and
strain NY3-82 was 37.5 mcI %. The G+C mcI % obtained in this study for

23107 and 23108 are higher than the values reported by Lewin and
Lounsberg (1969) of 31.5-32.0 mol % for these same strains. This is
assuming that those kept at the American Type Culture Collection are indeed

the same. The reason for this discrepancy is unknown. As a comparison, the
G+C content for E columnaris DD3-69 was determined to be 32.1 mol %
which is in thö range reported for this species by Song (1986).

Plasmid Content
Twenty of the cytophagal strains were examined for plasmid content

using a rapid alkaline extraction procedure (Birnboim and Doly, 1979). Eight
strains, all members of group 1 cytophagals, were found to contain one or two

plasmids (Table 9). Examples of a

psychrophjJ, strain with one plasmid

(SH3-81) and two plasmids (BC7-81) are shown in Figure 15. Presence of
plasmids have been observed in other bacterial fish pathogens (Toranzo et
al., 1983) but not in cytophagals from diseased fish. Only one report of
plasmids in the genus Cytophaga was found (Gregory and Staley, 1982).

Serological Characteristics
Slide agglutination method using antiserum prepared with cytophagal
strain SH3-81 cells was conducted with each strain to determine if they
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Table 8. Thermal denaturation (TM) and guanine plus cytosine (mol %GC)
values for certain cytophagal strains included in this study.

Strain

SH3-81

84-254
144a

TM of
Cytophagals

65.70
64.23
65.76
64.30
65.57
64.91

NCMB 1947

66.03
64.81

23107
23108

67.60
65.78
66.66
65.81

MC1K-85

SHSC011-86
SH7-81
THOF1-86

MHChS6-81
BHURB-86

NH67
NB2-79
KHRb2-85

NY3-82

Flexibacter
Columnaris
DD3-69

a Escherichi

65.96
65.08
64.73
64.98
65.40
65.37
65.79
65.12

TM
QJi WP2a

74.12
73.01

74.19
73.27
74.12
73.01
74.19
73.27
74.19
73.27
74.16
73.36
74.12
73.01
73.21

Mol%
GC of cytophagalsb

34.2
33.5
34.2
33.2
34.0
34.9
34.8
34.2
37.9
36.1
36.1

36.0
34.8
35.2
34.1

73.34
74.16
73.36
74.16
73.36

34.4
33.6

64.71
64.46
65.01

73.21

34.1

73.34

64.84
65.64
65.12
65.66
64.34
65.15
64.64

73.34
74.12

34.0
34.7
34.1

73.21

73.01

74.19
73.27
73.21

67.21
66.70

73.34
74.16
73.36

63.87
63.49

73.34
73.00

jWP2 is standard with %GC of 51.0.

b Calculated using equation of Mandel et al. (1970)

%GCx =%GCjj 1.99(TMx-TM)

35.1

34.3
34.6

34.1

35.3
34.0
33.2
35.0
34.4
37.2
37.8
32.2
32.1

79

Table 9.

Examination of cytophagals for plasmid DNAa.

Strain

Number of
plasmids detected

Strain

Number of
plasmids detected

SH3-81

1

BHURB-86

0

NH67

0

84-254

1

6-162

0

144a

1

NB2-79

0

NCMB1947

1

CCC6-86

1

23107

0

KHRb2-85

0

23108

0

MC1K-85

2

SAL

0

NY3-82

0

SHSCo11-86

0

NS3-87

1

SH7-81

1

THOF1-86

0

MHChS6-81

0

a Determined by modification of rapid alkaline extraction procedure
(Birnboim and Doly, 1979).
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Figure 15. Detection of plasmids in Cytophag, psychrophila, strains using a
rapid alkaline extraction procedure. Lane A, molecular weight
standard Lambda DNA/Hind Ill fragments, size indicated in

kilobase pairs.; Lane B, strain SH3-81 showing one plasmid; Lane
C, strain BC7-81 showing two plasmids.
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possessed common antigens. All 28 strains of group 1 cytophagals reacted to
form either large or small aggregates of cells and no reaction occurred with

normal serum and saline controls. The group 2 strains, i.e. 23107 and 23108
or the three isolates which gave different biochemical and growth results did
not react with SH3-81 antiserum.

Immune serums were prepared against seven selected cytophagal
strains. The agglutinin titers of the immune serums when reacted with their

homologous and heterologous antigens as determined by the macroscopic
tube agglutination procedure are shown in Table 10. Cells from six strains
(SH3-81, NH67, 144a, MCi K-85, NB2-79, 84-254) representing group 1
cytophagals were typical of isolates obtained from fish with BCWD during

epizootics. All agglutinated with immune serum against themselves and each
other. Strain 23107, however, reacted only at a very low level with antisera
against the other six strains and cells from these six did not react with 23107

antiserum. Cells of 23108 did not agglutinate with any of the group 1 immune
serums but did react to a titer of 1:1280 with 23107 serum.

To determine if differences in antigenic composition could be detected
between SH3-81 and other strains from which sera were prepared, reciprocal

absorption procedures were conducted. Separate aliquots of SH3-81
antiserum were absorbed with one of the antigens and then tested with each

cell antigens by the macroscopic tube agglutination method. Each of the other
antisera were absorbed with SH3-81 cells and then reacted with its

homologous antigen or SH3-81 cells. No distinct serological difference was
evident between strains SH3-81 and 1 44a or 84-254 (Table 11). Strain
23107 appears to be serologically unrelated to all other strains tested. Strains
NH67, MCIK-85, and NB2-79 failed to absorb all the antibodies in the SH3-81

Table 10. Agglutination titera of rabbit immune sera prepared against seven cytophagal isolates and reacted with
homologous and heterologous antigens.

Bacterium (antigen)
Antiserumb

SH3-81

NH-67

144a

MC1K-85

NB2-79

84-254

SH3-81

640

1280

1280

320

1280

2560

0

NH-67

80

320

320

80

640

640

20

320

640

1280

320

1280

1280

20

80

320

320

320

320

320

0

NB2-79

160

640

640

80

640

640

20

84-254

160

640

1280

160

1280

1280

40

0

0

0

0

0

20

1280

144a
MCi K-85

23107

23107

a The titer was defined as the reciprocal of the highest serum dilution containing readily detectable cell
agglutination in the macroscopic agglutination procedure.
b Each antiserum is designated by the culture number which was used as the antigen in the preparation of the
immune serum.

Table 11. Serological comparison of cytophagal strains with absorbed antiserum by determining agglutination titera.
Agglutination titer when tested with cells
Absorbing
Antiserumb

cells

SH3-81

Unabsorbed
SH3-81
NH-67
144a
MC1K-85
NB2-79

NH-67
144a

84-254
23107
Unabsorbed
NH-67
SH3-81
Unabsorbed
144a
SH3-81

MCi K-85

N82-79

84-254
23107

Unabsorbed
MC1K-85
SH3-81
Unabsorbed
NB2-79
SH3-81
Unabsorbed
84-254
SH3-81
Unabsorbed
23107
SH3-81

NH-67

144a

MC1K-85

640

1280

1280

320

1280

0

0
0

0

0

320

0

0

320

320
160
0

0
0
0
0
0
0

1280

320

SH3-81

80
0
160

80
0

0
0

640
320

1280
640

0

160

NB2-79

0

0

640
0
0

1280

84-254

23107

2560
20
320
20
1280
320
80
2560

20
0

0
0
0

0
0
0

0

640

1280
0

0

0

320

640

0

320

0

320
0

640
0
320

640

1280

0
0

20

0

1280
0

0

a The titer was defined as the reciprocal of the highest serum dilution containing readily detectable cell
agglutination in the macroscopic agglutination procedure.
b Each antiserum is designated by the culture number which was used as the antigen in the preparation of the
immune serum.

640
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antiserum and conversely SH3-81 cells failed to absorb all the antibodies in
the NH67, MCIK-85 and NB2-79 antisera. Antiserum against SH3-81
absorbed with MCIK-85 cells and reacted with NH67 cells still contained

antibodies suggesting that NH67 and MCIK-85 differ serologically. Halt
(1972) demonstrated that NH67, a New Hampshire BCWD strain, had
antigen(s) in common and distinct from

psychrophil, Oregon strains. The

Oregon isolates had one or more distinct antigens that NH67 did not have.
Pacha (1968) had not reported any serologically differences of strains of Q..

psychrophiI, from the Northwest. From this study, it appears there are
psychrophila, serotypes which occur in New Hampshire, Michigan and Alaska
which share antigens with Oregon strains, but are also different from the

Oregon strain. Many more strains will have to be examined before the
significance of geographical location and serotype is determined.

Electrophoresis Q1 Cellular Proteins

The electrophoretic patterns of whole-cell proteins from 16 cytophagal

strains in this study are compared in Figures 16 and 17. The protein bands for
group 1 cytophagals in Figure 16, lanes B, C, F-I and Figure 17, lanes B, D-H

all show a generally similar pattern although variations in intensity or absence
of a few bands may occur. For example, strain NH67 in Figure 16 appears to
lack one or more bands that other group 1 strains show. The protein pattern of

strains 23108 and 23107 (lane 0 and E, Figure 16) and NY3-81 (lane C,
Figure 17) are quite different from the group 1 strains.
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Figure 16.

Sodium Dodecyl sulfate-polyacrylamide gel electrophoresis of
cellular proteins extracted from selected cytophagal strains in this

study. Lanes A and J are prestained SDS molecular weight
standard markers (Sigma), molecular weights indicated in
kilodaltons; Lane B, 84-254; Lane C, NH-67; Lane D, 23108;
Lane E, 23107; Lane F, MCIK-85; Lane G, NCMB 1947; Lane H,
144a; Lane I, SH3-81.
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Figure 17.

Sodium Dodecyl sulfate-polyacrylamide gel electrophoresis of
cellular proteins extracted from selected cytophagal strains in this

study. Lane A is prestained SDS molecular weight standard
markers (Sigma), molecular weights indicated in kilodaltons.;
Lane B, NB2-79; Lane C, NY3-82; Lane D, SHSCo11-86; Lane E,
BHURB-86; Lane F, SH7-81; Lane G, THOF1-86; Lane H,

MHChS6-81; Lane I, KHRb2-85.
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Cellular Fatty Acid Composition
The fatty acid composition of gliding bacteria is dominated by oddnumbered, iso or anteiso-branched fatty acids (Fautz et aL, 1979; Ogaizu and

Komagata, 1981). Fatty acids of this type are rarely found in aerobic gramnegative bacteria but are very common in gram-positive species (Kaneda,
1977). Another pecularity of the fatty acid pattern of certain gliding bacteria is
the presence of substantial amounts of hydroxy fatty acids (Fautz et at., 1979).

Different groups of gliding bacteria seem to have their own special fatty acid
pattern with the characteristic differences usually in the hydroxy acid fraction
and therefore fatty acid pattern may be used as a systematic lead (Fautz et at.,
1981).

Fifteen strains from this study were submitted to Microbial ID, Inc.,

Newark, DE, for whole cell fatty acid analysis. Chromatograms of cellular fatty
acids for the 15 strains are shown in Appendix figures 1 A, 2A, 3A and 4A.

Strain SH3-81 was submitted as two different strains providing a control to
evaluate consistency of the results. The quantitative fatty acid data for each
strain are presented in Table 12. The fatty acid composition of the BCWD

representatives and others of group I all of which are considered to be

psychrophil were similar to each other. Strains 23107, NY3-82 and Q,.
johnsonae (ATCC 29585) had distinctly different profiles from group 1
cytophagals. The most prevalent fatty acid for group 1 and the three different

strains are summarized in Table 13. For

psychrophila (group 1), the most

prevalent fatty acids were iso C15:1 G(32.1%), iso C17:1 F(21.2%), iso 015:0

(11.0%), iso 30H C17:0 (8.1%) and iso 30H 015:0 (6.8%). These are all isobranched chain fatty acids with or without a hydroxl group. These findings in
general are similar to the description of fatty acid composition that Oyaizu and

Table 12. Cellular laity acid composition of 15 selected cytophagais.
Fatty acidsa

8113-81

SH3.Slb NCMB 1947

144a

MCIIC-85

*167

84-254

2.3
1.6
1.7

12

1.8

1.0

1.1

1.7

1.6

Straight chain
acids

15:18

1,&

15:0

1.5
1.4

16:1 cIs9

1.5
1.5
1.5
-

2.8
2.3

1.6

1.2

2.0

0.9

1.3

1.7

1.2

-

.

16:0

0.5

0.7

1.2

1.2

U.?
1.3

0.6
0.6

1.2

17:IC
17:16
18:16

-

.

.

1.7

2.1

1.8

2.1

2.2

-

-

-

0.8

1.8

1.3
-

16:IC

-

-

-

1.7

.

0.9
1.0

-

.

13:01
13:Oa

0.8

0.9

0.9

-

-

-

-

14:0

1401
15:1 10
15:1 aA

1L01
150 a
16:1 IH
16:01
17:1 IF
17:1 aC

17:1 aBorlt

29.9
2.4
9.0
2.3
1.6
0.7
23.5
1.8
0.8

.

-

-

30.4
2.6
10.0

31.7

33.4

1.8
10.3

3.1

22

31.2
1.8

35.5

-

14.5

13.0

13.2

2.4
1.9

5.1

3.6

1.4

1.4

1.3

3.8
1.6

1.1

0.9

1.1

-

-

23.7

21.6
0.9
0.7

13.2
1.2

17.3

3.1

1.6

-

-

1.1
-

18.9
1.6

-

150130H
15:0 3011

160130H
1&0 3011

-

6.6

7.1

0.8

.

-

0.8

.

17013014

9.4

8.1

17:0 20H

1.6

-

-

.

-

6.3

7.4

-

7.3
-

1.7

2.7

1.3

0.5
4.2

.

-

-

1.3

1.1

0.7

-

-

26.3
1.8
10.0
7.8

2.0
1.6
21.9

2.2
.

1.8

1.4

0.7

.

8.4

8.4

-

-

7.6
.

-

8.3
1.7

-

1.4
8.1
1.4

2.2
5.9
9.8

-

2.4

34.6
2.0
11.9
2.9
1.7

-

-

18.2
26.6

5i

19.7
1.3

2.1
12.8
1.3

.

0.7

6.9
0.9
7.4
-

1.9
1.7
1.7
-

5.7
5.4
2.7

1HOFI-86

1.1

2.1

10
.

2.0

.

-

2.5
3.0
6.4
-

.
8.0
2.3
5.2

-

31.2
2.0
9.9
2.1

1.6
1.5
23.2
1.5
0.9

.

8.3
-

.
1.8

1.6
1.0
1.3
.

.

2.6

-

-

1.0

1.3

-

349

SHSCo1I-86 BHURB-86

1.7
1.9
1.6
.

1.4

1.0
1.6
.

.

-

1.5

2.0

2.2

0.8

0.9

-

.

-

10.4
1.6

35.0

2.0

10.0
3.1
1.2

11.0
2.3
1.4

10.4
2.4
1.8

1.8
10.4
2.1
1.2

22.7

-

-

8.3

21

.

296

7.2

1.1

0.9
0.7

33.8
1.7

2.1
.

2.4
2.9
16.2

.
1.1
.

2.9

-

7.2

MHChS6-81

0.9
1.5

0.8

0.7
8.1

.

1.0

-

0.6
22.3
4.6

-

1.8
1.7

0.9
1.2
7.1

5117-81

2.2
.

0.8
4.8
0.9
2.0

42
-

-

6.0

.
7.8

.

1.1

Hydroxy acids
150 120H

15020H

-

23107

0.7

.
-

NY3-82

0.8

Branched-chain
adds

1201

N82-79

0.8

22.3

24.1

1.1

1.7
1.0

-

.
6.4
0.8
8.1

23.3
1.0

21.5
7.1

2.0
1.7
4.6
-

0.6

0.5

7.2

6.8

8.1

1.1

0.6

-

7.8

5.4
1.6
7.6

-

8.2

-

a Nunter before the colon Indicates th nun6er of carbon atoms, and the punter after refers to nunter of double bonds; llndlcates a methyl branch at the lao caibon atom and a Indicates that the methyl branch Is at the antelso carbon,
2 or 3 OH indicates an hydroxyl group at the 2 or 3 carbon from the carboxyl end of the chain; cia 9 refers toan unsaturated fatty acid with the double bond at carbon nuntet 9 and hydrogens In a cia conformation; caplol
letters A, 6,0, F, 6, H, I refer to a specific fatty acid In which location of the double bond Is unknown.
b Subnftled for analysis with a ditferent strain punter designation as a control.
C ATCC 29585.

d Nunters refer to percent of total laity acid;- indicates not detected.
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Table 13. Comparison of fatty acids most prevalent in selected cytophagal strains
examined in this studya.
Cytoph age,

Group ib
fatty acidsd

15:1/G
17:1iF

23107
%

fatty acids

%

fatty acids

johnsoriae9
%

fatty acids

%

22.3

15:Oa

26.6

15:0!

21.5

16:lcis9
17:0i30H

9.8

15:0/

16:lcis9

16.2

8.1

8.0

15:1/G
15:0/30H
17:0130H

10.4

15:0/30H
15:1/G

17:1/F
16:0130H
17:0/30H

18.2
12.8

32.1

15:0/

21.2
11.0

17:O/3OH

8.1

15:Oi3OH

6.8

15:01

NY3-82

7.1

5.7
5.4

8.1

7.6

a Includes five most prevalent fatty acids determined by gas chromatography.

b Group 1 includes the mean values for fatty acid composition of 12 strains: SH3-81,
NCMB-1947, 144a, MCIK-85, NH67, 84-254, NB2-79, THOFI-86, SH7-81, MHChS681, SHSCo11-86, BHURB-86.
C

johnsonae ATCC 29585.

d Number before the colon indicates the number of carbon atoms, and the number after
refers to number of double bonds; / indicates a methyl branch at the iso carbon atom,
and a indicates that the methyl branch is at the anteiso carbon; 2 or 3 OH indicates an
hydroxyl group at the 2 or 3 carbon from the carboxyl end of the chain; cis 9 refers to
an unsaturated fatty acid with the double bond at carbon number 9 and hydrogens in
a cis conformation; capitol letters F and G refer to a specific fatty acid in which location
of the double bond is unknown.
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Komagata (1981) attributed to members of the genus Cytophaga. They

concluded the major components for cytophagas were iso-branched-chain
acids of iso Cl 5:0 and iso Cl 7:1, anteiso-branched-chain acids of a Cl 5:0,
and iso-branched-chain hydroxy acids of iso 2-OH C15:0, iso 3-OH 015:0,

and iso 3-OH Cl 7:0. The high amount of monounsaturated branched fatty
acid iso 015:1 found in

psychrophil, has not been demonstrated in other

cytophagals; however, Fautz et aL, (1981) reported an unclassified marine

cytophaga-like bacterium (Sy 126) to have iso 015:1 fatty acid (- 20%), iso

015:0 (22%), 3OH iso 015:0 (20%) and 30H iso 017:0 (16%).
The fatty acid composition of

aurantiacus 23107 and

,

johnsonae

(29585) were similar; i.e., the same fatty acids were most prevalent, however,

concentrations differed. Similar results for these two species were reported by
Liebert et al. (1984). Strain NY3-82 was distinctly different from all others
tested here but contained major fatty acids seen in cytophagals.

Virulence .f Selectec Cytophagal Strains

Coho Salmon

Twenty-two selected strains were compared for their ability to produce

disease in yearling coho salmon. The challenge dosage per fish varied from
1.3-9.4 x

cells but with most strains about 2.8 x iO7 cells were injected

subcutaneously. The percent mortality caused by each strain varied from 0100% and the cytophagals were recovered from most of the fish that died

(Table 14). Any correlation among isolates transferred substantially on

artificial media and virulence is unclear. Strains such as CH8-80 and CCC686 which caused no loss had few passages on culture media. No mortalities
were produced by the

aurantiacus strains (23107 and 23108) or the lake

trout strain, NY3-82. Many of the group 1 strains isolated originally from
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Table 14.

Effect of subcutaneous injection of viable cells of selected cytophagal
strains into yearling coho salmona.

Strain

Number of
cells injected (x107)b

Percent mortality
replicates combined

SH3-81

3.7

96

84-254
144a

3.3

0

3.1

0

NCMB1 947

2.7

98

23107
23108
MCIK-85
CH8-80
SHSCO11-86

2.9

0

2.7

0

1.3

92

1.6

0

2.6

100

SH7-81

2.8

88

BC13S-86
THOF1-86
MHCHS6-81
BHURB-86
SRCHF8-81
NH67
NB2-79
CCC6-86
KHRb2-85
BFRbG3-84
NY3-82
RbS6-82
Control

5.6

53

2.6

94

2.7

54

2.1

2.4

90
12

2.3

0

2.1

98

9.4

0

2.6

0

2.7

0

3.2

0

1.4

0

0.0

0

Percent mortality
from which cytophagal
bacteria recovered
100.0

97.9

100.0
98.0
100.0
100.0

97.9
96.3
100.0
83.3
97.9

a Each strain was injected into two separate groups of 25 Sandy Hatchery coho
salmon (mean weight 28g).

b Cell numbers were determined by the spread plate method on Cytophaga agar.
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different disease conditions caused typical signs of BCWD pathology with
mortality. High percent mortality was observed with certain classic BCWD
strains (SH3-81, NCMB 1947 and NB2-79), yearling coho (MCIK-85),
deformed coho (SHSC01 1-86 and SH7-81), isolates from mature adult coho
salmon (BC13S-86 and THOFI-86) and yearling chinook salmon (MHChS6-

81, BHURB-86 and SRChF8-81). The variation in virulence among strains is
similar to that reported with E columnaris (Pacha and Ordal, 1967). Also, as
reported for E columnaris, there probably is no correlation between virulence
and serological characteristics.
Those fish which died early in the experiment, i.e. after 3-4 days, had

necrosis and hemorrhaging at the site of injection. Later in the experiment,
the skin necrosis had progressed to open lesions with extensive involvement
of the muscle tissue. In addition to the necrosis of the skin, external signs

included occasional hemorrhaging at base of fins or on the gill covers and
anemic appearing gills. Internally, there was much petechial hemorrhaging of

the heart, liver, pyloric cacae, adipose tissue, air bladder and occasionally the

inner body wall. This internal pathology has been observed in naturally
infected fish in Oregon and was also reported by Otis (1984) in experimentally
infected steelhead trout.

Summary

Characterization Study,

The results obtained in this characterization study show 28 of 33 strains
to be

psychrophila. These 28 strains referred to as group 1, gave very

similar results in nearly all tests performed while the E aurantiacus strains
(23107 and 23108) and three others (6-162, NY3-82 and SRL) were

consistantly different from

psychrophila. Some of the principal differences
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between

.

psychrophil, and .E. aurantiacus are summarized in Table 15.

Presence of flexirubin pigments, growth at 30CC and utilization of certain

compounds can be easily tested to differentiate these species. Additional
differences were demonstrated by serology, fatty acid composition and SDS
electrophoresis of cellular protein.

Based on the characteristics determined in this study, Cytophag,
psychrophil should be considered a distinct species and retained in the

genus Cytophag as defined by Reichenbach and Dworkin (1981). This
bacterium has charactenstics different from all cytophagals presently
described in either the Cytophaga and Flexibacter genera (Leadbetter, 1974).
DNA hybridization studies are needed to further substantiate this.
The

aurantiacus strains, strains 6-162 and SRL are probably

Cytophag-like bacteria requiring further characterization to determine their
taxonomic position. Strain NY3-82 did not exhibit gliding motility, therefore, it
may be a F!avobacteriuni.

Cytophacja psychrophila j Sexually Mature Adult Salmon

Several investigators have suspected eggs contaminated with
psychrophila were the source of this bacterium in certain epizootics of BCWD

(Borg, 1960; Schachte, 1983). Sexually mature adult coho salmon have been
found to harbor this bacterium on their skin and in kidney and liver tissue
(Holt, 1972). There are no reports of the examination of sex fluids, i.e., ovarian
fluid and milt for presence of this bacterium.

During the fall spawning season of 1985, tissue samples were
collected and cultured for presence of

psychrophila from sexually mature

adult fall chinook or coho salmon at three different hatcheries (Table 16).
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Table 15.

Comparison of selected characteristics of Cytophaga,
psychroph ila and Flexibacte r au rantiacus strains.

Characteristic

psychrophila,a

Growth at 30°C
Growth in presence of:
2% NaCI
1% Casamino acids
0.01% SOS

E aurantiacusb
+

-

-

Degradation of:
Starch
Chitin
Tyrosine
Elastin

-

Acid production from glucose

+
+
+

+

Flexirubin pigments
Antibiotic susceptibilityd
(ampicillin, chioramphenicol,
erythromycin, oxolinic acid)
G+C content
(mol %)

a Represents results from 28

+
+
+

-

+

S

R

343e
psychrophila strains.

b Results from ATCC strains 23107 and 23108.

C Two strains of 28 were positive.

d S = susceptible; R = resistant.
e Represents mean G+C content of 13

psych rophila, strains.

36.5

Tablel 6. Isolation of cytophagal bacteria identified as Cytophaga psychrophil from mature coho and fall chinook salmon adults at several
Oregon fish hatcheries.
Fraction of tissues found to be
positive for psychrophilC
Fish
hatchery

Date fish
sampleda

Salmon River October 29, 1985
November 7, 1985
November 14, 1985
November 20, 1985
Trask River

Big Creek

November 5, 1985
November 12, 1985

Species of
salmon
Fall chinook
coho
coho
coho

coho
coho

Number of
fish sampled
and sexb
kidney

spleen

Tissue
ovarian
fluid

3/20
0/6

2/20
0/6

10/20

5M
10 F

1/10

N0

0/10

8M

ND

ND

17 F

3/17

ND

3M

ND

ND

13 F

3/13

ND

3M

ND

ND

25 F
25 M

12/25
4/25

ND
3/25

17/25

2SF

9/25
1/20

2/25
3/20

5/25

20 F

20M

Total percent of adults
found to contain
Q.. psychrophila

milt

skin
mucous

1/5

ND

0/8

ND

1/3

ND

2/3

ND

46.2
66.7

4/25

0/5
ND

76.0
40.0

-

0/5

1/20

ND

52.0
25.0

5/5
1/5

6/17

0/5

4/13

215

75.0
16.7

20.0
0.0
41.2
33.3

a All fish sampled were sexually mature.
b F = Females, M = Males

C Samples of tissue from the kidney and spleen were streaked on Cytophag agar. Ovarian fluid, milt and skin mucous were diluted 10 1 to 1 3 in
phosphate buffered saline and inoculated on Cytophaga agar using the spread plate method. Plates were incubated at 17 °C for at least 7 days,
then observed for typical colonies of .. psychrophila. Colonies were subcultured and presumptively identified as Q,. psychrophil when a positive
slide agglutination reaction was observed with rabbit anti-a psychrophil serum.
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Cytophagpsychrophil was identified by isolation of the bacterium on culture
medium and reaction of resulting growth with rabbit anti-psychrophila,
serum. For further confirmation, five isolates (two from ovarian fluid, THOF186 and BCOF19-86; one from milt, THM9-86; one from spleen, BC13S-86;

and one from kidney SRC012K-86) from adult salmon were included in the
characterization study and based on the test results, these isolates were
identified as

psychrophila. Cytophaga psycrophiia was found in both

male and female adult chinook and coho salmon. The bacterium was isolated
from skin mucus, kidney and spleen tissue, ovarian fluid and milt. The
incidence of the bacterium in female salmon ranged from 20-76% and in
males from 0-66%. In this survey, 110 ovarian fluid samples were collected
and

psychrophila was identified in 38%. Actual number of Q.psychrophila

cells in ovarian fluid cannot be accurately reported but in some cases

essentially all bacterial growth obtained from the ovarian fluid appeared to
have typical

psychrophil colony morphology. Estimated levels of these

colonies ranged from 0 to 5.8 x 1

to be much fewer numbers of
Presence of

cells/mi of ovarian fluid. There appeared
psychrophila cells in milt.

psychrophil, in large numbers in the sexual fluids

shows this bacterium is associated with salmonid eggs and provides a means
for vertical transmission to occur. High numbers of Renibacterium
salmoninarum, agent of bacterial kidney disease, in the ovarian fluid of adult
salmon have been correlated with their presence in the yolk of eggs (Evelyn et

al., 1984). Similar possibilities exist for

psychrophila to be on or within the

egg and this should be investigated.
Adult salmon were shown to carry

. psychrophil in their tissues but it

is not known if these fish were carriers during their salt water phase or
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became infected on entry into freshwater. It was observed during this study

that adults which had only recently entered freshwater had lower incidences
of

psychrophiIa while those held for an extended time prior to spawning

seemed to have a much greater incidence. This suggests the adults are
probably infected when they return to freshwater.

Developmentf., Method

Infect Salmonids

Before experiments could be conducted to determine the effect of water

temperature on progress of infection and ta measure the protection afforded
by various vaccine formulations, a reliable reproducible method of infecting

fish was needed. In this study, waterborne and injection challenge methods
were tested.

Waterborne Challenge
In this test, groups of 25 juvenile coho salmon with or without a fresh
wound (adipose fin clip) were exposed for 10 mm. to TYE broth cultures of Q.
psychrophila, (strain SH3-81) diluted to either of two different cell

concentrations (approximately 5 x 106 cells/mI and 7 x i08 cells/mI).
Although BCWD infections were obtained by this challenge method, it did not
provide a reliable means to obtain similar mortality among similar treatment
groups (Table 17). At the 5 x 106 cell/mI exposure level, from 24-48% of the

fish died while at 7 x 108 cells/mI only 8-44% died. No real difference in time
of death was observed between challenge levels. Exposure of coho salmon
with a fresh adipose fin wound to diluted broth culture did not differ greatly in
mortality from those with no wound. A low level of BCWD was diagnosed in
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Table 17. Infection of juvenile coho salmon by exposing fish to water containing diluted broth culture
of Cytoohaga osychroohil.

Percent of
fish positive for
Groupa

Treatment

Percent loss

pychroohiIab

1

10 mm

dip, 4.9 x 106 cells/mic

48.0

91.7

2

10 mm

dip, 4.7x 106 cells/mIC

24.0

83.3

3

Remove adipose fin, 10 mm. dip 4.9 x 106 cells/miC

45.8

100.0

4

Remove adipose fin, 10 mm. dip 4.7 x 106 cells/mIC

31.8

85.7

5

10 mm

dip, 9.0 x 108 cells/mid

16.0

100.0

6

10 mm

dip, 7.1 x 108 cells/mid

8.0

50.0

7

Remove adipose fin, 10 mm dip, 9.0 x 108 cells/mid

44.0

90.9

8

Remove adipose fin, 10 mm dip, 7.1 x 108 cells/mId

17.4

75.0

9

Control, remove adipose fin, 10 mm dip, 100 ml

sterile broth + 900 ml H20
10

4.3

0.0

Control, remove adipose fin, 10 mm dip,

200 ml sterile broth + 800 ml H20
12

100.0

Control, 10 mm dip, 100 ml sterile broth +

900 ml H20
11

8.0

12.0

100.0

Control, 10 mm dip, 200 ml sterile broth +

800 ml H20

0.0

0.0

a 25 coho salmon juveniles/group, mean weight 0.7 g.
b Kidney and/or lesion material was inoculated onto Cytophag, agar and plates were examined for typical
colonies of . psychroohil after 4-7 days at 17°C.
C Cell concentration of
osvchroohiI obtained by diluting 100 ml of 0.03 optical density (O.D.) at 525 nm
lYE broth culture with 900 ml of tank water.

d Cell concentration of Q,, psychrophil obtained by diluting 200 ml of .31 O.D. 525 nm lYE broth culture
with 800 ml of tank water.
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control groups which received the adipose fin clip, but were not
experimentally challenged to

.

psych rophila.

Injection Challenge Method,
Injection of

psychrophiIa cells into juvenile coho salmon by

subcutaneous, intramuscular and intraperitoneal routes was compared by
determining 50% lethal doses by the method of Reed and Muench (1938).
The LD50 values are listed in Table 18. Cytophaga, psvchrophila was

recovered from 90.2-97.4% of all fish which died in each replicate. There was
considerable variation in LD50 values between each replicate for each route.
The mean LD50 by the subcutaneous (11.4 x 1
(82 x 1

cells) and intramuscular

cells) routes were similar. Many more cells (134 x 104) were

required to kill 50% of the fish injected intrapentoneally than by the other
routes. The subcutaneous and intramuscular routes may represent a more
natural means of infection and takes advantage of proteolytic characteristics of

the pathogen. The subcutaneous route was chosen for subsequent
experiments because it could easily be administered even to very small fish.

Virulence of Three Cytophaqa psychrophila Strains
To compare the virulence of three BCWD strains, the LD50 values for

juvenile coho were determined (Table 19). The mean of the replicates show
SH3-81 (5.4 x

cells) required fewer cells to kill 50% of the fish when

compared to the other two strains (BC3-81, 14.4 x 1
cells).

cells; NN7-81, 26 x 1

ytophaga psychrophila, was recovered from 90-100% (depending on

replicate) of the fish which died in this experiment.
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Table 18.

Comparison of various routes of injection of viable Cytoohag psychrophil
cells into coho salmon juvenilesa

Route

Subcutaneous

Replicate

1

2
Intramuscular

1

2

Intraperitoneal

1

2

LD50b

Percent of dead fish
psvchroohiIa
from which
was recovered0

16.0 x

95.7

6.9 x

96.0

11 .0 x 1 4

95.8

5.3 x

97.4

87.0 x

93.9

180.Ox iO4

90.2

a Sandy Hatchery coho salmon at 8.0 g/fish were placed 25 fish/tank, and tour ten-fold
dilutions of cells suspended in phosphate buffered saline were injected subcutaneously
at 0.05 mI/fish.
b LD5Q determined by the method of Reed and Muench (1938).
C Kidney tissue of dead fish was placed on Cytooha
agar; plates incubated for 4-7
days at 17 0C, then examined for colonies typical of , psychrophila.
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Table 19.

Comparison of LD50 values of three Cytophaga. psychroohila, isolates which
were isolated from juvenile coho salmon during cold-water disease epizootics
at three different fish hatcheries in Oregona

Isolate

Source

SH3-81

Sandy Hatchery

BC3-81

NN7-81

Big Creek Hatchery

Nehalem Hatchery

Replicate

LD50b

Percent of dead
fish from which
psychrophila
was recoveredC

1

6.9 x 10

100.0

2

4.0x105

100.0

1

6.8 x iü

96.3

2

22.Ox iO

90.7

1

26.0 x iO

100.0

2

26.Ox

94.9

a Sandy Hatchery coho salmon at 9.0 g (mean weight) per fish were placed in four
tanks (25 fish/tank) for each LD50 treatment. Each group in a tank received an
0.05 ml subcutaneous injection of one of four 10 fold dilutions of a phosphate
buffered saline suspension of a strain of
psvchrophila.
b LD5O calculated by method of Reed and Muench (1938).

C Kidney tissue was placed on Cytophaga agar, plates incubated for 4-7 days at

17°C, then examined for colonies typical ofpsvchrophil.
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Effect g[ Water Temperature

Progress Q.t Infection

Borg (1960) first referred to the

,

gychrophil, infection of coho

salmon as low temperature disease because unlike various other bacterial
diseases which become more prevalent at higher temperatures this disease
occurred when water temperatures were low (3-1 00C). Since then infections
of this pathogen have also been observed in fish held at water temperatures
near 150C (Rucker et al., 1953). The objective of the experiments reported
here were to establish more precisely the effect of temperature on mortality
and on the rate of progress of fatal infections.

Juvenile Coho Salmon
In Table 20 the combined data from two parallel experiments with
juvenile coho salmon infected with

9sychrophiI strain SH3-81 show that

mortality approached 100% in the temperature range of 3-1 50C. As the
temperature increased above 1 50C, mortality declined progressively; was

78% at 180C, 63% at 210C and 2% at 23°C. Dead fish had external and
internal signs of pathology similar to those described. Necrosis of skin and
muscle was noted on most all dead fish. Cytophaga, psychrophila, was
isolated from 86-100% of infected fish that died at 3-210C, and was not

recovered from the one fish that died at 23°C. Losses from

psychrophila

had stopped by day 14 and all survivors were sacrificed and kidney cultures

prepared on day 20. One group at 230C had 23 survivors from which a few
colonies of

psychrophila appeared on culture medium from two fish. One

control fish at 30C when cultured revealed a few

psychrophita colonies,

however, no control fish died from BCWD during the experiment. The mean
time from infection to death was shortest for fish that died at 15°C (Table 20)

Table 20.

Effect of water temperature on mortality of juvenile coho salmon experimentally infected with

Cytophaga psychrophiI.

Water
Temp
(°C)

23
21
18
15
12
9
6
3

Fraction of each group that dieda
Replicate 2
Replicatel
Infected Control Infected Control

1/23
12/23
19/24
25/25
25/25
23/25
25/25
24/25

0/24
0/24
0/23
0/25
0/24
0/25
0/24
0/25

0/23
18/25
19/25
25/25
25/25
24/24
21/24
22/23

0/22
0/24
0/25
1123e

0/24
0/25
0/25
0/25

Percent mortality
2 experiments combined
Infected
Controls

2.2
62.5
77.6
100.0
100.0
95.9
93.9
95.8

0
0
0
0
0
0
0
0

Percent of dead fish
from which

psychrophil recoveredb
Infected

Controls

0
87
87
98
100
100
98
100

0
0
0
0
0
0

0
0

Mean time from
infection to death
in daysC

N.D.d
5.5
3.7
2.8
4.1
4.1

5.9
8.6

a Duplicate lots of 25 fish (mean weight 4.4 g/fish) in each infected group were injected subcutaneously
psvchrophila at each of the indicated water temperatures and held for 20 days.
with 4.0 x 106 cells of
b Dead fish were collected daily, necropsied and cultures made from kidney tissue.
C Mean time from infection to death was determined for the combined infected groups at each temperature and
includes only fish from which Q.. psychrophiI was recovered.
d N.D. not determined because no dead fish occurred from which Cytophag psychrophila was recovered at this
temperature.
e Mortality due to fish jumping out of tank.
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and increased progressively from temperatures of 18 and 210C and from
1 20C down to 30C.

Juvenile Rainbow Trout
In juvenile rainbow trout as with coho salmon, the percent mortality was

greatest (77-96%) in the range 3-150C (Table 21). At temperatures above
1 5CC, losses were much reduced, 38% at 18CC, 8% at 21 0C and 0% at 23CC.

All dead fish were examined and

psychrophila was recovered from most

dead fish that occurred at 3-210C (75-100%). The shortest mean time from
infection to death occurred at 120C (3.7 days) and was the longest (9.5 days)

at the coldest water temperature tested (30C). The last dead fish occurred on

day 16 and the expenment was terminated on day 20. One sacrificed fish of
eight at 30C and one of three in an infected group at 120C were positive for

,

psychrophila.

Juvenile Sprinq Chinook Salmon
The results (Table 22) of paired experiments conducted with juvenile

spring chinook salmon were similar to those obtained with rainbow trout as
the greatest percent losses (78-97%) occurred at the lowest temperature
tested (6-1 50C). Water temperature cooling equipment failure precluded the

use of 300 groups in these experiments. At temperatures above 1500, the
percent mortality decreased progressively from 42% at 18°C to 4% at 21 and

23°C. Cytophag psychrophil was recovered from most (85-100%) of the
dead fish at 6-150C but from only 38% of those at 18CC. A caudal fin erosion
disease (not BCWD) commonly seen in chinook salmon after they are brought
into the laboratory environment caused about 4% loss in the control and

Table 21.

Effect of water temperature on mortality of juvenile rainbow trout experimentally infected with Cytophaga

psyclirophil.
Percent of dead fish
Water
Temp
(°C)

Fraction of each group that dieda
Replicatel
Replicate 2
Infected Control Infected Control

23

0/25
0/25
8/25
15/25
23/25
24/25
21/25
23/25

21

18
15
12
9
6
3

0/25
0/23
0/24
0/25
0/25
0/25
0/25
0/25

0/23
4/25
11/25
23/24
23/26
24/25
24/26
18/26

1/25
0/24
0/25
0/25
0/25
0/24
0/25
0/24

Percent mortality
2 experiments combined
Infected
Controls

0.0
8.0
38.0
77.5
90.2
96.0
88.2
80.4

from which Q..

psychrophila recoveredb
Infected
Controls

2

0

0

75
90
100
98
98
96
98

0
0
0
0
0
0

0
0
0
0
0
0
0
0

Mean time from
infection to death
in daysC

N.D.d
N.D.d
3.9
4.3
3.7
4.0
5.5
9.5

a Duplicate lots of 25 fish (mean weight 3.5 g/fish) in each infected group were injected subcutaneously with 4.0 x 106 cells
of
psychrophil at each of the indicated water temperatures and held for 20 days.
b Dead fish were collected daily, necropsied and cultures made from kidney tissue.
C Mean time from infection to death was determined for the combined infected groups at each temperature and includes
only fish from which
psychrophila was recovered.
d N.D. not determined because no or few dead fish occurred from which Cytophag psychrophil was recovered at this
temperature.

Table 22.

Effect of water temperature on mortality of juvenile spring chinook salmon experimentally infected with

Cytophag psychrophil.

Water
Temp
(°C)

23
21

18
15
12
9
6

Fraction of each group that dieda
Replicatel
Replicate 2
Infected Control Infected Control

1/25
1/24
11/26

21/25
24/25
23/24
24/25

0/25
1/25
3/25
2/25
2/25
1/26
0/25

1/24
1/25
10/25
18/25

23/25
24/24
24/25

2/25
1/25
4/25
0/25
0/25
0/25
0/25

Percent modality
2 experiments combined
Controls
Infected

4.1
4.1

42.0
78.0
94.0
97.9
96.0

4.0
4.0
14.0
4.0
4.0
2.0
0.0

Percent of dead fish
from which .
psychrophila recoveredb
Infected
Controls

0
0

38
85
98
100
100

0
50e

14°
0

50°

iooe
0

Mean time from
infection to death
in daysC

N.D.d
N.D.d
6.7
5.7
5.0
6.0
7.8

a Duplicate lots of 25 fish (mean weight 7.7 g/fish) in each infected group were injected subcutaneously
with 6.2 x 1 6 cells of . psychrophila at each of the indicated water temperatures and held for 21 days.
b Dead fish were collected daily, necropsied and cultures made from kidney tissue.
C Mean time from infection to death was determined for the combined infected groups at each temperature and
includes only fish from which . psychrophila was recovered.
d N.D. not determined because no dead fish occurred from which Cytophaga psychrophil was recovered at this
temperature.
8 Dead fish in the control group at 9, 12, 18 and 21°C all had severely eroded caudal fins; a few colonies of
psychrophil were recovered on the Cytophag agar plates incubated from kidney or spleen samples for one
fish at each of these temperatures.
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experimental groups. At 18°C, 14% of the control fish died from this condition.

Cytophag psychrophila, colonies were obtained on plates inoculated from
some of the fish with fin erosion signs.

The mean time to death from infection was shortest (five days) in the

infected groups held at 120C which is similar to results obtained with the

rainbow trout. As in previous experiments, the mean time to death was longer
at 1 80C (6.7 days) and at temperatures below 120C; six days at 9°C and 7.8

days at 60C. The last fish with a classic BCWD open skin and muscle lesion

died on day 18. The experiment was terminated after 21 days and the
survivors examined for

,

psychrophila, by culture. Few

psychrophila

colonies were recovered from five of 23 control fish at 120C and from one of

seven fish in an infected group at 1 50C. No viable cultures of

psychrophil

were obtained from other survivors.

Yearling Coho Salmon
The effect of water temperature on infection by

psychrophila in two

different yearling coho salmon stocks (Salmon River and Sandy River
Hatcheries) was tested using the same experimental design described

previously. The results shown in Table 23 and 24 are similar to each other
and to those obtained with juvenile coho salmon. With Salmon River coho,
highest mortality occurred in the range 7-15°C and decreased progressively
at 18°C (16%) and 210C (8%). At 23°C, 12% of the infected groups died but
Q.. psych rophila, was not recovered from any of these fish, also none had

typical BCWD skin and muscle lesions. Colonies typical of motile
aeromonads were recovered from many of these fish. In the Sandy River

Table 23.

Water
Temp
(°C)

23
21
18
15
12
9
7

Effect of water temperature on mortality of yearling Salmon River coho salmon experimentally infected with
Cytophaçia psychrophil.

Percent mortality
Fraction of each group that dieda
2 experiments combined
Replicate 2
Replicatel
Controls
Infected
Infected Control Infected Control

4/25
0/25
5/25
9/25
7/25
10/26
11/24

0/25
3/25
0/25
0/24
0/25
0/25
0/25

2/25
4/25
3/25
11/25
11/25
8/25
9/25

0/25
0/25
1/25
0/25
0/25
1/25
0/25

12d
8
16
40
36
35
41

0
6
2
0
0
2
0

Percent of dead fish
yielding cultures of

p
Infected

0

50
62
95
100
100
100

1lb
Controls

0
0
0
0
0
0
0

Mean time from
infection to death
in daysC

N.D.e
9.0
8.2
7.0
8.2
10.8
14.7

a Duplicate lots of 25 fish (mean weight 15.6 g/tish) in each infected group were injected subcutaneously with
6.0 x 106 cells/fish and held for 26 days at the indicated temperatures.
b Dead fish were collected daily, necropsied and cultures made from kidney tissue.
C Mean time from infection to death was determined for the combined infected groups at each temperature and
includes only fish from which C. p ychrophila was recovered.
d Motile aeromonads were recovered in cultures from these fish.
e Not determined because no Cytophag psychrophila recovered from dead fish. Only fish demonstrated to be
psychrophik were included in the mean time to death calculations.
infected with

Table 24. Effect of water temperature on mortality of yearling Sandy River coho salmon experimentally

infected with Cytophag psychrophiI.

Water
Temp

(°C)
23
21
18
15
12

9
6

Fraction of each group that dieda
Replicate 2
Replicatel
Infected Control Infected Control

0/25
0/25
14/26
18/25
23/25
24/25
26/26

2/25
0/25
0/25
0/25
0/24
0/25
0/25

0/25
1/25
11/25
20/25
23/25
23/25
25/25

0/25
0/24
0/25
0/25
0/25
0/25
0/25

Percent mortalityb
2 experiments combined
Infected Controls

0
2

50
76
92
94
100

4
0
0

Mean time from
infection to death
in daysC

0
0

.N.D.d
N.D.d
6.0
5.6
6.4
7.8

0

10.1

0

a Duplicate lots of 25 fish (mean weight 35.3 g/fish) In each infected group were injected subcutaneously
with 2.4 x 107 cells/fish and held for 26 days at the indicated temperatures.
b Colonies typical of Cytophaga psychrophila were obtained from all infected fish when samples of tissue
from kidney, spleen and lesion were placed on Cytophaga agar. No cold-water disease bacteria were
recovered from control fish which has been inoculated with 0.05 ml of phosphate buffered saline
subcutaneously.
C Mean time from infection to death was determined for the combined infected groups at each
temperature and includes only fish from which , psychrophila was recovered.
d Not determined because none or few fish died of cold-water disease at these temperatures.
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coho salmon (Table 24),the highest mortality occurred at 6-150C (76-100%),
and decreased progressively at higher temperatures to 50% at 1 80C, and 2%

at 21 0C. No losses occurred in the infected groups at 23°C.
The mean time from infection to death was shortest at 1 50C for both

yearling coho salmon stocks similar to the findings with juvenile coho salmon.
As before, mean time to death increased at temperatures above and below

1 50C reaching the longest time at 60C for the Sandy River coho and 7C for
the Salmon River coho (10.1 and 14.7 days) respectively.

Control

Bacterial Cold-water Disease

Water Temperature

Adjusting water temperature upward to control BCWD was successful
in one study involving juvenile coho salmon (Rucker et al., 1953) but failed to
prevent BCWD in coho salmon alevins in another (Wood, 1974). From the
effect of temperature experiments previously described, mortality due to

BCWD was decreased substantially at water temperatures above 180G. An
experiment was conducted to determine if upward adjustment of water supply

temperature would prevent deaths from BCWD. Losses of experimentally
infected juvenile steelhead trout were compared among groups continuously

held at 120C with groups in which the water supplywas changed to 22°C. As
shown in Table 25, replicate groups of infected steelhead maintained at 120C
had a combined mortality of 95.9% while groups receiving 22°C water at time
0 (immediately after infection) suffered no losses. The longer infected fish
were maintained at 1 20C before being exposed to 220C water the higher the
percent mortality observed (24 hr. at 120C, 4% loss; 48 hr. at 1 20C, 48% loss

and 72 hr. at 1 20C, 86% loss). Cytophaa psychrophila, was recovered from
dead fish in infected groups kept at 120C, and from those held at 120C for 24,

Table 25. Control of cold-water disease in experimentally infected juvenile steelhead trout by increasing water supply
temperaturea.
Infected groups
inoculated at
time 0b

Time after challenge
when water temperature Fraction of fish that died
was adjusted to 22°C
Replicate 1 Replicate 2

1

kept at 12 0C

2

0

3
4
5

24 hr.
48 hr.
72 hr.

24/25
0/24
2/25
14/25
19/25

Percent loss of

combined replicates

Percent of dead fish from
which
psvchrophil
was obtained in culturec

23/24
0/26
0/25
10/25
24/25

95.9
0.0
4.0
48.0
86.0

100

0/25
0/25
0/26

2.0
2.0
0.0

0
0
0

0

50
83
98

Controisd
1

2

3

kept at 12 0C
0
72 hr.

l/25e
1,25e
0/25

a On day 10 the water temperature of all groups exposed to 22°C water was returned to 12 0 C and kept at this temperature
for 19 more days.
b Duplicate lots of 25 fish (mean weight 30.6 g/fish) were injected subcutaneously with 6.6 x 10 7 psychrophil cells per fish.
C Dead fish were collected daily, necropsied and cultures made from kidney tissue.
d Each control received 0.05 ml of sterile phosphate buffered saline subcutaneouly.
0 Both contol fish were found to have a damaged eye and no bacteria were recovered on cultures.
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48 and 72 hr. The pathogen was not recovered from control fish injected with

sterile PBS. By day ten, losses in all groups had ceased and the water
temperature to those groups receiving 220C water was decreased back to
120C, then fish were held for 19 more days. Only three fish died in the
infected groups after being returned to 1 20C water and

psych rophil, was

recovered from only one fish (group no. 4 moved to 22CC after 48 hr.). This
experiment demonstrated that death from

psychrophila infection could be

prevented by holding fish at 22°C for ten days. If the infection had progressed
too far, however, for example, in those held at 120C for 48 or 72 hr. before the

fish were exposed to 22CC water, then losses were severe. Infected fish in
early stages of the disease were benefited by the water temperature change
and after ten days when the temperature was decreased back to 12CC
infections did not recur.

Vaccination

Coho Salmon Against Cytophaga psychrophila

Vaccination of fish to prevent diseases such as vibriosis and enteric red
mouth, caused by Vibrio anguitlarum and Yersinia ruckeri respectively, has
proven safe and effective (Fryer et al., 1976; Amend and Johnson, 1981). Otis
(1984) suggested that toxoids of

psychrophiIa should be investigated to

determine if they could provide protective immunity. Several different bacterin
delivery methods have been tested in fish. The best protective immunity using
ruckeri bacterin was obtained by intraperitoneal injection followed by direct

immersion and the spray method (Johnson and Amend, 1983). Fish size at
vaccination is another factor which influences success of immunization
(Johnson et al., 1982a). Best protection has been obtained in fish one gram
or larger. The objectives of this study were to determine if fish could be
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protected against

.psychrophil, by vaccination using the injection and

immersion methods.

Vaccination f Yearling CohQ Salmon
Intraperitoneal injection of FCA and formalin-killed cells of
psychrophil provided complete protection in yearling coho salmon against a
subcutaneous injection challenge of 8.6 x 1

virulent

psychrophil, cells

when compared to 43% loss in control groups (Table 26). This experiment
also demonstrated that vaccination by the immersion method resulted in lower
losses (11 %) compared to controls. The data in this and all vaccination tests

were analyzed by logit regression and maximum likelihood setup to establish
if there were significant differences in the probability for a fish dying in a given
treatment. In this experiment, all treatments were different from each other at
P=O.008 for a two sided test. The injectable and immersion bacterin groups
were significantly lower than the controls (P<O.005) for a one-sided test.

Mortality occurring after the challenge were necropsied and

psychrophit were recovered from all fish. Survivors were cultured at
termination of the experiment and no fish were found to contain this pathogen.

Vaccination

Selected Sizes

Coho Salmon,

Epizootics of BCWD occur in a wide range of fish sizes from alevins to

yearlings. Table 27 shows examples of the month and size when coho
salmon suffered BCWD epizootics at three Oregon fish hatcheries in 1985. At
these hatcheries fish at 0.5-2.3 g were affected by this pathogen and in all
cases medicated food was administered to control BCWD, frequently requiring

multiple therapeutic schedules. Although estimated losses due to BCWD
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Table 26.

Efficacy of formalin-kifled Cvtoohag psvchroohil bacterin when
administered to yearling coho salmon by immersion or
intraperitoneal injection with Freunds Complete Adjuvant.a

Treatment

Controls
Replicate

1

Fraction of
fish that diedb 17/50

Intraperitoneal injection
of adjuvant + bacterin

2

1

26/50

0/50

2

0/50

Immersion in bacterin
for 60 seconds
2

1

5/50

6/50

Combined

%Loss

43

0

11

a Duplicate lots of 50 fish each (mean weight 27.2 g/fish) per treatment
were challenge 53 days after vaccination with 8.6 x I
cells/fish.

b After challenge, the groups were monitored for fish loss over 36 day period.
Kidney, spleen and lesion was sampled for , psychrophila, by inoculating
Cytoohag agar plates and incubating them at 170 C for 7 days.

Table 27. Bacterial cold-water disease epizootics in juvenile coho salmon in three Oregon fish hatcheries during the
Spring of 1985.

Hatchery

Klaskanie Hatchery

Big Creek Hatchery

Siletz Hatchery

a Oxytetracycline

Month when
bacterial cold-water
(BCWD) disease
epizootic diagnosed

Size of
fish (g)

February
March
April

0.5
0.9-1.0
1.3-1.6

3.2

February
April

0.5
1.5

2.9

January

0.4

1.2

March
May

1.2

1.5

2.3

0.4

Estimated
percent loss
due to BCWD

0.2
1.2

1.1

Treatment

Oxytetracyclinea in the diet
Oxytetracycline in the diet
Oxytetracycline and Rometb
in the diet
Oxytetracycline in the diet
Oxytetracycline in the diet
Oxytetracycline in the diet as
prophylaxis
Oxytetracycline in the diet
Oxytetracycline in the diet
disease prophylaxis

Terramycin (TM-50) fed at 79.0 mg oxytetracycline kg fish/day.

b Romet is a combination of ormetoprim and sulfadimethoxine and is administered at 50 mg/kg fish/day.
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were not excessive at any location, the administration of medicaments and the
added labor to remove dead fish from ponds are important factors related to

the occurrence of this disease. Obviously, much higher losses would have
occurred if the medication had not been administered. The April, 1985 loss at
Kiaskanine Hatchery from BCWD was 3.2% which in actual numbers was
52,000 dead fish.

Vaccination with other bacterial fish pathogens has been most
successful when fish are at least one gram or larger.

The objectives in this

study were to determine if coho salmon at 0.5, 0.9, 1.5 and 4.1 mean weight

could be protectively immunized against

psychrophila.

Groups of coho salmon at 0.5 g vaccinated by (1) immersion in diluted
formalin-killed cells, (2) intraperitoneal (IP) injection of FCA + PBS (control),
(3) IP injection of FCA+ formalin-killed cells, and (4) unvaccinated saline
(controls) were compared by challenging with virulent, viable

psychrophila,

cells injected subcutaneously. Four challenge concentrations were tested to
maximize detection of differences in treatment groups and the entire test
repeated once in additional groups of fish. In Table 28, the FCA plus cells

gave good protection at all challenge levels and was significantly lower than
the unvaccinated controls at P<0.005. Injection of FCA plus PBS and
immersion provided a slight reduction in loss compared to controls. The FCA
plus PBS and immersion percent mortality were signficantly lower than the
controls at P=0.001 5 and 0.015 respectively. No significant difference was
noted between the FCA plus PBS and immersion groups.
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Table 28. Cumulative percent loss of control and vaccinated 0.5 g juvenile
coho salmon challenged with Cytophag psvchrophil after 30 days.

C hallengea
(Cells per fish

Controib

ImmersionC Adjuvantd

Adjuvant + celise

Test 1.

6.3 x 105
6.3 x 104
6.3 x 103
6.3 x 102

95.5

80.9

57.1

59.1

40.9
28.6.

22.7
40.9

100
66.7
77.3
27.3

95.4
54.5
27.3
18.2

68.8
62.5
12.5
6.2

0

6.2
0
0

Test 2.

1.3x 106
1.3 x 105
1.3 x 104
1.3 x 103

81.2
66.7
28.6
20.0

7.1

13.3
0

6.2

a Each group of fish received the appropriate number of viable psychrophila
cells by injection of a 0 02 ml volume of phosphate buffered sahne plus cells
subcutaneously. Each control and immersion group consisted of 22 fish each
and each adjuvant or adjuvant + cells group had 16 fish. Colonies typical of
Qpsychrophil were recovered on Cytophac agar from all fish that died. The
experiment was terminated after 15 days.
b Unvaccinated control fish received a 2 mm. dip in water without cells.

c Vaccinated by immersion in 0.32 Absorbance 525 nm of formalin-killed
Q. psychrophil, cells and water for 2 minutes.
d Each fish received 0.02 ml intraperitoneal injection of Freunds Complete
Adjuvant and phosphate buffered saline 50:50 mix.
e Each fish received an 0.02 ml intraperitoneal injection of equal 50:50 mix of
Freunds Complete Adjuvant and formalin-killed
psvchrophila cells
(9.5 x 109/ml).
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Potency of a vaccine can be expressed in terms of the relative percent
survival (RPS) as shown by Amend (1981):

RPS = 1

% vaccinate mortality

X 100

% control mortality

The RPS expresses a proportional relationship between vaccinates and

controls. Differences in vaccinates and controls can be statistically significant
yet the vaccine not provide satisfactory protection in field trials. Amend (1981)
found that fish with RPS values less than 60 had a short duration of immunity

and were poorly protected in field trials. Therefore, a RPS of 60 was adapted
as an acceptable potency test. Criteria for the potency test are control
infection rate must be greater than 60% at one of the challenge concentrations

and the vaccinate less than 24%. Based on results shown in Table 28 the
RPS values for the FCA plus

..

psychrophila cells injected IP at selected

challenge concentrations was 100. This vaccination method which gave
nearly 100% protection clearly was effecive and showed fish could be
protectively immunized against

.

psych rophila.

The remaining experiments which evaluate fish. size and success of

vaccination against

psychrophila involve the. immersion method only.

Results for 0.9 g coho salmon vaccinated and challenged with four different
concentrations of

psychrophila are shown in Table 29. At all challenge

levels the replicate combined percent loss of vaccinates was 10-22% lower
than the control. The immersion groups were significantly lower (P=0.005)
than controls in the one-sided test.

Table 29.

Vaccination of 0.9 g juvenile coho salmon by immersion in formalin-killed cells of Cytophag
psychrophila and separate groups challenged with four different concentrations of viable virulent
psychrophil after 31 days.

Challenge dosea
(cells per fish)

Controib
Fraction of
fish that died
Replicate
Combined
percent lossd
1
2

Vaccinated by ImmersionC
Fraction of
fish that died
Replicate
Combined
percent lossd
1
2

1.4 x 106

20/25

22/25

84

16/25

21/25

74

1.4x 10

18/25

15/25

66

10/25

11/25

42

1.4 x 1

10/25

15/25

50

7/25

9/25

32

1.4 x iO3

10/25

11/24

43

5/25

9/25

28

a Duplicate lots of 25 fish for each treatment and each challenge dose were injected subcutaneously
with 0.03 ml of cells in phosphate buffered saline per fish. The experiment was continued for 15 days.
b Sham vaccinated by dipping for 2 minutes in water without cells.

C Fish were vaccinated by immersion for 2 minutes in formalin-killed cells of
to 0.32 optical density at A525nm in water.

psychrophit adjusted

d Kidney samples were inoculated from all dead fish onto Cytophag agar and appearance of typical
psychrophila colonies were recorded. Typical colonies were observed from 97.7% and 99.2%
of the immunized and control mortality.
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Coho salmon at 1.59 vaccinated by the immersion method and
challenged after 30 days with four different concentrations of

,

psychrophil,

were better protected than fish vaccinated by immersion at smaller sizes
(Table 30). At the highest challenge dose (1.6 x

cells) no differences in

loss was observed between vaccinates and controls (98% and 100%) but at
the next cell concentration tested the combined replicate loss was 62% in

vaccinates versus 96% in controls. At the third challenge concentration (1.6 x
1

cells per fish) vaccinates had a 24% loss and controls 75%. The RPS for

this test was 68 indicating acceptable potency. Mortality among fish in the
immersion group was significantly lower (P<0.005).
To determine if protection by immersion vaccination of 1.5 g coho

salmon could be demonstrated after 69 days, replicate vaccinate and control
groups were challenged with two different
(Table 31). With a 3.3 x 1

psychrophfla cell concentrations

cell per fish challenge, the combined loss in

control groups was 60% compared to 10% in the vaccinated groups. The
RPS value was 83 indicating an acceptable potency of the bacterin and again
the percent mortality in the immersion vaccinated group was significantly
lower (P=0.013) than controls.

The vaccination of 4.1 g coho salmon by the immersion method and
challenge after 31 days with four different

psychrophil, cell concentrations

demonstrated fish were not protected at a high challenge dose of 3 x 1

cells

per fish (Table 32). However, at the three lower challenge levels, about 30%
difference in mortality was observed between vaccinated and unvaccinated

groups. The immersion percent mortality was significantly lower than controls
at P<0.005. The RPS for the 3 x 106 cells challenge was 40 indicating a
reduced potency of the bacterin in this test.

Table 30.

Vaccination of 1.5 g juvenile coho salmon by immersion in formalin-killed cells of Cytophag
psychrophil, and separate groups challenged with four different concentrations of viable ,
psychrophila 30 days later.

Challenge dosea
(cells per fish)

Control b
Fraction of
fish that died
Combined
Replicate
percent 1055d
2
1

Vaccinated by Immersionc
Fraction of
fish that died
Replicate
Combined
percent Iossd
1
2

1.6 x 1

25/25

25/25

100

25/25

24/25

98

1.6 x 106

24/25

24/25

96

16/25

14/23

62

1.6 x 1 5

18/25

19/24

75

9/25

3/25

24

1.6 x

11/23

8/25

40

4/25

3/22

15

a Each group of fish received the appropriate challenge dose by injection of each fish with 0.04 ml
of cells in phosphate buffered saline subcutaneously. Experiment was conducted for 22 days.
b Controls were sham vaccinated by dipping the fish for 2 minutes in water without cells.

c Fish were vaccinated by immersion for 2 minutes in formalin-killed cells of
adjusted to 0.33 optical density at A525nm in water.

.

psychrophila

psvchrophil by inoculating kidney tissue onto
d All dead fish were examined for the presence of
Cytophaga agar and after 7 days at 17°C examining plates for typical colonies of Q.. psychrophil.
Positive cultures were obtained from all dead fish in the immunized group and in 98.7% of the
controls.

Table 31. Efficacy of vaccinating 1.5 g juvenile coho salmon by immersion in formalin-killed cells of Cytophaga
psychrophila, and separate groups challenged with two different concentrations of viable
psychrophila, 69 days later.

Challenge dosea
(cells per fish)

Controib
Fraction of
fish that died
Replicate
Combined
1
2
percent loss

Vaccinated by lmmersiorlc
Fraction of
fish that died
Replicate
Combined
1
2
percent loss

3.3 x 106

20/25

22/25

84

17/25

15/25

64

3.3x

14/25

16/25

60

1/25

4/26

10

a Each fish in each replicate received a subcutaneous injection of 0.05 of viable cells of .. psychrophik.
All dead fish were examined for the pathogen by inoculating kidney tissue onto Cytophaga agar and
observing for typical colonies after 7 days at 17°C. The bacterium was isolated from 91.5% of control
fish that died and 100% of the immunized fish. The challenge was terminated after 17 days.
b Controls were sham vaccinated by dipping the fish for 2 minutes in water without cells.

c Fish were immersed for 2 minutes in formalin-killed
optical density of 0.33 A525nm.

.. psychrophil

cells suspended in water at an

Table 32. Efficacy of vaccinating 4.1 g juvenile coho salmon by immersion in formalin-killed cells
of Cytophaga psychrophila and separate groups challenged with four different concentrations
of viable . psychrophil 31 days later.

Control b
Challenge dosea
(cells per fish)

Fraction of
fish that died
Replicate
1
2

Combined
percent loss

Vaccinated by lmmersiortc
Fraction of
fish that died
Combined
Replicate
2
percent loss

3.0 x 10

24/25

26/26

98

25/25

25/25

100

3.0 x 106

23/25

22/25

90

16/25

11/25

54

3.0 x

15/26

7/25

44

2/25

2/25

8

7/24

11/25

37

0/25

0/25

0

3.0 x iO4

a Each fish in duplicate lots of 25 fish each received a subcutaneous injection of 0.05 ml of a cell
concentration of , psychrophlla. All dead were examined for .. psychrophila by Inoculating kidney
tissue onto Cytophaq agar plates and incubating them for 7 days at 170C. Appearance of typical
colonies was considered a positive test. Cytophaga psychrophil was recovered from all dead
fish examined. Experiment was conducted for 38 days.
b Controls were sham vaccinated by dipping the fish for 2 mm. in water without cells.

C Vaccinated fish were immersed for 2 mm. in formalin-killed . psychrophiI cells
suspended in water at an optical density of 0.32 A525nm.
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Johnson et al. (1 982b) concluded from studies involving immersion of
salmonid juveniles with

.nguHlarum and L ruckeri bacterins that the level

of protective immunity in fish under 1.0 g could be increased using a more
concentrated bactenn. To test this with the

,

psychrophila, bacterin, 0.5 g

juvenile coho salmon were vaccinated with a concentrated immersion
bacterin at 1.88 optical density. After 28 days, unvaccinated and vaccinated
groups were challenged with four different

psychrophila cell concentrations

(Table 33). A slightly lower percent loss for vaccinated compared to

unvaccinated groups was observed at all challenge levels. The RPS at the
highest challenge level was 26 indicating a low potency of the bacterin for fish
at 0.5 g size. However, the immersion group percent mortality was

significantly lower than controls; P0.005 in the one-sided test.

Cross Protection Study
The existence of serologically different strains of

psychrophil may

be an important consideration in the preparation of an efficacious bacterin.
The objectives of the cross protection study were to determine if coho salmon

vaccinated with adjuvant plus one of two serologically different
psychrophila, strains would be protected when challenged with two different
concentrations of SH3-81 cells. The high dose challenge (6.4 x 1 O7cells)

overwhelmed differences among the four treatment groups (Table 34). At the
lower challenge, the mean percent loss for saline injected fish was 94%,

adjuvant plus saline, 92%, strain NH67-killed cells plus adjuvant and saline,
76% and SH3-81 -killed cells plus adjuvant and saline, 18%. The RPS for the

SH3-81 bacterin was 81 but only 19 for the NH67 bactenn preparation. The
percent mortality in the adjuvant plus saline groups was not significantly

Table 33.

Efficacy of vaccinating 0.5 g juvenile coho salmon with a formalin-killed heavy suspension of
Cytophaga psychrophila cells and separate groups challenged with four different
concentrations of viable . psychrophila 28 days later.

Challenge dosea
(cells per fish)

Control b
Fraction of
fish that died
Replicate
Combined
2
1
percent loss

Immunized by lmmersioC
Fraction of
fish that died
Replicate
2

1

Combined
percent loss

1.5 x 106

23/25

24/25

94

19/25

16/25

70

1.5 x i5

11/28

8/20

40

8/25

7/25

30

1.5 x

7/25

7/24

29

2/25

3/25

10

1.5 x

1/24

4/25

10

2/25

1/25

6

a Each fish received 0.02 ml of cells plus phosphate buffer saline subcutaneously. All dead were
examined for .. psychrophita by inoculating kidney tissue onto Cytophaga, agar and observing for
development of typical colonies after 7 days at 170C. Positive cultures were obtained from 96.5%
of both vaccinated and control mortality. The experiment was terminated after 24 days.
b Controls were sham vaccinated by dipping the fish for 2 mm. in water without cells..

C Fish were vaccinated by immersion in a formalin-killed Q.. psychrophila cell concentration of 1.8
optical density of A525Am in water for 2 mm.
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Table 34. Result of a cross protection experiment by vaccination of yearling coho with
either SH3-81 or NH67 strains of CytoohagQ, psvchrophil followed by
challenging after 30 days with a subcutaneous injection of SH3-81.
Percent loss
Challenge dose/fish

6.4 x iO cells
Replicatesa
1
2

Group

6.4 x 106 cells
Replicates
1

2

Saline (control)

100

100

92.0

96.0

Adj b + saline (control)

100

100

88.5

96.0

Adjb + saline + NH67 cellsc

100

100

80.0

72.0

88

100

12.5

24.0

Adjb + saline + SH3-81 cellsc

a Each replicate contained 25 fish which were injected subcutaneously with 0.1
ml of cells plus phosphate buffer saline
psychroohd, colonies were
obtained on Cytophag, agar when kidney tissue was placed on plates from
each dead fish. The experiment was terminated after 15 days.

b Adjuvant = Bacto-Adjuvant Complete H37 Ra (Difco).
C Formalin-killed.
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different from the saline controls. The groups receiving NH67 cells plus
adjuvant had losses significantly lower than saline controls (P=O.O1 9) but

SH3-81 cells plus adjuvant was much lower (P<O.005) than the saline
controls.
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DISCUSSION

Bactenal cold-water disease is a serious infection of hatchery-reared

salmonids in the Pacific Northwest and the causative agent, Cytophag,
psychrophila, is the most frequently isolated bacterial pathogen obtained from

fish in Oregon hatcheries. Since its initial isolation by Borg (1960), from
juvenile coho salmon with the distinctive lesions in the caudal peduncle, it has
increasingly been associated with distinctly different disease signs and in
other species of salmonids throughout the temperate regions of North

American. The work reported here included a characterization of selected
strains of bacteria believed to be

psychrophila. an investigation into the

relationship between water temperature and progress Of infection for this

disease and vaccination was explored as a means of prevention.
A total of 33 bacterial strains were compared on the basis of

morphological, cultural, biochemicaland serological characteristics. In
addition, selected cultures were examined for DNA G+C content, plasmids,

cellular protein patterns, fatty acid composition and virulence. The results
revealed that 28 strains (referred to as group 1) were homogeneous and
should be considered isolates of

psychrophil. The remaining five isolates

differed substantially from the group 1 strains.
The

psychrophila strains had characteristics in agreement with those

described by Borg (1960) and Pacha (1968). Cells were gram-negative

flexible rods exhibiting gliding motility. The organism did not produce
microcysts, was aerobic, weakly catalase positive and cytochrome oxidase
negative. It grew best at about 150C but also grew at 3 and 230C. Eighteen

strains grew slightly at 25°C but none grew at 300G. Colony morphology was
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a variable characteristic but most cultures on Cytophag agar formed colonies
with either yellow raised centers and thin spreading peripheries or entire
colonies only (Pacha, 1968).
Cytophaga agar developed by Anacker and Ordal (1959) has been
used almost exclusively for isolation of

psychrophil,. In recent years,

several formulated culture media for growth of cytophagals have been
reported and certain of these were compared for their ability to support growth.

Shieh, modified Cytophaga agar, Hsu-Shotts and TYE agar media all
provided more rapid luxuriant growth of

.

psychrophila than Cytophag

agar.

Based on this information, lYE medium (Fujihara and Nakatani, 1971) is now
being evaluated for field use by the Oregon Department of Fish and Wildlife

Pathology section. Shieh, modified Cytophag and TYE broth also gave
superior growth in broth and should be considered for use in the production of
bacterins.
The

psychrophila, strains were unable to degrade and produce acid

from simple or complex carbohydrates but were actively proteolytic for casein,

gelatin, albumin, collagen and elastin (two strains positive). Pacha (1968)
obtained similar results and suggested that this activity may be directly related
to the pathogenicity of the bacterium. Otis (1984) tested five strains of
psych rophila, for their ability to degrade the proteins, elastin, collagen,

fibrinogen, chondroitin sulfate, and fish muscle extract. He noted no activity

for elastin, variable ability to degrade collagen and fibrinogen and all strains
degraded chondroitin sulfate and fish muscle. Thus, at least certain strains
produced extracellular enzymes that degrade components of fish skin, muscle

and cartilage. Otis (1984) also speculated that extracellular enzymes of

psychrophil, might aid in establishment of an infection when proteases
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degrade skin and fibnnogenase may prevent the formation of fibrin necessary
for wound healing. From work reported here and Otis (1984) it appears the
proteolytic nature of Q,. psychrophila is variable among strains and should be
further investigated.

None of the strains tested in this study degraded tyrosine or tributyrin,

while Pacha (1968) found two of ten strains degraded tyrosine and all

hydrolyzed tnbutyrin. Otis (1984) observed a variable reaction for tyrosine but
no tributyrin hydrolysis. Cytophaga psych rophila strains in this study grew in
1 % tryptone broth but failed to grow in 1 % Casamino acids, Koser citrate or on

TYE agar containing 0.01 % SLS. Ability to lysis dead bacterial cells, a
characteristic often associated with cytophagals was demonstrated for the
psychrophila, strains.

The distribution of flexirubin type pigments among yellow pigmented
bacteria is considered a useful chemosystematic marker because they are
found in most strains of Flexibacter and Cytophaga-like bacteria isolated from
soil and fresh water, in Sporocytophaga and in low G+C content flavobacteria
(Reichenbach et al., 1981 b). Gram-positive bacteria, flagellated bacteria and

most Cytophag-like bacteria isolated from marine environments do not
psychrophila, strains are an

contain these pigments. It is interesting that

exception in that they did not contain these pigments and presumably are a

freshwater cytophagal which cannot tolerate salt concentrations above 1.0%.
Five strains out of 33 examined had different cultural and physiological

psychrophila. Two were of

characteristics and are not considered to be

interest taxonomically, because Lewin (1969) compared strain 23107, a
Minnesota garden soil isolate and 23108, a

,

psychrophila strain provided by

E. J. Ordal, University of Washington. He concluded they were sufficiently
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similar to be considered the same species and suggested Flexibacter
aurantiacus. In the present study, these strains were obtained from the
American Type Culture Collection, Rockville, Maryland and included to

determine if they were the same. Both 23107 and 23108 gave identical
results to each other but very difterent from the 28
indicating neither are

psychrophiI strains

psychrophil. They differed from the

psychrophila

strains in their temperature growth range (no growth after one week at 50C but

growth at 300C) degraded starch, chitin, and tyrosine, produced acid from
glucose, grew in 2% NaCI broth, in 1% Casamino acids broth, in the presence
of 0.01% SLS and produced flexirubin pigments.
Strains NY3-81 (New York, lake trout), 6-162 (Pennsylvania, brook
trout) and SRL (South Korea, rainbow trout) also had clearly different
characteristics from the

9sychrophil strains and from each other. This may

indicate there are other bacterial fish pathogens which produce lesions similar
to those produced by Q., psychrophiI or these may be examples of

nonpathogenic inhabitants of the skin of fish similar to those described by

Pacha and Porter (1968). Strain NY3-82 may be a Flavobacterium because it
did not exhibit gliding motility. In contrast, strains 6-162 and SAL showed

gliding motility, contained flexirubin pigments and probably are members of

the Cytophaga-like bacteria group. Additional studies would be needed to
confirm this.

The antibiotic susceptibility pattern for the 28

psychrophiI strains

was interesting for two reasons. First, with the exception of two strains
resistant to oxytetracycline, all had similar susceptibility patterns to the 13

antibiotics included in the test while the strains not considered to be
psychrophila, had clearly different patterns indicating this could be a useful
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differentiation test. Secondly, only oxytetracycline and ormethoprimsulfadimethoxine are presently available for treatment of BCWD epizootics in
salmonids. This test demonstrated that other antibiotics should be
investigated for use as medicaments in treatment of this disease.
To further the description of

psychrophila, the mol % guanine plus

cytosine was determined for 13 strains and found to be 34.3% (mean value).

Flexibacter aurantiacus 23107 and 23108 have reported values of 31.131.6%, (Mandel and Lewin, 1969). In this study these two strains were found
to have mean mol % G+C of 36.5. The reason for this discrepancy is
unknown.

Pacha (1968) studied ten strains of

,

psychrophil and found them to

be similar serologically, while 24 nonpathogenic cytophagas did not react with
osychrophii antiserum. Holt (1972) found all Q.psychrophiIa, strains share

common antigens but reciprocal absorption studies of immune sera and
titration by macroscopic tube agglutination revealed the existence of at least
two serotypes. In the present study, strains from geographic distant locations

were examined for serological differences. By a rapid slide agglutination
method, all strains reacted indicating the presence of common antigen(s).
The five strains considered to be different did not react with

psychrophila,

antiserum by the slide agglutination method. This supports Pacha's (1968)
observation that antiserum prepared against
may be used to distinguish

psychrophila, is specific and

psychrophil from other cytophagas from fish.

The experiments with absorbed sera comparing the BCWD strain SH381 from Oregon with strains from geographic distant locations showed no
distinct serological differences between the Oregon strain and one of Borg's
(1960) original isolates 1 44a from Washington or with a BCWD strain from
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British Columbia, Canada. Cytophaga, psychrophila, strains from New

Hampshire (NH67), Michigan (MCIK-85) and Alaska (NB2-79) contained
antigen(s) the Oregon isolate did not have and likewise the Oregon strain had

antigen(s) they did not have. The reciprocal absorption and titering of antisera
was not conducted between all seven strains so the total number of different
serotypes cannot be determined. It appears, however, that like the cytophagal

fish pathogen Flexibacter columnaris (Anacher and Ordal, 1959), there exists
a number of different serotypes. Many more strains must be examined before

any conclusions can be drawn regarding the relationship of a specific
serotype and geographic location. Flexibacter aurantiacus, 23107, reacted
only slightly (1:20 titer) to

psychrophiJa, strains and this reaction was not

apparent in the slide agglutination test.

The SDS polyacrylamide gel electrophoresis of whole-cell proteins and
determination of fatty acid composition were investigated to determine if these
methods were useful in differentiating strains of
cytophagals and to extend the description of

,

psychrophila, from other
psych rophila,. From the data it

is apparent that both methods were useful to show the similarity of

psychrophila, strains and differences from other cytophagals included in this
study. For example, the electrophoretic patterns of E. aurantiacus, strains

23107 and 23108 were quite different from the
The fatty acid composition of

psychrophila, strains tested.

psychrophila was composed mostly of iso

C15:1 (32.1%), iso C17:1 (21.2%), iso C15:0 (11.0%), iso 30H C17:0 (8.1%)

and iso 3OH C15:0 (6.8%). These iso branched-chain fatty acids with or
without a hydroxyl group fit the general description of fatty acid composition
attributed to members of the genus Cytophaga. (Oyaizu and Komagata, 1981).

The specific types and amounts, however, are different from other cytophagal
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species reported (Fautz et al, 1981; Yabuuchi and Moss, 1982; Liebert et al.,
1984).

The ability of selected strains to cause disease and death in yearling
coho salmon was examined, fully expecting the Minnesota garden soil strain
23107 to not cause death but all true

psychrophila, strains to be virulent. No

losses did occur when strain 23107 or 23108 were injected subcutaneously
and in addition, certain strains of Q,.psychrophil

including some not

transferred extensively on culture media (CCC6-86, RbS6-82 and CH8-80)
did not cause death with typical BCWD signs at the cell concentrations

injected. Apparently, like the fish pathogens
medium and high virulent strains of

columnaris, there may be low,

psychrophil (Pacha and Ordal, 1967).

It has been suggested the proteolytic nature of this bacterium is a virulence
factor important in production of disease in fish (Otis, 1984; Pacha, 1968).
Strains of

psychrophil vary to some extent in their ability to breakdown

certain proteins, perhaps this may be a factor in the pathogenicity of a
particular strain. Otis (1984) found that an extraceHular product obtained from
cultures of

psychrophil, when injected into fish, produce microscopic skin

and muscle lesions and some gross internal lesions similar to those caused
by the live bactenum. The proteases and other extracellular products of high

and low virulent strains should be examined. Knowledge gained could be
useful for future vaccine development. In the limited examination of strains for
plasmids, no correlation between plasmids and ability to cause disease was
noted.

The taxonomy of gliding bacteria in general is in a state of confusion
(Reichenbach and Dworkin, 1981). Bergey's Manual Qj Determinative
Bacteriology, Eighth Edition (Buchanan and Gibbons, 1974) separated
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Cytophaga from Flexibacter by ability to degrade polysaccharides. If this were
to be accepted then

psychrophila, should be placed in the genus

Flexibacter because it does not degrade simple or complex polysaccharides.
However, more recently Reichenbach et al. (1 981 a) using G+C content of

DNA, DNA-DNA hybridization as well as other chernosystematic methods to

examine gliding bacteria, concluded there was much disagreement between
the molecular methods and conventional taxonomy and that polysaccharase
activity was not a valid characteristic for separation of these genera.

Reichenbach and Dworkin (1981) proposed that Flexibacter had a DNA G+C
content of about 48%, contained flexirubin pigments and underwent a
characteristic cell shape change from long agile thread-like cells (20-30 urn)

in young cultures to short nonmotile rods in old ones. The Cytophag, genus
would have a G+C content of 28-35% and be divided into (1) Cytophaga
(sensu stricto) including cellulose decomposers and (2) Cytophaga. (sensu

latoire) a heterogenous temporary grouping of freshwater and marine
organisms including fish pathogens which formed short rods and may or may
not contain flexirubin pigments. From this description of Cytophaga. given by
Reichenbach and Dworkin (1981) and from the G+C content and other
characteristics determined in this study it appears for now

psychrophila.

should be maintained in the genus Cytophaga. In the future as new species
of the Cytophaga-like bacteria are characterized and groups developed, it is
likely a new genus will be created to include this bacterium, It can be

concluded from the data that this is a distinct species, with homogeneous

characteristics, different from the Eurantiacus described by Lewin (1969)
and from other Cytophaga. and Flexibacter species described in Bergey's
Manual

Determinative Bacteriology, Eighth Edition.
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Additional studies to provide a more complete description of this

bacterium for further taxonomic consideration should be encouraged. Along
with DNA:DNA hybridization, these may include examination for sulfonolipids
(Godchaux and Leadbetter, 1984) and lipoquinones (Mannheim, 1981) which
appear unique for certain groups of gliding bacteria.
It was demonstrated that 27 of 33 strains studied were similar in
characteristics to one of Borgs (1960) original strains, 1 44a. Furthermore, this

pathogen is widely distributed at least in temperate areas of the North
American continent (New Hampshire to Alaska) and probably is present
almost everywhere salmonids occur on this continent. Interestingly,
psychrophila, has not been identified in diseased salmonids in Europe and
Asia, even though fish pathologists have examined freshwater fish for

cytophagal bacteria. Perhaps this bacterium is not present in these areas, or
for unknown reasons, the strains that are present do not produce epizootics in
fish.

Cytophaga psychrophila has been obtained from several salmonid
species including coho, chinook and chum salmon, brook, cutthroat, rainbow
and steelhead trout. The strain from lake trout in New York was not

psychrophila. Either a bacterium different from

.psychrophila. was the

causative agent of disease in lake trout or this bacterium is not representative.

Bullock and McLaughlin (1970) observed serological similarities between the
strains causing eastern peduncle disease and isolates from the Pacific
Northwest. This was further substantiated in this study and in addition,
serological differences were demonstrated as reported earlier (Holt, 1972).
The strains obtained from fish with pathological signs distinct from the
usual BCWD lesions were all

psychrophiIa, providing evidence but not
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proof that this pathogen may be the causative agent of at least six different

diseases of salmonids. Further work will be necessary to demonstrate
etiology and should include reproduction of disease in experimental fish and
histological examination of the lesions.
Conrad and DeCew (1967) isolated a bacterium they believed to be

.

psychrophila. from spinal deformed coho salmon commonly seen in salmon

populations which previously had suffered severe losses from BCWD. Since
their observation, a second type of deformed condition following BCWD
epizootics was observed in which a bacterium was isolated from brain tissue

of fish exhibiting a spinning nervous behavior. In both of these maladies,
psych rophila. was isolated from diseased tissue. These disease conditions

very likely are sequelae which follow severe BCWD epizootics (J. L. Fryer,
personal communication, Oregon State University, Corvallis, Oregon).
Rucker et al. (1953) reported the identification of

chinook salmon juveniles. In this study,

.psychrophila in

psychrophila was isolated from

chinook salmon with three distinctly different diseases: (1) yearling spring
chinook with necrotic liver tissue; (2) exophthalmic dark pigmented fall
chinook with no external muscle lesions; and (3) chinook salmon concurrently
infected with a blood cell virus (Leek, 1987).

Bacteria obtained from eroded gill lesions of yearling rainbow trout
were shown to be

psychrophila.. Wood (1974) has reported

.

psychrophila from the gills of coho salmon and attributed the disease to sulfa
drug toxicity.

Borg (1960) suspected eggs contaminated with

psychrophila. were

the source of this bacterium in certain epizootics of BCWD. Sexually mature
adult coho salmon harbor this bacterium on their skin and in kidney and liver
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tissue (Holt, 1972). In the present study,

psychrophila was shown to be

present in tissue including kidney, spleen and ovarian fluid of sexually mature
adult chinook and coho salmon. This bacterium was present in 38% of the
ovarian fluid samples and in some females the estimated count in the fluid
was

psychrophil cells per ml. Cytophaga psychrophila, was also

recovered in lower numbers from milt of adult coho salmon. The data
demonstrates that, mature adult salmon are carriers of this pathogen. Adults

which had been held in freshwater longer and exposed to additional handling
stress, seemed to have greater carrier rates. It is suspected, although not

proven that the bacterium invades the tissues of adults when they enter
freshwater and the longer fish are held prior to spawning the greater the
proliferation of Q.,, psychrophila within their tissues.

The presence of Q.,.psychrophil in ovarian fluid provides opportunity

for bacterial colonization either on the surface of eggs or intra-ovum. The

occurrence of other bacteria in fish eggs has been documented. Cone (1982)
found Lactobacillus sp. in the unshed, over-mature eggs of rainbow trout and
speculated that the bacterium could enter the egg via the micropyle which in
trout has a basal diameter of 3.3-4.3 urn. (Richl, 1980). Evelyn et al. (1984)

correlated infection of Renibacterium salmoninarum. the causative agent of
bacterial kidney disease, in eggs with the presence of these pathogens in

cloudy coelornic (ovarian) fluid. He suggested that

salmoninarum probably

occurs in the yolk of the egg at a location difficult to reach by iodine

disinfectants. Presence of the pathogen in the eggs was confirmed by using
histological and cultural methods. Evelyn et al. (1986) was also able to
demonstrate experimental infection of the intra-ovum of salmonid eggs with
this pathogen by immersing eggs prior to fertilization and water-hardening in
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coelomic fluid containing high numbers of J3.,, salmoninarum cells. Evelyn et
al. (1984) suspected the higher numbers of fi1. salmoninarum cells (4 x 1

cells/mi) in the coelomic fluid of some adults probably is an important factor in

the egg infection process. In this study, up to 5 x 1

Q.. psychrophil cells per

ml were detected in certain ovarian fluid samples suggesting that this fish

pathogen may also potentially enter the egg and be vertically transmitted.
Obviously, experiments similar to those conducted by Evelyn et at. (1984) are
needed with

. psychrophiI

to determine if this bacterium can be detected on

or in the egg.

The description, low temperature or cold-water disease, was applied to
psychrophila, infections of coho salmon because investigators were

surprised to observe a disease of salmonids occurring at 41O0C and usually
abating at 1200 (Borg, 1960). With fish pathogens such as Flexibacter
columnaris and Aeromonas salmonicida,disease becomes more prevalent in
fish as temperature increases above 1500. Rucker et at. (1953) reported
occasional outbreaks of BCWD persisting until water temperatures reached
1 50C. Attempts to control this disease by exposing fish with BCWD to water

temperatures up to 1 6C have failed (Wood, 1974). The experiments
discussed here were designed to obtain, under controlled conditions, more
definitive data concerning the effect of water temperature on BCWD in three
species of salmonid fish.
The effects of water temperature on experimental infection with

psychrophila, was similar in coho (juvenile and yearling), chinook salmon and
rainbow trout. The greatest number of deaths occurred at the lowest water

temperatures either 3 or 60C up to 1500. A slight decrease in loss was noted
at 1500 compared to 1 20C for the chinook salmon and rainbow trout. At
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temperatures above 150C, mortality declined progressively to almost 0% at
230C. Even at 21 0C, losses were low (2-8%) except for the juvenile coho

salmon, 62%; possibly indicating the greater susceptibility of this species.
The determination of the mean time between infection and death
provides a measure of the rate at which fatal infection develops. For all three
species tested, the longest mean time to death occurred at the lower water

temperatures even though total mortality at this temperature eventually
reached the same level as at temperatures up to 1500. The shortest mean

time to death for both juvenile and yearling coho salmon occurred at 1500

while for chinook salmon and rainbow trout it was 1200. Interestingly, above
15°C the mean time to death increased slightly. Bacterial cold-water disease
is the only infection studied in this laboratory in which temperatures of 18 and

21 °C increased the mean time to death. Flexibacter coIumnari,

slmonicida,

hydrophila and a salmoninarum all had shorter mean time to

death as the temperature was progressively increased (Holt et al., 1975;
Groberg et al., 1978, Sanders et al., 1978): The percent mortality for BCWD
infected fish was similar to that observed for bacterial kidney disease
(Sanders et aL, 1978). For both diseases, lower losses occurred at the higher

temperatures and higher losses occurred at 1 2C and lower. Also, the results
were very different from .Ecolumnaris infections in that the lowest temperature

at which columnaris disease deaths occurred was 1200, while mortality
increased progressively with increased temperatures (Holt et al., 1975).

These experiments were conducted using pathogen-free water
controlled to predetermined temperatures in an experimental fish disease

laboratory. They were, however, similar to what was seen in natural
epizootics of BCWD which occur at temperatures from 3-1 5CC.
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There are characteristics of both pathogen and host that relate to the
effect of temperature in this disease. The effect of temperature on mortality
may be due in part to its effect on growth of the bacterium in the hosts tissues.
Interestingly, the shortest mean time from infection to death was at 12-1 50C

and the shortest generation time for two

psychrophiI strains (SH3-81 and

NCMB 1947) was at 1 50C. Growth ji. vitro occurred as low as 30C but the

generation times reached 20-26 hr. Also, the maximum growth temperatures

for.psychrophil were about 23-250C depending on strain. The disease in
fish was almost totally suppressed at 230C.

Temperature is also involved in the hosts ability to utilize protective
mechanisms such as the immune response, phagocytic system and wound

healing (Avtalion, 1981; Anderson and Roberts, 1975). At the lower
temperatures, the fish's reaction to bacterial challenge is slowed or inhibited
in certain functions such as processing of the antigen by the macrophage or
the cell interaction process between macrophage T-helper precursor cell

(Avatalion, 1981). He suggested the final step of helper cell maturation is
inhibited at low temperatures. At temperatures of 1 8.230C, the host response

to infection is much more rapid and the pathogens growth rate is decreased,
shifting the advantage to the host. The effect of temperature on production of
exoproteases and other possible pathogenic determinants such as
leukocytolytic factor, described in other bacterial pathogens (Fuller et al.,
1977), should be investigated.
The use of water temperature adjustment to control BCWD epizootics
has not received serious attention probably because of economics, i.e., the

cost of heating water and the potential to induce infections of other pathogens
benefited by increased water temperatures. In the present study, it was shown
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that infected juvenile steelhead trout held in 22°C water soon after infection
were protected against BCWD. When these fish were exposed to a 1 20C

water temperature after 10 days, BCWD infections were not observed. Future
experiments should examine the minimum length of time fish must be held at

elevated water temperatures to achieve protection and also examine this
effect at slightly lower temperatures such as 1 8-200C.

Vaccination for prevention of BCWD had been suggested (Otis, 1984)
but prior to the present study it had not been attempted. The information
obtained in these studies demonstrated that protective immunity could be
obtained similar to results described for vaccines prepared for other bacterial

pathogens. A bacterin consisting of formalin-killed

psychrophil cells and

Freunds Complete Adjuvant (Difco) when administered by intraperitoneal
injection provided the best protective immunity in coho salmon at 0.5 g and
27.0 g mean weight. This is consistant with observations made by Johnson
and Amend (1983) with Yersinia ruckeri bacterin.
Direct immersion of formalin-killed

.psychrophil, cells, a more

practical method of immunizing large numbers of fish, was also shown to
provide protective immunity. With this method, however, size of fish at
vaccination was important in determining the level of immunity achieved.
Significant differences in mortality between vaccinated and unvaccinated

groups were observed at all sizes of fish tested (0.5 g-4.1 g). However, to
obtain a satisfactory degree of immunity with the immersion vaccine, the fish

must be at least one gram. These results are similar to those reported by
Johnson et al. (1 982a) for

,

anguillarum, and

,

rucken. They did, however,

report increased protection and longer duration of immunity could be obtained
in fish smaller than one gram by vaccinating with a high bacterin
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concentration. This was attempted with

,

psychrophila cells using a 1.8

optical density suspension on 0.5 g fish. Slightly better protective immunity

was observed with this more turbid suspension but the potency RPS value

was still too low. Perhaps a better immunogen could be developed which
would provide protection when administered by immersion at 0.5 g size. This
may be possible as evidenced by the protection provided small fish when

injected with Q,psychrophila cells plus adjuvant.
The immersion bacterin should be tested in the field on coho salmon to
determine if it has value for use at production facilities in BCWD prevention.

Conceivably a combination of techniques could be utilized to minimize the
impact of BCWD on salmonids. These might involve protection of alevins and

young juveniles by using: (a) proper rates of water flow dunng incubation and
substrates that minimize abrasion injunes; (b) therapeutants added to the
water or in the diet; and (C) vaccination when they reach a specific size.

Oral administered vaccines have been used successfully to protect fish
against vibriosis (Fryer et al., 1972; Nelson, 1972; Rohovec, 1975) and

columnaris disease (Becker and Fujihara, 1978; Ransom, 1975). The
advantage of these vaccines is the elimination of the need to handle the fish.
Although protective immunity does not seem to be as high or last as long with

this method, an orally administered bacterin should be evaluated at
hatcheries in which fish suffer epizootics of BCWD throughout the spring

months. An oral vaccine for another fish pathogen,

ariguillarum,

successfully protected fish even when administered at low water temperatures
(Fryer et al., 1976).

Serological differences were detected between certain strains of

psychrophila. The cross protection expenment indicated the degree of
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protection obtained was very different depending on which serotype was used

in the bacterin preparation. More work is needed to determine the number
and occurrence of serological different strains of

,

psychrophil, as this may

be important in the development of bacterins. It may be necessary to prepare

a polyvalent mixture of the various serotypes and incorporate this into the
final bacterin. If only one

psychrophila serotype occurs in a particular

geographic area or fish population, the appropriate serotype should be used
for bacterin preparation. This will probably receive more attention if
preliminary field trials indicate potential for use of a vaccine in prevention of
BCWD in salmonid populations.
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SUMMARY AND CONCLUSIONS

A taxonomic characterization of 33 bacterial strains from selected

sources revealed that 28 were Cytophaga psych rophila. The
psychrophila strains came from diseased fish collected at widely
separated geographic locations (New Hampshire, Michigan, Alaska,
Canada, Oregon), from fish with pathological signs different from

BCWD including spinal deformities and nervous tissue (brain)
involvement of coho salmon, necrotic white liver of chinook salmon,

chinook with viral anemic diseases, rainbow trout with gill lesions and
from sexually mature adult salmon tissue including ovarian fluid.
Presence of this pathogen in ovarian fluid may provide an opportunity
for vertical transmission.

Flexibacter aurantiacus, (ATCC 23107 and 23108) strains were not the
same as

.psychrophila and should be considered a different species.

No pili were found on the cell surface of,Q.psychrophila. The outer
surface of the cells were granular, crenated and contained vesicular
tubular structures similar to those reported in other cytophagals.

Shieh, tryptone yeast extract plus salts (TYES) and modified

Cytophaga broth (Wakabayashi) provided better growth of
psych rophi Ia than Cytophaga, broth.
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The mol percent guanine plus cytosine in the DNA of

psych rophila

was 34.3.

Strains of

.psychrophila, contained one, two or no plasmids.

The antibiotic susceptibility of 28

psychrophil, strains showed a

homogenous pattern with ampicillin, chloramphenicol, erythromyci n,

oxolinic acid and oxytetracycline all inhibiting growth.

Serological differences were detected among strains of

psychrophil.

The fatty acid composition of

psychrophila was similar among

strains, distinct from other cytophagas and principally composed of
branched chains iso C15:1 (32.1%), iso C17:1 (21.2%) iso C15:O

(11.0%) and branced-chain hydroxy fatty acids iso Cl 7:0 30H (8.1%)
and iso C15:0 30H (6.8%).

Strains of

.

psychrophila, varied substantially in ability to produce

death (0-100%) when injected subcutaneously into yearling coho
salmon.
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Greatest percent mortality of juvenile and yearling coho salmon,

juvenile spring chinook salmon and rainbow trout experimentally
infected with

psychrophila occurred when water temperature ranged

between 3150C. As the temperature increased above 150C, mortality
declined progressively; at 230C it was only 0-12%.

Water temperature also influenced the mean number of days between
infection and death from BCWD. For coho salmon, the shortest interval,
varied from 5.5 to 7.0 days, at 150C, while in rainbow trout and chinook
salmon shortest time to death was at 1 20C (3.7 -5.0 days).

Continuous exposure of experimentally infected juvenile steelhead
trout to 220C water soon after infection prevented deaths from BCWD.

Vaccination of juvenile and yearling coho salmon with formalin-killed
psychrophila, cells plus Freunds Complete Adjuvant provided protection

from experimental BCWD. Immersion vaccination with diluted killed
cells of Q. psychrophila provided only limited protection to 0.5-0.9 g fish
but substantial protection to those at 1.5 g.

Summary of the principal characteristics of Cytophaga psychrophiI:
Morphology

Rods 0.3-0.5 by 2.0-7.0 urn with gliding
motility
Microcysts not formed

Involuted forms present in older cultures
Staining

Gram negative
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Culture

Colonies on Cytophaga, agar are bright

yellow, raised convex with a thin spreading

irregular edge. Some strains form entire
convex colonies.
Growth temperature range, 30 to 23-250C;

optimum about 150C. Aerobic.
Biochemical

Catalase positive, cytoch rome oxidase

negative, do not contain flexirubin
pigments, do not produce acid from simple
or complex carbohydrates, actively
proteolytic for gelatin, casein, albumin and

collagen. Do not produce H2S.
G+C content of DNA

Mean 34.3 mol %

Plasmids

One or two present in certain strains

Antibiotic susceptibility

Ampicillin, chloramphenicol, erythromycin,
oxoli nic acid and oxytetracycli ne.

Cell fatty acid composition

Most prevalent fatty acids were iso Cl 5:1
(32.1%), iso C17:1 (21.2%), iso C15:O

(11.0%), iso 30H C17:0 (8.1%) and iso
30H C15:0 (6.8%).

Serology

At least two serotypes occur.

Pathogenicity

Occurs acutely or chronically.

Disease

Variety of signs associated with this

pathogen including open lesions of skin
and muscle in the peduncle area,
sometimes hemorrhaging of internal
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tissues. Referred to as bacterial cold-water
disease, low temperature disease or
peduncle disease.
Distribution

Occurs in temperate areas of North

America. Not reported in Europe, Soviet
Union or Asia.

Species infected

Probably all salmonids are susceptible,

particularly coho salmon. Also, reported in
chinook and sockeye salmon, rainbow,
brook, cutthroat and lake trout.
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Figure Al. Gas chromatograms of fatty acid methyl esters from saponified whole cells of
selected cytophagal strains. Chromatogram A = SH3-81; B = SH3-81 (duplicate);
C = NCMB 1947; D = 144a.

164

STOP

STOP

STOP

STOP

Figure A2. Gas chromatograms of fatty acid methyl esters from saponified whole cells of
selected cytophagal strains. Chromatogram A = MCIK-85; B = NH67;
C = 84-254; D = NB2-79.
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Figure A3. Gas chromatograms of fatty acid methyl esters from saponified whole cells of
selected cytophagal strains. Chromatogram A = NY3-82; B = 23107; C = THOFI-86;
D = SH7-81.
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Figure A4. Gas chromatograms of fatty acid methyl esters from saponified whole cells of
selected cytophagal strains. Chromatogram A = MHChS6--81; B = SHSCo1 1-86;
iohnsonae ATCC 29585.
C = BHURB-86; D =

