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The purpose of this study was to characterize Cytophaga

psychrophila isolates obtained from coho fingerlings with low tem-

perature disease collected at selected hatcheries in Oregon. In

addition, cultures thought to be related to this bacterium were

isolated from Siletz Hatchery water, deformed juvenile and spawn-

ing adult coho salmon, rainbow and brook trout and chinook salmon.

These isolates some of which were believed to be epidemiologically

significant were included in the study and their characteristics com-

pared to those of the low temperature disease cultures.

A total of 24 myxobacterial isolates were studied by examina-

tion of morphological, cultural, biochemical and serological charac-

teristics. Results of these tests revealed all to be very closely

related cultures of C. psychrophila. The cells were gram negative,



flexible rods exhibiting gliding motility with no microcysts and

fruiting structures formed. These aerobic psychropiles had an

optimum growth temperature between 15-18°C and did not grow

above 25° C. All cultures were proteolytic, lipolytic and shared

at least one common antigen. A low temperature disease, adult

coho salmon, deformed juvenile coho salmon, peduncle disease,

and rainbow trout isolate were shown to have the ability tQ produce

death in fingerling coho salmon when injected intramuscularly.

A serological typing study of six selected isolates revealed no

antigenic differences among those collected from fish in Oregon.

A peduncle disease isolate from brook trout collected in the Eastern

United States shared at least one common antigen with the Oregon

cultures and in addition antigens unique to each were demonstrated.

To determine if spawning adult coho salmon carry C.

psychrophila, bacteriological cultures were prepared from the

kidneys of adult fish collected at Siletz and Alsea Hatcheries.

Approximarely 50% of these fish were carrying the disease agent

suggesting that the eggs may become contaminated from this source.

Several attempts to isolate C. psychrophila from coho salmon eggs

were unsuccessful. Myxobacterial cultures obtained from deformed

juvenile coho salmon occurring at fish hatcheries in Oregon subse-

quent to low temperature disease epizootics were demonstrated to

be C. psychrophila.



Furanace, a new nitrofuran chemotherapeutic agent, was

tested in vitro and in vivo against the low temperature disease bac-

terium. Using the tube dilution method, minimal inhibitory concen-

trations of 0.007 (three isolates) and 0.062 (one isolate) p.g/ml

Furanace were determined. Higher concentrations of 4. 0 to 8. 0 g/

ml Furanace were needed to produce a bactericidal effect. In in vivo

studies, 0. 5 pg/ml Furanace added to the water containing young coho

salmon at Siletz River Salmon Hatchery provided complete protection

against a natural outbreak of low temperature disease.



Characterization and Control of Cytophaga psychrophiia
(Borg) the Causative Agent of Low Temperature

Disease in Young Coho Salmon
(Oncorhynchus kisutch)

by

Richard Allen Holt

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

June 1972



APPROVED:

Signature redactéd for privacy.

Associate PrIfsor of Miçhobiology
in harge of major

Signature redacted for privacy.
Chairman of the Department of Microbiology

I Y
Sign'ature redacted for privacy.

Dean of Graduate School

Date thesis is presented August 16, 1971

Typed by Opal Grossnicklaus for Richard Allen Holt



ACKNOWLEDGMENTS

The author wishes to express gratitude to the many people who

made this study possible.

To Dr. J. L. Fryer, associate professor of Microbiology,

Oregon State University, for his guidance, encouragement and

extreme patience.

This project was supported with funds received by the Fish

Commission of Oregon, Project 81 5: Infectious Diseases of Salmonid

Fishes.

To Mr. J. F. Conrad, Fish Commission of Oregon for his

cooperation and advice.

To Arthur Minney, Denzil Miller, Sam Brantner and Thomas

Pickering, personnel of the Siletz River Salmon Hatchery for their

as sistance in monitoring several experiments.

To Mr. J. E. Sanders and Dr. K. S. Pilcher, Oregon State

University for their help in preparing this manuscript.

To Martha Porter and Donald Overholser for their advice and

help throughout this study.

To John Cisar, Bill Paterson, John Rohovec, and Jerry Zinn

for their technical assistance during the course of this investigation.

To Linda Boeck for her constant patience during the typing of

the rough draft of this manuscript.



TABLE OF CONTENTS

INTRODUCTION 1

LITERATURE REVIEW 3

MATERIALS AND METHODS 7

Isolation and Maintenance of Myxobacterial Cultures 7

Cell Morphology and Gram Stain Reaction 10
Motility 10
Cultural Characteristics 11

Growth on Various Media 11
Formation of Columnar Structures (Fruiting Bodies) 11
Lytic Properties 11

Anaerobic Growth 1 2

Sodium Chloride Tolerance 12
pH Tolerance 1 3

Growth at Selected Temperatures 1 3

Psychrophilic Nature 1 3

Growth in Stationary and Shaken Cultures 14
Physiological Characteristics 15

Carbohydrate Utilization 1 5

Macromolecule Utilization 16
Miscellaneous Biochemical Tests 17

Serological Characteristics 20
Preparation of Antigens 20
Preparation and Titration of Immune Serums 21
AbsorptionMethods 23

Pathogenic Characteristics 25
Control of Low Temperature Dise3se with Furanace 26

In Vitro Studies 26
In Vivo Studies 27

RESULTS 29

Cellular Characteristics 29
Cell Morphology and Motility 29

Cultural Characteristics 29
Colony Morphology 29
Columnar Structures 32
Lytic Properties 32
Anaerobic Growth 33



Sodium Chloride Tolerance 33
pH Tolerance 33
Growth at Selected Temperatures 37

Psychrophilic Nature 37

Growth in Stationary and Shaken Cultures 38
Physiological Characteristics 41
Serological Study 45
Pathogenicity of Selected Isolates 49
Control of Low Temperature Disease with Furanace 52

In Vitro Studies 52
In Vivo Studies 53

Epidemiolo gical Obs ervations 55

DISCUSSION 58

Characterization Study 58
Control 64

SUMMARY AND CONCLUSIONS 65

BIBLIOGRAPHY 67



LIST OF TABLES

Table Page

Myxobacterial isolates used in this study. 9

Schedule and route of injections for the preparation
of myxobacterial immune serums in rabbits. 22

Effect of various sodium chloride concentrations on
the growth of myxobacterial isolates in Cytophaga
broth. 34

Effect of pH on the growth of the myxobacterial
isolates in Cytophaga broth, 35

Effect of incubation temperature on the growth of
the myxobacterial isolates in Cytophaga broth. 37

Viable counts and corresponding log2 used in deter-
mining growth curves and generation time for low
temperature disease isolate Si 1 -67.

Physiological reactions of the 24 myxobacterial
isolates.

Agglutinin titer of the immune serums prepared
against six myxobacterial isolates when reacted with
their homologous and heterologous antigens. 46

Antigenic analysis of six selected myxobacterial
isolates. 47

Results of injecting juvenile coho salmon intra-
muscularly with viable cells of selected myxobac-
terial isolates. 51

42

44



LIST OF FIGURES

Figure Page

Photomicrograph showing cells of low temperature
disease isolate 511-67 (approximately 1000X). 30

Photornicrograph showing typical colony morphology
of low temperature disease isolate S7-68 on Cytophaga
agar (approximately 32X). 30

Growth of low temperature disease isolate Si 1 -67 in
Cytophaga broth incubated at 15, 18, 21 and 23°C. 39

Growth of low temperature disease isolate S7-68 in
Cytophaga broth incubated at 15, 18, 21 and 23°C. 40

Different growth rates of the low temperature disease
bacterium Si 1 -67 in shaken and stationary cultures
incubated at 18° C in Cytophaga broth. 43

Effect of treating fingerling coho salmon with 0. 5 g/
ml Furanace for the control of low temperature
disease. 54



CHARACTERIZATION AND CONTROL OF Cytophaga psychrophila
(BORG) THE CAUSATIVE AGENT OF LOW TEMPERATURE

DISEASE IN YOUNG COHO SALMON
(Oncorhynchus kisutch)

INTRODUCTION

Low temperature disease (LTD) is an acute septicemic infection

of young coho salmon (Oncorhynchus kisutch) caused by the myxobac-

terium Cytophaga psychrophila (Borg). Fish infected with this

bacterium usually develop an open lesion or dark discoloration in

their peduncle region. This infection, also known as peduncle or

bacterial cold-water disease, is most prevalent in fish hatcheries

when water temperatures are below 100 C. Since the initial observa-

tions by Borg (1948), C. psychrophila has been found to be responsible

for severe losses in coho and other sairnonids at fish hatcheries

throughout the Pacific Northwest.

The purpose of this study was to characterize and compare

isolates of C. psychrophila obtained at selected Oregon hatcheries

from coho fingerlings with typical LTD symptoms. In addition, other

rnyxobacteria isolated from fish from different sources were included

in this study because they appeared to be related to the LTD bacterium

and were believed to be of epidemiological significance. A second

objective was to test the efficacy of a recently introduced nitrofuran

in controlling LTD among young coho salmon.



The morphological, cu1t.iral and physiological features of 24

myxobacterial strains were described. In addition, studies were

conducted on the psychrophilic, antigenic and pathogenic nature of

several selected cultures. Results of these various experiments

were analyzed and compared to define the relationships between

isolates.

A nitrofuran, designated P-71 38 with a trade name Furanace

(6-hydroxymethyl-(2- ( 5- nitro- 2-furyl)vinyl) pyridine) (Shimizu and

Takase, 1967) was tested for its in vitro and in vivo activity against

the LTD bacterium. The in vivo experiments were carried out at

the Siletz River Salmon Hatchery where an annual natural epizootic

of LTD occurs.



LITERATURE REVIEW

A disease of fingerling rainbow trout (Salmo gairdneri) was

observed by Davis (1946) in late spring of 1941 and 1955 at the U.S.

Fish and Wildlife Service Hatchery at Leetown, West Virginia. Fish

having this fatal disease developed an open lesion on or near their

peduncle exposing the muscle tissue which gradually disintegrated;

hence this malady was designated peduncle disease. Many nonmotile,

slender, rod-shaped bacteria were observed in scrapings from the

lesion, however, the disease agent was not isolated on culture media.

In 1948, Borg (1960) isolated a myxobacterium from the kidneys

and lesions of diseased coho salmon at several fish hatcheries in

Washington. Symptoms of this infection were similar to those

described by Davis. Because this disease occurred when hatchery

water temperatures were below 100 C, Borg referred to this condition

as iow temperature disease," The etiological agent stained gram

negative, displayed gliding motility and did not form microcysts or

fruiting bodies. This bacterium was classified in the genus Cytophaga

and designated Cytophaga psychrophila because it failed to grow on

culture media when incubated above 25° C. Further discussions of

LTD have been published by Rucker, Earp, and Ordal (1953), Wood

(1968), and Pacha and Ordal (1970).

Pacha (1968) conducted a more complete characterization of

3
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C. psychrophila using LTD isolates collected from coho and chinook

salmon at various hatcheries in Oregon and Washington. Results of

cultural, biochemical, and serological studies revealed all strains to

be very closely related.

Pacha and Porter (1968) compared myxobacterial isolates

obtained from the surface of fish to a C. psychrophila culture. The

LTD isolate was culturally and physiologically similar to some of the

nonpathogenic strains; however, antiserum against C. psychrophila

showed no cross agglutination when tested against other myxobacterial

isolates. They concluded that serological procedures appear promis-

ing as a rapid means for distinguishing pathogenic myxobacteria

from the saprophytic types found on fish.

The influence of water temperature on disease occurrence was

summarized by Rucker, Earp, and Ordal (1953). The infection

occurred when the mean water temperature was in the range of 4. 4

to 100 C and generally the disease had subsided before the tempera-

ture r eached 1 30 C. Occasionally, mortalities persisted when the

water temperature had exceeded 130 C. Ordal and Pacha (1963) have

postulated that this may be due to the occurrence of mutant strains

capable of producing infections above this temperature.

Wood and Yasutake (1956) published results from a histopathol-

ogy study of LTD. 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. In chinook salmon (Oncorhynchus

tshawytscha) they observed the bacterium in the gills but found no

infection of the internal organs. This was previously observed by

Rucker et al. (1953) who in addition reported that during the course

of an epizootic in coho salmon a moderate rise in deaths occurred

in adjacent raceways containing chinook salmon. In recent years

serious losses have occurred among chinook salmon and C.

psychrophila routinely isolated from the internal organs (Wood,

1968). Outbreaks of this disease have also been observed by Rucker

etal. (1953) in sockeye salmon (Oncorhynchus nerka).

Since the original work in trout by Davis (1946) it has been

suspected that peduricle disease and LTD are caused by the same

myxobacterium. Bullock and McLaughlin (1970) have demonstrated

cross agglutination with isolates of both diseases.

The epidemiology of LTD is not thoroughly understood. Adult

salmon and resident fish possibly act as carriers; however, this has

not been properly investigated (Wood, 1968).

A relationship between the occurrence of deformed juvenile

coho salmon and the incidence of LTD has been observed by Conrad

and DeCew (1967). They noted large numbers of deformed fish in

hatcheries that had previously suffered severe losses due to LTD.

A bacterium with cellular and cultural characteristics similar to

C. psychrophila was isolated from the kidneys of these deformed
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fish. This symptom has also been observed by Wood (1968) who

referred to it as crinkleback disease.

Low temperature disease has been difficult to treat because

severe outbreaks often appear in the yolk-sac fry which are incapable

of taking medicated feeds. Sulfamethazine and oxytetracycline when

administered in the diet provide some protection to fingerlings (Wood,

1968). Amend, Fryer and Pilcher (1965) tested three sulfonamides

incorporated in the fish diet for the control of LTD under actual

production conditions. Sulfisoxazole and sulfaethoxypyridazine were

more effective than sulfamethazine when fish were given a continuous

four grams per 100 pounds of fish per day dosage; however, none of

these drugs completely controlled the disease. The bacteriostatic

activity of sulfisoxazole, sulfadimethoxine and sulfamethazine for

C. psychrophila using a broth dilution method was determined by

Amend, Fryer and Pilcher (1969). Both sulfisoxazole and sulfa-

dimethoxine were four times more active than sulfamethazine which

appeared to have only limited activity. Kincheloe (1962) tested the

in vitro effect of 41 drugs against myxobacteria pathogenic for fish

and found several which produced wide zones of inhibition; however,

no in vivo trials were conducted.



MATERIALS AND METHODS

Isolation and Maintenance of Myxobacterial Cultures

A total of 24 myxobacterial isolates believed to be C. psychro-

phila were obtained from various sources for this study. Eleven

cultures were isolated from fingerling coho salmon having typ&cal

symptoms of LTD. These fish were collected from six different

Oregon hatcheries. Also during the course of this study, adult coho

salmon at Siletz and Alsea River Salmon hatcheries were examined

for the presence of C. psychrophila. Four isolates obtained from

these fish were added to the investigation.

Conrad and DeCew (1967) observed that hatcheries

which had suffered severe LTD losses in their
coho salmon stock had unusually high incidences of deformed

juvenile fish. The occurrence of these fish was believed to represent

an aftermath of the LTD epizootic and a myxobacterium similar to

C. psychrophila was consistently isolated from the kidneys of these

fish. Four cultures from fish having these symptoms were ch3rac-

terized in this study. A bacterial plate count of Siletz River Salmon

Hatchery water which had passed over coho yolk-sac fry with symp-

toms of LTD was conducted using the method of Carison and Pacha

(1968). An isolate from a suspected C. psychrophila colony on one

of the plates was added to the culture collection and characterized.

7
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Each year fall chinook fingerlings from hatcheries on the lower

Columbia River suffer losses due toa myxobacterium suspected of

being identical to the LTD agent. Two isolates obtained from chinook

fingerlings during outbreaks of this infection were studied. In 1968

and 1970, Wizard Falls Trout Hatchery experienced high mortalities

in their fingerling rainbow trout caused by a myxobacterium with

characteristics similar to C. psychrophii.a. Symptoms of this dis-

ease were identical to those which are observed in coho salmon. An

isolate from the peduncle lesion of a diseased rainbow trout from this

location was examined in this investigation.

Nine of the previously mentioned isolates were contributed by

Mr. J. F. Conrad (Fish Commission of Oregon) and a peduncle disease

isolate (NH-67) from brook trout (Salvelinus fontinalis) was obtained

from Dr. G. L. Bullock, Eastern Fish Disease Laboratory, Bureau of

Sport Fisheries and Wildlife, Kearneyville, West Virginia. Table 1

provides a list of the organisms, together with their year of isolation

and source.

The myxobacteria were isolated from fish by preparing bacter-

iological cultures of the kidney and lesions on Cytophaga agar plates

(Anacker and Ordal, 1959). This medium which was routinely used

throughout the study for growing cells and maintaining stOck cultures is

composed of tryptone 0. 05%; yeast extract 0. 05%; beef extract 0, 02%;

sodium acetate 0.02%; agar (Difco)1 1.1%; and adjusted to pH 7.3.

'Difco Laboratories, Inc., Detroit, Michigan.



aCultures from fish were isolated from the kidney except the following strains; S11-67, S7-68, 9371, and WF5-68 (external lesions), S15-68 (eye),
and SiS12-68 (external slime layer).

bAll isolates except those designated were obtained from fingerling fish.
cFish Commission of Oregon
dOregon State Game Commission
eNational Fish Hatchery

Table 1. Myxobacterial isolates used in this study.

Culture no.
(strain)

Source (hatchery) Year
isolated

Isolated from
(species)a, b

Remarks

S11-67 Siletz (FCO)C 1967 Coho salmon LTD mortality
S17-67 Siletz (FCO) 1967 1 It

S3-68 Siletz (FCO) 1968 II It

S7-68 Siletz (FCO) 1968

S15-68 Siletz (FCO) 1968 U

3067 Kiaskanine (FCO) 1965
3090 Klaskanine (FCO) 1967
3088 Alsea (FCO) 1967
3096 Pelton (FCO) 1967
3097 Sandy (FCO) 1967
9371 Trask (FCO) 1967
9033 Sandy (FCO) 1966 Deformed fish
9070 Alsea (FCO) 1967

SA16-68 Siletz (FCO) 1968 U

SB3-68 Siletz (FCO) 1968 II it it

14KA-68 Alsea (FCO) 1968 Adult fish
28KA-68 Alsea (FCO) 1968
3IKS-68 Siletz (FCO) 1968 it It ii

SiS12-68 Siletz (FCO) 1968 U U

S2-68 Siletz (FCO) 1968 - - Hatchery water
3099 Kiaskanine (FCO) 1967 Chinook salmon Mortality
GC2-68

d
Gnat Creek (OSGC) 1968

WF5-68 Wizard Falls (OSGC) 1968 Rainbow trout It

NH-67
e

Berlin, New Hampshire (NFH) 1967 Brook trout Peduncle disease
mortality
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Stock cultures were transferred monthly in Cytophaga medium con-

taining 0.4% agar, incubated at 18°C for 48 hours and stored at 4°C.

Upon isolation and establishment of purity, the strains were charac-.

terzed by morphological, cultural, and physiological criteria

described in the following sections.

Cell Morphology and Gram Stain Reaction

Wet mounts of cells from 24 hour broth cultures were examined

with a phase contrast microscope. The dimensions of the cells were

determined by using an ocular micrometer.

Smears from broth cultures were prepared on glass slides and

heat fixed after drying. Hucker's modification of the gram stain

(Society of American Bacteriologists, 1957) was used to determine

gram reaction.

Motility

To determine if the strains possessed gliding motility typical

of all myxobacteria, freshly prepared plates of Cytophaga agar were

streak inoculated with the isolates and incubated for 18-24 hours.

After incubation, a cover slip was placed ov er the peripheral regions

of growth and the preparation observed under a light microscope (oil

immersion objective).



Cultural Characteristics

Growth on Various Media

The ability of the isolates to grow on various media was tested

and the colony morphology noted. Growth characteristics were

observed on Cytophaga, Furunculosis (Difco), Mueller-Hinton(Difcc4,

peptone, nutrient and peptonized milk agar (Jeffers, 1964).

Formation of Columnar Structures (Fruiting Bodies)

The method described by Ordal (1946) was used to determine

if fruiting bodies were produced on fish tissue submerged in water.

The culture flasks containing 75 ml of sterile water and a small

piece of autoclaved fish tissue were inoculated with the cultures and

observed up to several weeks for the formation of macroscopic

columnar structures. A Chondrococcus columnaris isolate was

included as a positive control.

Lytic Properties

To determine if the test organisms were able to lyse dead cell

preparations, cell agar plates were prepared from three bacterial

species: Escherichia coli, Aeromonas liquefaciens, and Staphylo-

coccus albus and from the yeast Saccharomyces cerevisiae. The

11
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substrate cells were harvested from 48 hour broth cultures, washed
2twice in phosphate-buffered saline (PBS) and suspended in distilled

water at a 10% concentration. Subsequent to autoclaving (15 psi for

15 minutes), the solution was added at a 1% concentration to 0.9%

non-nutrient agar and this suspension was overlayed on non-nutrient

agar plates. After drying overnight, these plates were spot inoculated

with the myxobacterial cultures and incubated at 18° C for two weeks.

Clearing in the overlay was considered a positive reaction.

Anaerobic Growth

To test the ability of the cultures to grow under anaerobic condi-

tions, Cytophaga agar plates were inoculated and placed in a No.

06-200 BBL3 Gas-Pak anaerobic jar with a gas pack and indicator.

A second set of inoculated plates were incubated aerobically. After

five days at 18° C the plates were examined for growth.

Sodium Chloride Tolerance

The ability of the test isolates to initiate growth at different

NaCl concentrations was tested. Sodium chloride was incorporated

in Cytophaga broth at levels of 0. 0, 0. 5, 0. 8, 1. 0, and 1. 5%. The

medium was dispensed into culture tubes (six ml per tube),

2Phosphate-buffered saline contained 0.85% NaCl,
0. 071% Na2HPO4, and 0. 0227% KH2PO4, in distilled water.

3Baltimore Biological Laboratory, Inc., Baltimore, Maryland.
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autoclaved, and inoculated with 0. 1 ml of actively growing cells of

the test organisms. Results were recorded after one week incubation

at 18° C.

pH Tolerance

To study the effect of pH on growth, the myxobacterial isolates

were inoculated into tubes containing six ml of Cytophaga broth which

had been adjusted to pH levels of 5. 0, 6. 4, 7. 0, 7. 8, 8. 4, and 8. 8.

The proper pH values were obtained with 1. ON NaOH and 1. ON HC1

by means of a Corning pH meter. Culture tubes were examined for

growth after one week.

Growth at Selected Temperatures

To determine the effect of temperature on growth of the test

isolates, Cytophaga broth tubes were inoculated and incubated at 5, 10,

15, 17, 25, and 30° C. After one week incubation, the tubes were

examined for turbidity.

Psychrophilic Nature

The psychrophilic definition proposed by Stokes (1963) requires

that a bacterium must grow rapidly enough on agar plates incubated

at 0° C to form macroscopically visible colonies within seven days.

Two LTD isolates S11-67 and S7-68 were selected to determine if
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they conformed to this definition. Cytophaga agar plates held at 5° C

were inoculated by a spread plate method (Carlson and Pacha, 1968)

with dilutions of the broth cultures and then incubated at 00 C 10 C

in a New Brunswick Psychrotherm. Additional agar plates were

inoculated and placed at 5 and 16° C to confirm that the inoculum

was viable. After seven days all plates were examined for growth.

To determine if the LTD bacterium had an optimum growth

temperature above or below 20° C, growth studies were conducted

with isolates Si 1 -67 and S7-68 in duplicate at four different temper-

atures. Sidearm flasks (300 ml) each containing 50 ml of Cytophaga

broth were inoculated with 0, 5 ml of actively growing cells and

incubated at 15, 18, 21, and 23°C (1 ° C). Growth was measured

by taking optical density readings (Bausch and Lomb Spectronic 20

set at 520 m) at six hour intervals over a 72 hour period.

Growth in Stationary and Shaken Cultures

A growth study comparing stationary and shaken cultures of

LTD isolate S11-67 was conducted in Cytophaga broth at 18°C. Two

bottles containing 1 00 ml Cytophaga broth each were inoculated with

0. 2 ml of a 27 hour broth culture; one was incubated stationary while

the other was placed on a gyrotory shaker. Samples were removed

from each bottle immediately after inoculation and at intervals of



three to six hours over a three day period. Cell counts were moni-

tored by a spread plate method (Car].son and Pacha, 1968) using

Cytophaga agar.

Physiological Characteristics

All biochemical tests were performed either in duplicate or

were repeated in separate tests. Each of the test media was inocu-

lated with young cells from Cytophaga agar or broth and unless other-

wise stated, were incubated at 18° C. Generally each test was con-

ducted over a seven day period with selected known organisms

included as controls to demonstrate positive and negative reactions.

Carbohydrate Utilization

Hugh and Leifsons' (1953) procedure as modified by Pacha and

Porter (1968) was used to determine acid production from seven sugars:

glucose, arabinose, galactose, sucrose, lactose, cellibiose, and

raffinose, an alcohol; dulcitol, and a glucoside; salicin. The carbo-

hydrates were filter sterilized and added to the basal medium asep-

tically at a final concentration of 1. 0%. The formation of a yellow

color in the medium was indicative of a positive reaction.

15



Macromolecule Utilization

The hydrolysis of casein was examined by inoculating the test

isolates on Cytophaga agar supplemented with 10% skim milk. After

incubation plates were examined for clear areas in the medium near

the region of growth.

Cytophaga agar was used as the basal medium for testing starch

and gelatin utilization by the procedures described in Manual of

Microbiological Methods (1957). A positive reaction was identified

by the occurrence of clear zones surrounding the region of growth

on starch agar after flooding with grams iodine and on gelatin medium

upon flooding with acid mercuric chloride (mercuric chloride 15.0 g;

concentrated HC1, 20.0 ml; distilled water, 100 ml).

Albumin hydrolysis was detected by incorporating 0. 2% whole

egg albumin in Cytophaga agar. Plates were inoculated with a single

streak of each culture, incubated for one week, then flooded with

acid mercuric chloride, An unprecipitated clear zone around the line

of growth was indicative of hydrolysis.

The digestion of carboxymethyl cellulose (CMC) was tested

using a modification4 of the medium developed by Emerson and Weis-er

(1963). The CMC powder was mixed with distilled water in a Waring

16

4Personal communication, Dr. K. Burnison and Mrs. P. Nitsos,
Dept. of Microbiology, Oregon State University, Corvallis, Oregon.
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blender, 0.1% peptone was added, and bromthymol blue (0.0015%)

was included to aid in the deteátion of depressions in the medium

indicative of liquefication,

Chitin utilization was determined using a method described

by Stanier (1947). Five ml of a mixture containing: 0. 1% peptone,

0. 5% chitin and 1. 0% agar was overlayed on non-nutrient agar plates.

The isolates were spot inoculated on this medium and incubated for

two weeks. Dissolution of the chitin around the area of growth in

the overlay medium was considered a positive test for chitinase.

Miscellaneous Biochemical Tests

The hydrolysis of tributyrin was tested using a medium described

by Pacha (1968). Clearing around the zone of growth indicated utiliza-

tion.

Lord (1962) described amethod to demonstrate sodium hippurate

hydrolysis. Sodium hippurate broth was prepared in five ml amounts

and inoculated with the test isolates. After 72 hours incubation 0. 8 ml

of culture was mixed with 0. 2 ml ferric chloride reagent. Formation

of a permanent precipitate indicated the presence of benzoic acid and

a positive hippurate hydrolysis test.

Esculin breakdown was tested using a medium described by

Sneath (1966). The amount of peptone in the medium was modified

from 1. 0 to 0. 5% to allow growth of the myxobacteria. The formation
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of a dark brown color in the medium was considered a positive reac-

tion.

The utilization of tyrosine was examined by inoculating the

test isolates on Cytophaga agar plates containing 0. 5% tyrosine (w/v).

Disappearance of the suspended tyrosine denoted a positive test.

To determine if the myxobacteria could hydrolyze urea, tubes

of urea broth (Difco, 1953) were inoculated and incubated at 18° C for

48 hours. A positive reaction was characterized by the formation of

a deep red color in the medium indicatingthat urea had been utilized.

Hydrogen sulfide production was tested using lead acetate strips

over tryptone broth inoculated with the test organisms. Formation

of a dark color on the paper strips indicated a positive test.

The reduction of nitrate was examined by the technique described

in Difco (1953). Formation of a pink to red color indicated the pres-

ence of nitrite. Zinc dust was added to negative tubes to determine

if reduction beyond the nitrite stage had occurred.

The tests for indole, acid (methyl red test), and acetyl methyl

carbinol production (Voges-Proskauer test) were conducted according

to the description given in Difco (1953).

Citrate utilization was examined using tubes of Koser Citrate

Broth (Difco, 1953). Growth in the medium indicated ability to

utilize citrate as a sole carbon source.

Pacha (1968) modified the litmus milk medium (Difco, 1953) by
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reducing the concentrations of litmus to 0. 04% and skim milk to 5. 0%.

In this study the original 10% skim milk was retained; however, the

dye concentration was reduced to prevent inhibition of the myxobac-

terial growth. Tubes of this medium were inoculated and observed

after 24, 48, and 72 hours for the following reactions: acidity (pink

coloration of the milk), alkalinity (purple coloration of the milk),

coagulation, reduction, and proteolysi s.

The action of the isolates on serum was tested using Loeffler's

serum slopes (Difco, 1953). The slants were streak inoculated and

examined for growth and digestion.

The hernolytic activity of the myxobacterial isolates was tested

on two different blood sources. Sterile whole defibrinated sheep blood

(5. 0%) was added to Cytophaga agar containing 0. 5% sodium chloride.

Also, blood agar plates were prepared with the same basal medium

plus citrated5 adult coho salmon blood (5. 0%). Subsequent to incuba-

tion all plates were examined for growth and hemolysis.

The catalase test was performed by immersing a loop full of

growth from a Cytophaga agar plate in a few drops of 3. 0% hydrogen

peroxide. The preparation was then observed under a low power

microscope for the evolution of bubbles denoting a positive reaction.

The presence of cytochrome oxidase was detected by the

5Citrated with 0. 3 ml of 20% sodium citrate per 1 0 ml of blood.



6Forrnalized-saline consisted of 2.0% formalin and 0.85% NaC1
in distilled water.

20

procedure of Gaby and Hadley (1957). Solutions of 1.0% alpha-

naphthol and para-amino dimethyl aniline oxalate were mixed in

equal proportions and flooded over colonies of the test organisms.

Formation of a blue color within two minutes was considered a posi-

tive test.

Serological Characteristics

A serological typing study was conducted with six selected iso-

lates from this study to determine their antigenic relationship.

Immune serum was prepared in rabbits against isolates Si 1-67 (LTD),

3067 (LTD), 3088 (LTD), NH-67 (peduncle disease), SB3-68 (deformed

juvenile coho salmon), and 31 KS-68 (adult coho salmon).

Preparation of Antigens

The cells to be used as antigen for immunizing rabbits were

grown in Cytophaga broth for four to seven days at 18° C, harvested

by centrifugation and washed three times with PBS. Then suspended

in formalized-saline6 and adjusted to a turbidity equal to 10 times

(lOX) nephelometer tube number three (Kolmer, 1951). After incuba-

tion at 4° C overnight, samples were inoculated on Cytophaga agar

plates to determine viability. This antigen preparation was diluted
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one ml (lOX) to nine ml of saline prior to injection into rabbits.

The large amounts of antigen required for the antibody titra-

tions and absorptions were cultured on Cytophaga agar slants pre-

pared in 32 ounce prescription bottles. These slants were inoculated

with four ml of actively growing cells and incubated for five days at

18°C. The cells were aseptically rinsed off the agar surface with

PBS, washed, and adjusted to a lox concentration in formalized-

saline as before. Samples of each antigen suspension were checked

for purity by preparing gram stains, examined for viability by cultur-

ing on Cytophaga agar, and stored at 4° C until used.

Preparation and Titration of Immune Serums

Each of six young adult New Zealand rabbits were immunized

with one of the six antigens. The schedule and route of antigen injec-

tions are given in Table 2. Serum samples were collected from all

rabbits prior to immunization and seven days after the last injection.

The antibody titers determined by the macroscopic tube agglutination

procedure (Kolmer, 1951) were found to be 1:160 or greater in serum

samples obtained subsequent to immunization. Approximately 50 ml

of blood were collected from the marginal ear vein of each of the six

rabbits two weeks after the last injection. Tubes containing the

bLood were held at 25° C for two hours, incubated at 4° C overnight

and then the serum drawn off and stored in bottles at -20° C.



Table 2. Schedule and rate of injections for the preparation of myxobacterial immune serums in rabbits.

a
Intravenous.

bintraperitoneal.

cisolates S B3-68 and 31KS were injected on day 12 rather than day 18.

Day Amount Injection
injected (ml) route

0.2

0.3 i.v.

0.5 i.v.

8 3.0

1.5 i.v.

10 2.0 i.v.

3.0 i.v.
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To determine if all 24 isolates used in this study possessed com-

mon antigens, antiserum prepared against isolate Si 1 -67 was reacted

with cells of each culture by the rapid slide agglutination method

(Kolmer, 1951). Serum from an uninjected rabbit and saline were

included in this test as controls.

The agglutinin titers of the immune serums when reacted with

the homologous and heterologous antigens were determined by the

macroscopic tube agglutination method (Kolmer, 1951). All antigen

suspensions were adjusted to an optical density of 0. 33 at 520 mIl. or

a Bausch and Lomb Spectronic 20. After the diluted serum and

antigen were mixed, the test was incubated for two hours at 52° C

followed by 16 hours at 4° C. All titrations were carried out in

duplicate and the lowest serum dilution tested was 1:20. The titer

was defined as the reciprocal of the highest serum dilution containing

readily detectable cell agglutination.

Absorption Methods

To detect antigenic differences between the six isolates,

separate aliquots of each antiserum were absorbed with a different

antigen. Thus six absorbed serum samples were prepared from

each antiserum. Then, the agglutinin reactions of these absorbed

serums with each antigen were conducted to determine if artibodies

remained.
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The absorption was carried out as follows: four ml of lox

antigen preparation was pipetted into each of two 1 5 ml tubes; then

the cells were pelleted by centrifugation in a clinical centrifuge and

the supernatant of each tube discarded. The cells were resuspended

in 7. 2 ml saline and 0. 8 ml of undiluted serum was added and mixed.

Each tube containing eight ml of 1:10 diluted serum plus cells was

incubated in a water bath at 37° C for two hours, then held for two

to 1 2 hours at 4° C. The cells plus absorbed antibody were removed

by centrifugation and the superantant from each tube added to new

15 ml tubes containing pelleted antigen. The suspension was mixed

and incubated as before. A total of three absorptions were conducted

after which the serum was stored at 4° C. Effectiveness of absorption

was determined by titrating the antiserum which had been absorbed

with its homologous antigen. Titers of 20 or less were considered

sufficient absorption.

The serums were then titrated (in duplicate) with each of the

six antigens using the macroscopic tube agglutination method (Jolmer,

1951). The titration was conducted as follows: 0.5 ml absorbed

serum representing a 1:10 dilution of the original serum was placed

in tube number one and two (already contained 0. 5 ml saline); two-

fold serial dilutions were then made starting from tube number two.

After the antigen had been added, the final serum dilution of tube

number one was 1:20. The test was incubated and results read as



before.

Pathogenic Characteristics

An experiment was conducted to determine if a LTD (S7-68),

peduncle disease (NH-67), deformed juvenile coho salmon (SB3-68),

adult coho salmon (31KS-68) and rainbow trout (WF5-68) isolate were

pathogenic for fingerling coho salmon. Each culture was grown for

24 hours in Cytophaga broth; examined for purity by preparation of

gram stains; and then, the cells were removed by centrifugation.

The resultant pellet was resuspended in 0. 5% NaC1 to a turbidity

estimated to contain approximately 1O7 cells/mi. Viable cell counts

of each suspension were determined by a spread plate method

(Carlson and Pacha, 1968).

Six groups of juvenile coho salmon, containing 20 fish each,

were held in separate 18 gallon tanks into which 130 C water was

continuously flowing at a rate of 0. 5 gallons per minute. First, the

fish were anesthetized with methyl pentynol (one ounce per gallon),

then injected just above the adipose fin. Each group of 20 fish re-

ceived a 0.1 ml intramuscular injection with one of the cell suspen-

sions. The control group was given 0.1 ml intramuscular injections

of 0. 5% NaCl. Each group was examined daily for symptoms of the

disease and mortalities. Bacteriological cultures on Cytophaga agar

were prepared from the kidneys of all mortalities, and from all

25



survivors sacrificed when the experiment was terminated.

Control of LTD with Furanace

In Vitro Studies

26

A serial two-fold tube dilution procedure (Anderson, 1970) was

used to determine the minimal inhibitory concentration (MIC) of

Furanace against four isolates (S1l-67 plus three recent isolates

not included in the characterization study) of C. psychrophila obtained

from juvenile coho salmon at the Siletz River Salmon hatchery.

Furanace was dissolved in Cytophaga broth containing 1. 0% dimethyl

formamide and filter sterilized. Concentrations of 0. 002 to 1 6. 000 g/

ml Furanace were prepared in culture tubes and inoculated with
4 5

10 - 10 C. psychrophila cells. After incubation fr 48 hours at

18° C the lowest drug concentration in which no visible growth

occurred was considered the MIC. The minimal bactericidal con-

centration (MBC) was determined for three of the isolates by removiag

samples of broth from tubes not exhibiting turbidity at 48 hours and

inoculating on Cytophaga agar plate. The lowest drug concentration

in the tubes from which no growth developed on the plates was consid-

ered the MBC.



In Vivo Studies

7Designed by Mr. Keith Moore, Fish Commission of Oregon.

An experiment was conducted to evaluate the efficacy of Furanace

for the control of LTD inyoung cohosalmon. Siletz River Salmon

Hatchery was chosen as the test site because an annual predictable

epizootic of LTD occurs at this station. The experiment was initiated

January 6, 1969, one week after the eggs had hatched and about four

weeks prior to anticipated occurrence of the disease. Two groups of

approximately 5, 500 and 70, 000 yolk-sac fry each were exposed to

0. 5 and 1. 0 g/ml Furanace, respectively, for one hour on every

third day for a total of 1 3 treatments over a five week period. A

continuous-flow dispenser7 was used to add the drug to the running

water in troughs which contained the test fish. Control groups of

5, 500 and 70, 000 yolk-sac fry receiving no Furanace were held in

adjacent troughs.

On February 10, 1969 the fry were transferred from the troughs

to holding tanks where they began to take feed. At this time, all

mortalities in each group were examined for the following LTD symp-

toms: lesions on the external surface, or dark discoloration on the

peduncle area of the fish. A maximum of 25 mortalities from each

group which had these symptoms were examined for C. psychrophila

by preparing bacteriological cultures from the kidney on Cytophaga

27
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agar. A positive culture of LTD on this medium was characterized

by circular convex, smooth, yellow colonies with a thin spreading

periphery. The cells were gram negative, long narrow rods.

In the second part of this experiment, 3000 fry from the group

previously treated with 0. 5 j.g/ml Furanace and 3000 fry from the

control group were transferred to two 1200 liter tanks. Three days

after receiving their last Furanace treatment as yolk-sac fry, 0. 5 ig/

ml Furanace treatments were begun in the holding tank. The fish were

treated for one hour twice a week (Monday and Thursday) for seven

weeks. The treatments were administered as follows: the water

entering the tank at a rate of 19 liters per minute was stopped, the

water level in the tank lowered slightly, and Furanace mixed thor-

oughly with the water in the tank. After one hour the normal rate of

water flow into the tank was resumed, resulting in a gradual dilution

of the 0.5 ig/ml drug concentration. Thus in reality, the fish were

exposed to diminishing concentrations of Furanace after the one hour

period. The number of mortalities occurring in each group were

recorded daily and once a week kidney tissue of 10 mortalities from

each group was cultured on Cytophaga agar to demonstrate the pres-

ence of the LTD bacterium.



RESU LTS

Cellular Characteristics

Cell Morphology and Motility

All isolates in this study possessed typical rnyxobacterial

characteristics. The vegetative cells were slender, gram negative,

weakly refractile rods with rounded ends (Figure 1) and a distinct

gliding type of motility. Individual young cells (24 hours) ranged

from 2. 8 to 5. 2 i. in length and 0. 8 to 1. 0 p in width. Older cultures

were characterized by a decrease in individual cell size and an

increase in pleomorphic and involuted forms similar to those

described by Garnjobst (1945) and Borg (1960). Microcysts were

never observed in any of the cultures.

Cultural Characteristics

Colony Morphology

Upon primary isolation on Cytophaga agar, colonies of most

of the myxobacterial isolates were bright yellow in color and had a

raised convex center with a thin spreading irregular periphery

(Figure 2). Peripheral spreading of individual colonies was increased

by surface moisture and low nutrient and agar concentrations.

29
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Figure 1. Photon-iicrograph showing cells of low temperature disease
i.solate Si i -67 (approximately 1 000X)

Figure 2. Photomicrograph showing typical colony morphology of
low temperature disease S7-68 on Cytophaga agar
(approximately 32X).
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Occasionally some isolates formed colonies which were similar in

appearance to eubacterial types. These colonies were entire and

convex with little or no spreading at the periphery. The colony

morphology of isolates 811 -67 and NH-67 was observed to change

upon continuous cultivation on artificial media. Initially they dis-

played the typical raised convex center with spreading periphery

morphology which changed to a mixture of entire and flat colonies

without a raised convex center. One of these cultures which had

changed in morphology to the entire type was observed to auto-

agglutinate in saline more readily.

The colony morphology of the test isolates was observed on

several different media. On nutrient and peptone (0. 5%) agar after

two days incubation bright yellow entire glistening colonies were

observed with all isolates. All cultures failed to grow on Mueller-

Hinton Agar and only two isolates (S11-67 and S17-67) which had been

continuously cultivated on artificial media were able to produce col-

onies on Furunculosis Agar.

Jeffers (1964) recommended peptonized milk agar as a suitable

medium for differentiating the colony morphology of freshwater

myxobacteria. The isolates in this study formed small very flat

colonies on this medium.



Columnar Structures

When Ordal's method (1946) of demonstrating fruiting body for-

mation on fish tissue was utilized no columnar structures were noted

for any of the isolates. However, very heavy growth was observed

in all culture flasks and actively motile myxobacteria were observed

after 20 days incubation. A C. columnaris isolate included in the

test as a positive control formed microscopic columnar structures

characteristic of this bacterium.

Lytic Properties

Myxobacteria have been shown to lyse cells of different micro-

organisms and utilize the nutrients released (Stolp, 1965). Cell agar

plates were prepared from three bacterial species: E. coli, A.

liquefaciens, and S. albus and from the yeast S. cerevisiae. All

test isolates produced a thin spreading type of growth on the surface

of the bacterial cell agar plates. Clear zones denoting cell lysis

were observed in the agar immediately below this growth. Poor

growth and little clearing was observed on the yeast cell agar plates

indicating that the myxobacteria were unable to efficiently break down

and utilize the yeast cells.

32



Anaerobic Growth

When the isolates were incubated for five days on Cytophaga

agar at 18° C in a BBL GasPak anaerobic jar, no growth was observed;

however, growth occurred on control plates incubated aerobically.

These findings indicated that the myxobacteria studied are aerobic

in nature.

Sodium Chloride Tolerance

The results in Table 3 show the effect of various NaCl concen-

trations on the growth of the myxobacterial isolates. All cultures

grew in Cytophaga broth containing either no salt or 0. 5%. Eighteen

of the isolates grew in salt concentrations of 0.8% while 16 cultures

produced growth at 1 . 0% NaC1. All isolates were inhibited at a

concentration of 1. 5%, These results agree with the findings of

Pacha (1968).

pH Tolerance

Cytophaga broth ranging in pH from 5. 0 to 8. 8 was used to

determine the effects of pH on growth of the test isolates. These

results are summarized in Table 4. Most of the isolates grew in a

pH range of 6. 4 to 8. 4; however, best growth was observed at pH

7. 0 to 7. 8. None of the cultures grew at the more extreme pH values
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Table 3. Effect of various sodium chi oxide concentrations on the growth of the myxobacterial isolates in Cytophaga broth.

+ + Good growth

+ Moderate growth

- No growth

Culture no. 0.0
Sodium chloride concentration (%)

0.5 0.8 1.0 1.5

S11-67 ++ ++ +

S17-67 ++ + ++ ++

S3-68 -1--f ++ ++ +

57-68 ++ ++ -
S15-68 -'-+ -i--I- + -
3067 ++ ++ +

3090 ++ ++ - -
3088 -H- -H- ++ +

3096 ++ -1* -i-+ +

3097 +-- ++ - -
9371 ++ + +

9033 ++ + + +

9070 ++ -H- -4--f- ++

SA16-68 ++ + + -
SB3-68 -H- + + +

14KA-68 4--i- +-i- -
28KA-68 ++ + -
31KS-68 ++ + + +
SiSL2-68 ++ ++ ++ +

S2-68 ++ + ++ +

3099 ++ 4-i- + +

GC2-68 ++ + + +

WFS-68 -i-+ +

NH-67 ++ +



Table 4. Effect of pH on the growth of the myxobacterial isolates in Cytophaga broth.

++ Good growth
+ Moderate growth
- No growth

pH
Culture no. 5.0 6.4 7.0 7.8 8.4

Si 1-67 - ++ ++ +

S17-67 + ++ ++ +

S3-. 68 ++ ++ ++ +

S7-68 -H- -H- ++ +

S15-68 + ++ ++

3067 ++ ++ 4-f +

3090 - ++ ++

3088 ++ ++ ++ +

3096 -H- -H- -H- +

3097 - ++ ++ +

9371 + ++ ++ +

9033 + ++ ++

9070 + ++ -H- +

SA16-68 ++ ++ ++ +

SB3-68 + +4- +4- +

14KA-68 + ++ -H- +

28KA-68 + ++ +4-

31KS-68 + ++ 4-f +

SiSL2-68 + +4- ++ +

S 2-68 -H- -H- ++ +

3099 +4- -H-

GC2-68 +4- -H- +

WFS-68 +4- ++ ++ +

NH-67 + +4- -H- +
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tested (pH 5, 0 and 8. 8). These results are in agreement with earlier

data reported by Borg (1960).

Growth at Selected Temperatures

When Cytophaga broth tubes were inoculated with the test iso-

lates and incubated for one week at various temperatures, growth

occurred from 5-25° C. These results are tabulated in Table 5. At

25° C only two isolates grew. The optimum growth temperature

appeared to be between 15-20° C with most rapid growth occurring

in the tubes incubated at 18° C. Similar results are reported by Borg

(1960) and Pacha (1968).

Psychrophilic Nature

Borg (1960) proposed that the specific epithet "psychrophilat'

be applied to the LTD bacterium because his isolates had a low

optimum growth temperature (15 to 20° C) and failed to grow at 25° C.

Controversy exists in the literature as to what characterizes a

psychrophile. According to Stokes (1963), a psychrophile must grow

rapidly enough at 0° C to become macros copically visible in one week

Two typical LTD isolates (Si 1-67 and S7-68) were studied to determine

if they fit this definition. After one week at 0° C± 1° C Cytophaga agar

plates previously inoculated with these LTD organisms were examined

with a stereoscopic binocular microscope. No growth was observed



Table 5. Effect of incubation temperature on the growth of the myxobacterial isolates in Cytophaga broth.

++ Good growth
+ Moderate growth
- No growth

300Culture no. 5° 100
Temperature (°C)

15° 18° 25°

S11-67 + ++ ++ ++
S17-67 ++ ++ ++ ++ -
S3-68 ++ ++ ++ ++

S7-68 ++ ++ ++ ++

S15-68 ++ ++ ++ ++

3067 ++ ++ ++ ++

3090 + ++ ++ ++

3088 + ++ ++ ++

3096 ++ ++ ++ ++

3097 ++ ++
9371 ++ ++ +

9033 ++ ++ ++ ++ -
9070 ++ ++ ±+ ++

SA16-68 + ++ ++ ++

SB3-68 ++ ++ -1* ++ -
14KA-68 + ++ + + ++ -
28KA-68 +

31KS-68 + -
SiSL2-68 + ++ ++
S2-68 -H- ++ -H- ++ +

3099 + ++ ++ ++ -
GC2-68 + ++ ++ ++

WF5-68 ++ ++ ++ ++ -
NH-67 + ++ ++ ++ -
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at 00 C although plates incubated at 5° C and 16° C exhibited colonies

after one week and two days respectively. Thus these isolates do not

conform to Stokes basic definition of a psychrophile.

To determine if the LTD bacterium grows most rapidly above

or below 20° C a growth study was conducted with isolates Sll-67

and S7-68. Actively growing cells of each isolate were inoculated

into duplicate sidearm flasks and held at 15, 18, 21 and 23° C (±1° C).

At approximately six hour intervals over a 72 hour p eriod optical

density readings were taken. Results of the growth study for isolates

Sl1-67 and S7-68 are given in Figures 3 and 4. Each point on the

curves represents the mean optical density of duplicate flasks. Both

isolates grew most rapidly between 15-18° C with a decreasing rate

of growth at the temperatures above 20° C.

Growth in Stationary and Shaken Cultures

A growth study of the LTD isolate S11-67 was carried out at

18° C in Cytophaga broth. Each of two bottles containing 100 ml of

broth were inoculated with 1.4 x 1O7 cells and incubated either sta-

tionary or on a gyrotory shaker. Samples were removed at various

intervals over a 72 hour period and cell concentration was monitored

by the spread plate method (Carison and Pacha, 1968) tsing Cytophaga

agar.

Results of the viable counts and computation of generation time
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Figure 3. Growth of low temperature disease isolate $11- 67 in Cytophaga broth
incubated at 15, 18, 21 and 23°C.
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Figure 4. Growth of low temperature disease isolate S7-68 in Cytophaga broth
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for both the stationary and shaken cultures are given in Table 6.

During logarithmic growth, the generation time for the shaken cul-

ture over a 16 hour period was 170.4 minutes compared to 192 min-

utes for the stationary culture (14 hour period).

Figure 5 shows the plot of the log2 of viable count of bacteria

recorded in Table 6. Both shaken and stationary cultures had a log

phase approximately 12-18 hours in length. The shaken culture

8reached greatest cell numbers (5.8 x 10 cells/mi) after 42 hours

and then decreased rapidly. Cell number in the stationary culture

increased rapidly for the first 30-36 hours, followed by a more

gradual increase which continued for the remainder of the experi-

m ent.

Physiological Characteristics

The physiological reactions summarized in Table 7 demonstrate

the homogeneous nature of the cultures studied. All isolates were

proteolytic and lipolytic but unable to degrade simple or complex

carbohydrates. Except for litmus milk and tyrosine utilization the

reactions were identical in all tests. A modification (0. 04% litmus)

proposed by Pacha (1968) was used for the litmus milk test. All

isolates after two weeks incubation at 18° C caused a slight amount

of litmus reduction. Three of these cultures also produced definite

peptonization. Variation in the ability of different Cytophaga isolates
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Table 6. Viable counts and corresponding log2 used in determinipg growth curves and generation
time for low temperature disease isolate S11-67.

Time (hours)

Time (hours)

Tjtime)
Average generation time (G) -

Stationary

No. of viable
cells per ml

Shaken

No. of viable
cells per ml

a blog2 y - log2 x

Stationary: C = 3. 21 hours
log2 1.77x10 -1og28.6SxlO

Shaken: G=
8 6

-2.85hours
log2l.l7xlO -1og22.36xlO

aNumber of organisms at the end of the time period.
bNber of organisms at the beginning of the period

Log of no.
cel?s per ml

Log2 of no.
cells per ml

42

0.00 1. 62 x 1O 17. 306
3.75 1.94 x 17. 566
6.75 3.40 x 10 18. 375

11.. 75 4. BOx 106 18. 873
14. 25 1.12 x 106 20.095
17. 25 2.36 x 106 21. 171

21. 25 5.60 x 107 22. 417
25.75 1.26 x 108 23. 587

33. 25 1.17 x 108 26. 802
43.00 5.80 x 108 29. 112

50. 25 1.90 x 105 27. 502

73.75 9.95 x 10 19.925

21.25 9.60 x 10, 23. 195
25. 75 1.77 x 107 24. 078

33.25 5.80 x 107 25. 790
43.00 8.80x 108 26. 39 1

73.75 1.32 x 10 26. 976

0.00 1.96 x 10 17.581
3.75 2.99 x 10 18. 190

6.75 5. 33 X 105 19. 024

11.75 8.65 x 106 19.723
14. 25 1.10 x 106 20 069
17. 25 4.05 x 10 .21.950
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Figure 5. Dffrent growth rates of the low temperature disease bacterium Si 1-67
in shaken aid stationary culture incubated at 18°C in Cytophaga broih.
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Table 7. Physiological reactions of the 24 myxobacterial isolates.

Test Results

Reaction on glucose, sucrose, cellibiose,
arabinose, galactose, lactose, raffinose,
dulcitol and salicin. No Acid

Carboxymethyl cellulose, starch, esculin,
chitin, citrate, and urea utilization. Negative Reaction

Casein, gelatin, whole egg albumin, tributyrin,
and sodium hippurate hydrolysis; production
of H2S and catalase. Positive Reaction

Production of indole and acetyl methyl carbinol;
cytochrome oxidase reaction; methyl red test;
nitrates reduced to nitrites; digestion of
Loeffler's serum slopes; hemolysis on sheep
or coho salmon blood agar. a

Tyrosine hydrolysis; litmus milk reaction.

Negative Reaction

Variable Reaction

akolates 9070, 14KA, SISL2, 31KS-68 and SB3-68 were not tested on coho salmon blood agar plates.

bEight of the 24 isolates were unable to hydrolyze tyrosine while three cultures peptonized the litmus
milk medium and the others produced only slight reduction of the litmus dye,

44



to hydrolyze tyrosine was reported by Pacha (1968). In this study

eight of the 24 isolates were unable to hydrolyze this amino acid.

Of these eight cultures, six were obtained from deformed juvenile

and adult salmonids.

Serological Study

Immune serums were prepared in rabbits against six selected

isolates from this study. Table 8 shows the agglutinin titers of the

immune serums when reacted with their homologous and heterologou.s

antigens as determined by the macroscopic tube agglutination pro-

cedure. Cells from each of the six isolates agglutinated with each

immune serum indicating that common antigens were shared by all

cultures.

To determine if differences in antigenic composition could be

detected between the test strains, reciprocal absorption procedures

were conducted with each serum sample. Then, all absorbed prepara-

tions were tested with each of the cell antigens by the macroscopic

tube agglutination method. Table 9 presents the results of this

experiment. No distinct serological difference was evident between

any of the five isolates collected from fish in Oregon. Thus, the

LTD cultures (Sl1-67, 3067, 3088) isolated from coho fry at three

Oregon fish hatcheries, the one obtained from a deformed juvenile

(SB3-68), and that from an adult coho salmon (31KS-68) were all
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Table 8. Agglutinin titera of the inimune serwns prepared against six myxobacterial isolates and reacted with their homologous and heterologous
antigens.

aThe titer was defined as the reciprocal of the highest serum dilution containing readily detectable cell agglutination.

1'Each antiserum is designated by the cujture number which was used as the antigen in the preparation of the immune serum.

b
Antiserum S11-67

Organism (antigen)
3067 3088 NH-67 SB3-68 31KS-68

S11-67 1280 640 1280 1280 320 320

3067 640 1280 640 640 1280 1280

3088 640 640 1280 160 640 1280

NH-67 320 320 160 320 320 320

S83-68 160 160 160 80 160 160

31KS-68 320 320 320 160 320 640



Table 9. Antigenic analysis of six selected myxobacterial isolates.

Antiserum Absorbing Agglutinin titer when tested with cells

cells S11-67 3067 3088 NH-67 SB3-68 31KS-68

S11-67 Unabsorbed 1280 640 1280 1280 320 320

S11-67 20 0 0 0 0 0

3067 0 0 0 0 0 0

3088 0 0 0 0 0 0

NH-67 640 320 320 0 80 160

SB3-68 0 0 0 0 0 0

31KS-68 0 0 0 0 0 0

3067 Unabsorbed 640 1280 640 640 1280 1280

S11-67 0 0 0 0 0 0

3067 0 0 0 0 0 0

3088 0 0 0 0 0 0

NH-67 320 320 160 0 160 320

SB3-68 0 0 0 0 0 0

31KS-68 0 0 0 0 0 0

3088 Unabsorbed 640 640 1280 160 640 1280

S11-67 0 0 0 0 0 0

3067 0 0 0 0 0 0

3088 20 20 20 20 20 20

NH-67 320 320 320 0 320 320

SB3-68 20 20 20 20 20 20

31KS-68 20 20 20 20 20 20



Table 9. Continued

Antiserum Absorbing
cells S11-67 3067 3088 NH-67 SB3-68 31KS-68

NH-67 Unabsorbed 320 320 160 320 320 320

S11-67 20 20 0 160 0 0

3067 0 0 0 160 0 0

3088 0 0 0 320 0 0

NH-67 0 0 0 0 0 0

SB3-68 0 0 0 160 0 0

31KS-68 0 0 0 160 0 0

S83-68 Unabsorbed 160 160 160 80 160 160

S11-67 0 0 0 0 0 0

3067 0 0 0 0 0 0
3088 0 0 0 0 0 0
NH-67 40 40 20 0 40 40

SB3-68 0 0 0 0 0 0

31KS-68 0 0 0 0 0 0

3 1KS-68 Unabsorbed 320 320 320 160 320 640

S11-67 0 0 0 0 0 0

3067 0 0 0 0 0 0

3088 0 0 0 0 0 0

NH-67 80 80 80 0 40 80

SB3-68 0 0 0 0 0 0

31KS-68 0 0 0 0 0 0
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antigenically indistinguishable.

Isolate NH-67 was particularly interesting in this study because

it was collected during a peduncle disease outbreak in brook trout

(Salvelinus fontinalis) at the Berlin, New Hampshire National Fish

Hatchery. As shown in Table 9 NH-67 cells failed to remove all the

antibodies in the immune serums prepared with the Oregon isolates.

Also, NH-67 antiserum absorbed with cells from any of the other five

isolates still agglutinated NH-67 cells with at least a 1:160 titer.

These results indicate that although all six isolates shared at least

one common antigen, the Oregon strains possessed one or more

unique antigens not shared by NH-67. Similarly, NH-67 contained

antigens not found in the Oregon isolates.

The rapid slide agglutination method using the antiserum pre-

pared with S11-67 cells was conducted with the remaining 18 isolates

to determine if they also possessed common antigens. All isolates

agglutinated in the immune serum and no reaction occurred with

normal serum and saline controls.

Pathogenicity of Selected Isolates

To determine the pathogeriicity of a LTD, adult coho salmon,

deformed juvenile coho salmon, peduncle disease, and rainbow trout

isolate, separate groups of juvenile coho salmon were injected intra-

muscularly in the peduncle region with a washed saline cell suspension
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of each culture. Table 10 indicates the number of cells injected,

the mortality data for each group, and the percent recovery of the

organism from the injected animals. The total loss ranged from

10. 0 to 95. 0%. Except for the rainbow trout isolate (WF5-68) the

groups which received a large number of cells suffered a greater

number of mortalities.

The first mortalities were observed after three days in those

fish receiving the highest number of cells. The early mortalities had

large hemorrhagic areas at the injection site. After four days open

lesions had developed and all fish having these symptoms eventually

died. The last mortality occurred on the 15th day and none of the

survivors displayed symptoms of the disease after 21 days. At the

end of the experiment (21 days) all survivors were sacrificed and

cultured in an attempt to recover the injected organism; however,

no isolates were obtained.

The injection of i6 cells (isolates 31KS-68 and SB3-68)

resulted in a 95. 0% and 85. 0% loss respectively, much higher than

fish injected with 1O5 cells (isolates S7-68 and NH-67), Apparently

WF5-68 was more virulent than S7-68 or NH-67 because a lower

number of cells produced a higher loss. Isolates S7-68 and NH-67

had been carried on artificial media for an extended period of time

which may expiain their reduced virulence.



Table 10. Results of injecting juvenile coho salmon intramuscularly with viable cells of selected myxobacterial isolates.

aCeji numbers determined by the spread plate count method.

bTwenty juvenile coho per group.

CMortalities and surviving fish examined.

Isolate No. Number of
cells

injected a

Number of
b

mortalities
Percent

loss
Recovery of organism
from injected animals

percentC

S7-68 1.5 x 2 10.0 10.0

31KS-68 1.2x106 19 95.0 90.0

NH-.67 2.6x 10 2 10.0 10.0

SB3-68 1.0x106 17 85.0 75.0

WFS-68 9.Ox 10 12 60.0 50.0

Control Saline 0 0.0 0.0



Control of LTD with Furanace

In Vitro Studies
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Furanace, a new nitrofuran, was tested for its in vitro activity

against C, psychrophila by conducting MIC determinations. The tube

dilution procedure (Anderson, 1970) employed in this study involved

the preparation of various Furanace concentrations in Cytophaga

broth which were then inoculated with the test isolates. The MIC was

defined as that concentration of drug in which no visible growth

occurred after incubation for 48 hours at 18° C. Of four isolates

tested, three were inhibited at a concentration of 0. 007 ig/ml

Furanace and the fourth culture which had been carried extensively

on laboratory media failed to grow at a level of 0. 062 g/ml.

The MBC was determined for three of these isolates by sub-

culturing from the tubes in the MIC test not exhibiting growth after

48 hours. Samples were inoculated on Cytophaga agar plates. The

lowest drug concentration in the tubes from which no growth developed

on the plates was considered the MBC, Values of 4. 0 (one isolate)

and 8.0 (two isolates) g/ml Furanace were obtained. Thus, the LTD

isolates were inhibited by the chemotherapeutic agent at very low

concentrations; however, considerably higher levels were required

for bactericidal activity.



In Vivo Studies
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To determine if Furanace was effective in protecting young coho

salmon against a natural outbreak of LTD an experiment was carried

out at Siletz River Salmon Hatchery which experiences an annual

predictable LTD epizootic in their fingerling coho. The initial phases

of the experiment involved 0. 5 and 1. 0 g/ml Furanace treatments

of the yolk-sac fry. Fish having typical LTD symptoms were noted

several days prior to the last treatment; however, the incidence of

these symptoms in all test groups was too low to evaluate the efficacy

of Furanace for control of this disease.

Fish from the 0. 5 p.g/ml treated group were transferred to a

holding tank and continued to receive Furanace twice weekly for

seven weeks, The control fish which had never been exposed to

this drug were placed in an adjacent tank. Within two weeks after

transfer high losses occurred in the control group. Figure 6 shows

the daily los s incurred in the 0. 5 ig/ml treated and control group

(no Furanace). The total loss in the control group was 41.8% (1253

fish) compared to 0. 5% (15 fish) in the treated group. Cytophaga

psychrophila was isolated from kidney tissue of mortalities each

week in the control group, but never from the small number of

mortalities examined in the treated group. The LTD bacterium if

present in the treated mortalities was not detected. These results
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demonstrate that Furanace can provide an effective means of control-

ling LTD in young coho salmon.

Epidemiological Observations

The natural reservoir for the LTD bacterium has not been

thoroughly eamined. Resident fish and spawning adults salmonids

have been suggested by Pacha and Ordal (1970) and Wood (1968) as

possible carriers of the LTD bacterium.

To investigate this possibility bacteriological cultures were

prepared on Cytophaga agar from the kidneys of 40 adult coho salmon

females spawned at the Siletz River Salmon Hatchery. These fish

which had no apparent disease symptoms were sacrificed during the

spawning procedure. The plates after incubation at 16° C were

e.amined for colonies typical of C. psychrophila. Cells from sus-

pected colonies were gram stained and tested with the rapid slide

agglutination procedure using rabbit antiserum prepared against a

Siletz LTD isolate (Sli -67). Cytophaga psychrophila was isolated

from 55% of the fish examined.

Because these fish prior to examination had been spawned

(sacrificed and peritoneal cavity opened) contamination from external

sources could not be discounted. For this reason three unspawned

fish were obtained from this hatchery and carefully examined for

the presence of C. psychrophila. Isolates agglutinating with the
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Si 1 -67 antiserum were obtained from the slime layer of two fish and

from the blood, liver and kidney of all three animals.

The Alsea River Salmon Hatchery experiences an annual LTD

epizootic among their young coho salmon. To determine if the return-

ing adults of this station also carry this organism, 41 unspawned

adults (11 male and 30 females) were examined in a manner similar

to those at the Siletz River Salmon Hatchery. Cytophaga psychrophila8

was isolated from the kidneys of five males and 17 females for a total

of 54% of the animals examined. Thus, approximately 50% of the

adult salmon at both the Siletz and Alsea hatcheries were shown to

carry C. psychrophila.

An attempt was made to isolate the LTD organism from the milt

and eggs surfaces of the Siletz Hatchery adult coho. Additional sam-

ples were collected during incubation, just prior to hatching, and

from eggs which failed to develop properly. These attempts at

isolation were unsuccessful due to bacterial overgrowth of the plates

primarily by Pseudomonas and Bacillus species.

Egg internal fluids were also examined from the presence of

the LTD organism. Samples extracted with a syringe and needle

after swabbing the surface with tincture of iodine were inoculated on

Cytophaga agar. No LTD bacteria were isolated.

8Four adult isolates, two from Siletz (31KS-68, SiS1Z-68) and
two from Alsea (14KA-68, 28KA68) hatcheries were extensively
characterized during this study.
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Since the original study by Borg (1960) demonstrating that C.

psychrophila was responsible for heavy losses in coho salmon, this

bacterium has been identified as the etiological agent of a number

of infections in several different salmonid species. In Oregon, out-

breaks of LTD are known to occur in young coho salmon at most fish

hatcheries located on the coastal rivers. During the course of this

investigation C. psychrophila was shown to cause losses in hatchery

reared fall chinook salmon and steelhead trout on the lower Columbia

River. Cutthroat trout from Cedar Creek Trout Hatchery had symp-

toms identical to LTD in coho salmon and were found to be infected

with C. psychrophila. At Wizard Falls Trout Hatchery both rainbow

trout and coho salmon fingerlings experienced severe epizootics

caused by the LTD bacterium. Also yearling kokanee mortalities

examined from Suttle Lake in the Spring of 1971 were infected with

C, psychrophila. In this instance C. psychrophila was responsible

for an epizootic among fish which had been introduced into this lake.



DISCUSSION

Characterization Study

The characterization of C. psychrophila was undertaken to

extend the description of the LTD bacterium first reported by Borg

(1948). Isolates were collected from coho fingerlings having typical

symptoms of LTD at six different Fish Commission of Oregon hatch-

eries. During this study, additional isolates thought to be related to

the LTD bacterium were obtained from Siletz River Salmon Hatchery

effluent water, from fall chinook, rainbow and brook trout fingerlings,

and from deformed juvenile and adult coho salmon.

A total of 24 cultures were compared on the basis of morpho-

logical, cultural, biochemical and serological features. The results

revealed that all were very closely related and should be considered

isolates of C. psychrophila.

The observations made in the cultural and biochemical charac-

terization study generally are in agreement with the results obtained

by Borg (1948) and more recently Pacha (1968). This homogeneous

group of isolates were gram-negative flexible rods exhibiting a gliding

type of motility. Microcysts and fruiting bodies were not formed.

On Cytophaga agar most cultures formed yellow colonies with raised

centers and thin spreading peripheries. Their optimum growth tem-

perature was between 15 to 18° C with no growth above 25° C. These
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strict aerobes were weakly catalase positive and cytochrome oxidase

negative.

Unlike many members of the genus Cytophaga (Stanier, 1940;

Pacha and Porter, 1968), these isolates did not produce acid in any

of the carbohydrates tested. However, proteolytic and lipolytic

activity was observed with all cultures. Pacha (1968) indicated that

this activity may be directly related to the pathogenicity of the bac-

te r ium.

Cultures varied in their ability to, utilize tyro sine and to pep-

tonize litmus milk medium. Pacha (1968) studied 10 isolates and

found two that degraded tyrosine. In this study 16 of 24 were posi-

tive. Most isolates produced only slight reduction in litmus milk,

however, three cultures actively peptonized this medium. In contrast

to the results reported by Pacha (1968), all isolates produced hydro-

gen sulfide in tryptone broth. These results represent the only major

difference from those reported by Pacha (1968).

Since C. psychrophila has an optimum growth temperature

between 15° to 18° C and a maximum growth temperature of 25° C

this bacterium should be classified as a psychrophile. The basic

definition of a psychrophile as proposed by Stokes (1963) requiring the

production of visible growth after one week at 0° C was not fulfilled

by the two representative isolates studied. However, growth may

occur very near this temperature because Borg (1948) observed slight
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growth in broth after three days at 3° C. Also, in the current study

the plates incubated at 5° C exhibited colonies after seven days.

Possibly a medium developed to produce optimal growth of C.

psychrophila might have facilitated the appearance of colonies within

one week at 00 C.

Common antigens were shown to be present in the 24 isolates

included in this study. Possibly all C. psychrophila strains share a

common group antigen. Pacha (1968, 1970) and Pacha and Porter

(1968) have suggested that this bacterium may be serologically dis-

tinct from other myxobacteria because LTD antiserum failed to cross-

react with 32 nonpathogenic cytophagas isolated from the surface of

fish. Therefore serological procedures could provide a rapid method

for the identification of C. psychrophila.

To determine if antigen differences existed between isolates

of C. psychrophila, a serotyping study was conducted. The antigenic

analysis of the six isolates revealed no distinct serotypes among those

collected in Oregon. However, the low agglutinin titers attained in

some of the serums could have precluded detection of some antigens.

The antigenic differences noted between the peduncle disease strain

(NH-67) and Oregon cultures suggest that at least two serological types

of C. psychrophila exist. Antigens unique to the Oregon cultures

represent one type and those unique to strain NH-67 represent the

other. More isolates will have to be collected from a variety of
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sources outside of Oregon before any conclusions can be made con-

cerning the number of distinct types of C. psychrophila that exist.

Near the end of this study, both NH-67 and Sli -67 were

observed to change in colony morphology from the raised center and

spreading periphery type to a mixture of entire and flat colonies.

It is not known if these changes reflected any modification in anti-

genic structure.

Besides the typical LTD isolates from young coho salmon,

several other cultures from various sources were also shown to be

c. psychrophila. In Oregon during the present study, this bacterium

was observed in five species of fish including: coho, chinook and

sockeye salmon, and rainbow steelhead and cutthroat trout (Salmo

clarki clarki). A culture (WFS-68) from rainbow trout and two (3099

and GC2-68) from chinook salmon fingerlings were included in the

characterization study.

Isolate S2-68 was obtained from hatchery water which had

passed over yolk-sac fry having symptoms of LTD. Plate counts

of Siletz River Salmon Hatchery effluent water revealed myxobacterial

counts of 460 cells/mi compared to 1.7 x cells/ml in the effluent

water. Thus it appears that large numbers of LTD bacteria are

released from diseased fish.

Conrad and DeCew (1967) isolated amyxobacterium which they

tentatively identified as C. psychrophila from the kidneys of deformed
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juvenile coho salmon. The examination of four isolates from deformed

fish in this study confirmed this identification. The deformed juvenile

isolate SB3-68 from Siletz River Salmon Hatchery was serologically

indistinguishable from the LTD cultures included in the antigenic

analysis.

Since deformed fish are observed most often at fish hatcheries

which suffer severe losses due to LTD (Conrad and DeCew, 1967),

C. psychrophila is suspected as the etiological agent of this deformed

condition, Histopathology studies should be carried out to confirm

this observation.

Cytophaga psychrophila was isolated from the kidneys of approx-

imately 5O% of the adult coho salmon examined at Siletz and Alsea

River Salmon hatcheries. This represents the first report concerning

the observation of the LTD bacteria in adult salmon. It is probable

that the disease agent is transmitted from the adult fish to the eggs

and then to the susceptible fry. This supposition is supported by

Borg (1948). Several attempts to isolate the organism from the

surface and interior of coho salmon eggs were unsuccessful; how-

ever, most often the plates were overgrown with other bacteria pos

sibly concealing the presence of C. psychrophila. It is not known if

coho salmon carry the LTD bacterium while in the sea or if they

become infected upon reentering fresh water during spawning migra-

tion. Deformed juvenile coho fingerlings representing an aftermath
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of LTD outbreaks have been shown to carry the LTD bacterium.

These fish which are present in the hatchery during the summer and

fall months may release the organism into the water through which

the adult salmon pass. Other possible sources of the disease agent

include: resident fish, other forms of animal life, and dead organic

matter (Wood, 1968). Obviously, more studies are needed to eluci-

date the epidemiology of this disease. At this time circumstantial

evidence concerning the contamination of fish eggs with the LTD

bacterium from adult fish is substantial enough to warrant disinfec-

tion of the egg surfaces prior to transfer to other locations.

Borg (1948) suggested that peduncle disease in trout from the

eastern United States and LTD in salmon of the Pacific Northwest are

caused by the same myxobacterial agent. Bullock and McLaughlin

(1970) confirmed this relationship by demonstrating antigenic simi-

larities between isolates from each disease. The results obtained

in the present study involving peduncle disease isolate NH-67 support

their findings. This bacterium except for certain antigenic differences

was identical to the LTD isolates studied. It remains to be determined

whether other peduncle disease isolates from trout could also be

serologically distinguished from the LTD cultures of Oregon.



Control

The results of both the in vitro and invivo studies revealed

that Furanace possessed a great deal of activity against C. psychro-

phila. In the in vivo studies, 0, 5 ig/ml Furanace treatments admin-

istered one hour twice weekly provided complete protection against

the LTD bacterium. Thus, Furanace can be effectively administered

merely by adding the chemotherapeutic to water containing the fish.

Because LTD may at times become severe in yolk-sac fry, which will

not take medicated feed, this treatment procedure could be very

effective for controlling the disease. Possibly fewer treatments

could have been administered in this experiment with the same

results and less chance of developing resistant organisms. With

columnaris, another myxobacterial disease of fish, Amend (1970)

has suggested that two one hour 0. 5 ig/ml Furanace treatments 24

hours apart would be sufficient to control the disease. To prevent

reinfection, weekly or biweekly treatments may be required. More

studies are needed to determine the optimum prophylactic and thera-

peutic schedule for administration of Furanace to control LTD in

coho fry and fingerlings. The results obtained in this investigation

demonstrate that Furanace can be used effectively for the prevention

and control of LTD in young coho salmon.
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SUMMARY AND CONCLUSIONS

On the basis of morphological, cultural, biochemical, and

serological criteria the 24 myxobacterial isolates obtained

from selected sources were all shown to be strains of C.

ps ychrophila.

The LTD cultures collected from coho s3lmon fingerlings at

six different fish hatchery locations in Oregon were biochem-

ically very homogeneous and all shared at least one common

antigen.

These c. psychrophila cultures were classified as psychrophiles

because they failed to grow above 25° C and had an optimum

growth temperature below 20° C.

A serological typing study revealed no antigenic differences

among three LTD cultures, an isolate obtained from a deformed

juvenile coho salmon, and one from an adult coho salmon.

The peduncle disease isolate from a brook trout collected at

Berlin, New Hampshire shared at least one common antigen

with the Oregon myxobacterial isolates; however, antigens

unique to each were also demonstrated.

A LTD, adult coho salmon, deformed juvenile coho salmon,

peduncle disease, and rainbow trout isolate produced death in

fingerling coho salmon when injected intramuscularly indicating
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that they are pathogenic for this species.

A myxobacterium isolated from deformed juvenile coho salmon

at fish hatcheries which had previously suffered an epizootic

of LTD was demonstrated to be C. psychrophila.

Approximately 50% of the spawning adult coho salmon examined

at Siletz and Alsea River Salmon hatcheries were shown to be

carrying C. psychrophila; hence the disease agent may be

transmitted from the adult to the eggs.

In in vitro studies, the growth of LTD isolates was inhibited at

very low concentrations of 0. 007 and 0. 062 g/ml Furanace;

however, considerably higher levels of 4. 0 and 8. 0 Lg/ml were

required for bactericidal activity.

1 0. In in vivo studies, 0. 5 ig/ml Furanace treatments administered

one hour twice weekly in the water containing young coho salmon

at Siletz Hatchery provided complete protection against the LTD

bacterium.
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