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The range of occurrence of Ceratomyxa shasta was ex-

tended to include the lower 133 miles of the Willamette

River, Oregon. Susceptible salmonids were held in live-

boxes within the river system to determine the extent of the

river where they would become exposed to ceratomyxosis. No

infections were obtained in the exposed fish at or upstream

from mile 134.

The source of ceratomyxosis for the Willamette appears

to be the main river channel and the disease agent does not

enter from tributaries. For most years tested, salmonids

developed ceratomyxosis when exposed to Willamette River

water from early April through the later half of November.

Attempts to transmit the disease to uninfected fish in

laboratory experiment,' which used infected tissue, a mud

substrate, and flowing pathogen-free water were unsuccessful.

of . shasta was accomplished by an injection



procedure which was used to determine which parasitic cell

type was capable of initiating the infection. The suscepti-

bility of selected salmonid species to ceratomyxosis by

inoculation was also determined.

Nine salmonid species were tested for their susceptibi-

lity to ceratomyxosis by natural exposure. A high percent

mortality and a short mean time to death characterized sal-

monids with high susceptibility to the disease. These in-

cluded rainbow, cutthroat and brook trout and chum and one

strain of fall chinook salmon. Sockeye and spring chinook

salmon had low susceptibility to ceratomyxosis as indicated

by low percent mortality and an extended mean time to death.

Brown trout, Atlantic and coho salmon were moderately sus-

ceptible and had intermediate values for percent mortality

and mean time to death.

Variation in susceptibility to ceratomyxosis was in-

vestigated between different strains of the same species of

salmonid. A practical application of this study was to

provide data for the selection of a strain of fall chinook

salmon for use within the Willamette River drainage. Four

strains of fall chinook salmon were chosen. Three strains

originated from hatcheries located within the lower Columbia

River system, which has been shown to contain C. shasta,

while the fourth was from an Oregon coastal river, where the

disease does not occur. Fish of these four strains were ex-

posed to - eratomyxosis which subsequently was detected in 95



percent of the coastal fall chinook salmon strain and only

9 percent of the Columbia River basin strains. Fish of the

strains originating from the Columbia River basin possessed

a high degree of resistance to the disease. That resistance

can be passed genetically is possible, since none of the in-

dividuals tested had been previously exposed to the disease.

Two strains of rainbow trout which were cultured for

resistance to ceratomyxosis were exposed to the disease.

Both strains displayed resistance to ceratomyxosis and il-

lustrated that resistant strains could offer a solution to

fisheries agencies which manage waters where ceratomyxosis

occurs.

The histopathology of rainbow trout infected with C.

shasta was described. A group of rainbow trout were ex-

posed to ceratomyxosis and tissue samples were examined

histologically to check the progress of the disease with

time. Infection was first detected in the pyloric caeca

and descending intestine followed by a massive infection of

the digestive tract and its associated organs. Intestinal

mucosal epithelium was sloughed off and cells of the lamina

propria, stratum compactum, and stratum granulosum pro-

liferated to form a fibrous granulomatous layer in places of

exposure to the intestinal lumen. Infection of visceral

organs other than the intestines occurred from trophozoites

which penetrated into the surface of the organs from the

body cavity. Death of the host occurred when trophozoites

infected the digestive system for most of its length.
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HOST SUSCEPTIBILITY, HISTOPATHOLOGIC, AND.TRANSMISSION
STUDIES ON CERATOMYXA SHASTA, A MYXOSPORIDAN

PARASITE OF SALMONID FISH

INTRODUCTION

The importance of Ceratomyxa shasta to the management

of salmonid fisheries in waters where this protozoan para-

site occurs has become increasingly evident. Since its des-

cription by Noble (1950), ceratomyxosis, a disease of trout

and salmon, has caused losses in fish hatcheries and in cer-

tain cases forced the use of alternative non-contaminated

water sources. High losses in some Oregon trout fisheries

have been attributed to this disease. It has caused the

management agencies to use less susceptible species of sal-

monids in waters where the parasite is found. Anadromous

fish are affected by ceratomyxosis since populations of

susceptible salmonids have to pass through waters containing

the infectious stage of C. shasta during their migrations.

The pathogenicity of C. shasta to salmonids has been well

documented. Thus the potential threat of this disease for

anadromous and resident salmonid population is present and

formed the basis for this research.

The purpose of this study was to investigate the bio-

logy of the parasite and to provide useful methods to manage

fish populations in waters where this disease occurs. The

objectives were to: (1) further investigate the range of

the parasite in Oregon waters, (2) establish the seasonal
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occurrence of the disease, (3) test the susceptibility of

different specie: and strains of salmonids to the disease,

(4) research the mode of transmission of the parasite from

infected to uninfected fish, and (5) describe the effect of

C. shasta infection on the tissues of a host species.

Ceratomyxa shasta is classified with the group of

Protozoa called the Myxosporida. There is little known con-

cerning the life history of these parasites even though

several members are important pathogens of cultured salmo-

nids. More information is needed on this group of fish

parasites before the life history will be understood. There

are several advantages of selecting C. shasta as a model for

myxosporidan life history research. First, the patent

period for C. shasta is short compared to many myxosporidans

and patency can be accelerated by increasing the water tem-

perature. Second, ceratomyxosis is easily identified since

spores can be extracted from intestinal tissues. This makes

examination of large numbers of fish possible and, therefore,

the sample size of experiments can be increased. Infections

of fish with most other mysoxporidans are more difficult to

diagnose. Histological preparations are often required be-

fore many other myxosporidan infections can be identified.

This is time consuming and often limits the sample size of

experiments.

Investigations into the mode of transmission of

myxosporidans have not resulted in any conclusive
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descriptions of their life histories. Myxosporidans seem to

have several requirements for the maturation of the spore

stage before it can infect fish. A disadvantage of using

C. shasta for transmission studies is that the requirements

for the maturation of its spores appear more stringent than

for certain other myxosporidans. Any new information con-

cerning the transmission of these parasites is valuable be-

cause data are lacking in this area.
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LITERATURE REVIEW

Ceratomyxa shasta was first described by Noble (1950)

from an epizootic in rainbow trout (Salmo gairdneri) at

Crystal Lake Hatchery, Shasta County, California. The

trophic and spore stages of the parasite were described

from preserved specimens. The trophozoite stage is rounded

in shape and has granular endoplasm. A trophozoite matures

to form a sporoblast about 2011 in diameter and usually con-

tains two spores. Spores of C. shasta have broadly rounded

ends, and the shell valves are strongly arched posteriorly.

Shell valves are joined by a suture line which is distinctly

raised. Two polar capsules are located near the anterior

end of the spore, one to each sporoplasm. This new species

was the first member of the genus reported in freshwater

fish. All other species had been reported from the gall or

urinary bladder of marine fish. Ceratomyxa shasta was also

the first histozoic member of the genus described since it

was found widely distributed in the tissues of the rainbow

trout hosts.

The terminology used to describe the stages of myxo-

sporidan life cycles (Kudo, 1930) can be applied to the des-

cribed stages of C. shasta. Megalitch (1960) used the term

"trophozoites" to include all vegetative stages. Smaller

trophozoites with a low number of nuclei are termed "young",

while larger ones with a greater number of nuclei are termed

"mature" or "older". Noble (1950) used a similar system to
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describe the relative complexity of trophozoites. He desig-

nated a trophozoite with visible spores a "sporoblast" while

Schafer (1968) termed that stage a "pansporoblast". Since

the life history of C. shasta has not been described, any

further extension of the existing nomenclature seems un-

founded without knowing the roles of the various stages.

The most commonly used terms for vegetative stages in this

report will be trophozoites and sporoblasts as defined by

previous authors.

The symptoms of fish infected with C. shasta were des-

cribed by Wales and Wolf (1955) and Schafer (1968). Dis-

eased rainbow trout first showed a loss of appetite, became

listless, and sought quiet waters. Body coloration became

darker. Ascites fluid accumulated in the coelom and the

abdomen became swollen. Exophthalmia occurred late in the

infectious process just prior to death. Conrad and Decew

(1966) described the symptoms of coho (Oncorhynchus kisutch)

and spring chinook salmon (O. tshawytscha) and steelhead

trout (S. gairdneri) infected with C. shasta from Oregon

rivers. The symptoms differed for each species infected.

Juvenile spring chinook salmon had large pustules on the

side which extended inward toward the kidney. Many spores

and trophozoites were found in the necrotic tissues. The

vents of infected young coho salmon were often enlarged and

inflamed, and many fish appeared emaciated. The symptoms

of steelhead trout were similar to those reported for
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domestic rainbow trout by Wales and Wolf (1955) and Schafer

(1968).

The extent of C. shasta infections within the body of

the fish host appears to be greater than for other members

of the genus (Noble, 1950). The following fish organs con-

tained stages of Ceratomyxa: the entire alimentary tract in

nearly all layers, subcutaneous connective tissues, gill

capillaries, uriniferous tubules of the kidney, spleen,

liver, gall bladder and gonads. Infections of the eyes of

coho salmon were reported by Schafer (1968). Conrad and

Decew (1966) found C. shasta spores in the epaxial muscle

tissues of spring chinook salmon adjacent to the external

lesions. Sanders, Fryer, and Gould (1970) sampled all

visceral organs as well as the eyes, muscles, and gills of

salmonids. Of these, the intestine and gall bladder yielded

parasites consistently upon examination. To date, there has

been no detailed histopathologic study on ceratomyxosis in a

fish host.

There are currently no chemotherapeutic agents which

have proven effective in controlling C. shasta. The most

productive means of preventing C. shasta infections in fish

hatcheries has been to avoid waters containing the infec-

tious stage of this parasite. Epizootics of ceratomyxosis

occurred at Crystal Lake Hatchery (California Department of

Fish and Game) one year after its completion in 1947 (Wales

and Wolf, 1955). Hatchery water was obtained from Crystal
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Lake which proved to be a source of the disease. An alter-

native spring water supply eliminated the disease from the

hatchery (Schafer, 1968). Ceratomyxa infections have been

obtained. in juvenile salmonids in waters of the Columbia and

Deschutes Rivers in Oregon (Conrad and Decew, 1966) and in

Washington (Wood, 1968). Hatcheries located on or near

these rivers utilize water sources free of the infectious

stage of the parasite. The danger of contamination of

hatchery water is always present and personnel are cautioned

to prevent contamination.

Two recent studies have appeared concerning treatment

methods for waters containing the infectious stage of C.

shasta to make the water safe for rearing salmonids. Bedell

(1971) tested the use of ultraviolet irradiation and chlo-

rination to inactivate the infectious agent of C. shasta.

Both methods reduced the prevalence of ceratomyxosis in

tests but neither completely eliminated it. In a more ex-

tensive study, Sanders, et al. (1972) determined that sand

filtration followed by ultraviolet irradiation and also

chlorination were effective means of reducing exposure to

the disease in a hatchery water supply. Sand filtration

alone, however, was not effective. These methods, combined

with the realization that C. shasta infections are probably

not transmitted airectly between fish may permit the safe

use of waters for fish culture which contain the infectious

agent. Water treatment methods would have to be very
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effective because exposure of very short durations to un

treated water in these experiments have resulted in high

prevalence of infection (Sanders, 1967).

Reports of C. shasta infections in salmonids have ap-

peared since its original description in California (Noble,

1950). It is necessary to make the distinction between in-

fections which have resulted from exposure of fish held in

specific locations versus infections which appear in fish

exposed during their migrations through waters containing

the infectious agent of C. shasta. The former infections

illustrate where the infectious stage is present while the

latter provides information on how widely distributed the

disease could become if transmission to other fish were to

occur. The range of ceratomyxosis is limited to the Pacific

Northwest from Northern California to Southern Washington.

Salmonids become infected at restricted locations within

this range. In California, the disease occurs in the vi-

cinity of Crystal Lake and the Pitt River (Schafer, 1968).

The location of sites in the Deschutes and Columbia Rivers

of Oregon where C. shasta infections were obtained was re-

ported by Sanders, et al. (1970). Salmonids developed cera-

tomyxosis when held in liveboxes in several lakes of the

Deschutes River basin, Infections were also obtained from

the lower Deschutes! River and from the Columbia River below

the confluence of the Deschutes River. Rucker, Earp, and

3rdal (1953) reported. C. shasta from rainbow trout which
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died in LaCamas Lake, Clark County, Washington. The Cowlitz

River, a tributary of the Columbia River is also known to be

a source of the disease (Wood, 1968).

A high percentage of migrating adult coho and spring

chinook salmon and steelhead trout become infected with C.

shasta while passing through the lower Columbia River (Wood,

1968 and Sanders, et al. 1970). Mature fish migrate through-_
out the Columbia River drainage, spawn and die, ultimately

distributing spores of the disease throughout virtually the

entire drainage. The entire watershed to which anadromous

salmonids have access could potentially become infectious

for this disease. However, this has not occurred and sug-

gests that the transmission of the disease involved more

than introducing spores of the parasite to a location.

Ceratomyxosis appears in salmonid fish populations only

during certain times of the year. It is important to dis-

tinguish the difference between when the fish are exposed to

the disease and when the disease becomes patent in the ex-

posed fish. The time lag between exposure and patency can

be long if the water temperature is low (Udey, et al. 1975).

The initial seasonal occurrence data from Crystal Lake

Hatchery was conflicting. Noble (1950) observed infected

rainbow trout obtained during the summer months. Wales and

Wolf (1955) found patent infection during the fall and win-

ter months and stated that the disease was associated with

reduced water temperatures. Schafer (1968) accumulated
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infection information from that location over several years

and concluded that exposure of susceptible fish to the dis-

ease occurred routinely from May through November. Infec-

tions occurred sporadically in salmonids exposed during the

months of April and December. Ceratomyxosis did not develop

in fish exposed to the water during January, February, and

March. It appeared that water temperatures had to be above

10 C to initiate infection with C shasta. Patent infec-

tions occurred during the winter months, but were the result

of exposure which occurred during the late fall of the pre-

vious year. Ceratomyxosis in fish in Oregon waters also

occurs during the months of high water temperatures.

It is generally accepted that only salmonids are sus-

ceptible to infection by C. shasta. Rucker, et al. (1953)

reported C. shasta infection from black bullheads (Ictalurus

melas) and rainbow trout of LaCamas Lake, Clark County,

Washington. Subsequent examinations of the same fish popu-

lations by members of this laboratory revealed only infected

rainbow trout (Sanders, personal communication).

Ceratomyxa shasta has been reported from the following

salmonid hosts:

Common Name Scientific Name Author

Rainbow Trout

Steelhead (Rainbow Trout)

Salmo gairdneri Noble, 1950

Conrad &
1966

Decew,Salmo gairdneri

Brown Trout Salmo trutta Schafer, 1968
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Common Name Scientific Name Author

Cutthroat Trout

Atlantic Salmon

Brook Trout

Chinook Salmon

Coho Salmon

Sockeye Salmon

Salmo clarki

Salmo salar

Salvelinus
fontinalis

Oncorhynchus
tshawytscha

Oncorhynchus
kitsuch

Oncorhynchus
nerka

Sanders, et a
1970

Sanders, et al.,
1970

Schafer, 1968

Conrad and Decew,
1966

Conrad & Decew,
1966

Sanders, et al.,
1970

It is difficult to draw quantitative comparisons of the

susceptibilities to C. shasta of the eight salmonid species

listed. This is due to the varying conditions under which

they were exposed to the disease. Two studies have been

done from which comparisons can be drawn. Schafer (1968)

reported that brook and brown trout became infected when ex-

posed to Ceratomyxa but to a lesser degree than did rainbow

trout. Conrad and Decew (1966) found that the symptoms and

intensity of ceratomyxosis were more serious in steelhead

trout than in chinook or coho salmon when the three species

were exposed under similar conditions. Fryer (1971) summa-

rized the information on susceptibility of salmonids to

c.:eratomyxosis available at that time.

Schafer (1968) also compared the relative susceptibility

of seven strains of coho salmon to the disease to determine

if changing strains had resulted in an epizootic of the
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disease at Crystal Lake Hatchery. He found that four

strains originating from fish hatcheries from Oregon and

Washington did not develop the disease while three strains

from California hatcheries became infected. Work done at

this laboratory has indicated that coho salmon strains from

some Oregon hatcheries are susceptible to ceratomyxosis.

Udey, et al. (1975) tested the effect of water tempera-

ure on the progress of ceratomyxosis in juvenile rainbow

trout and coho salmon. They showed that the mean time from

exposure to death for rainbow trout was temperature depen

dent in the range of 6.7 to 23.3'C while the percentage

mortality was independent of temperatures over that range.

At a water temperature of 4'C, no deaths of rainbow trout

occurred but the disease was in a dormant state and required

a higher temperature for mortality to occur. The mean time

to death and percentage mortality for coho salmon was tem-

perature dependent over the range of 23.3 to 9.4 C. Their

data indicates that coho salmon were able to eliminate the

disease at temperatures of 6.7 C or below.

Several attempts have been made to transmit C. shasta

infections between fish and none have been successful. Wales

and Wolf (1955) stated that they failed to transmit the

disease, however, no details of these experiments were

given. Schafer (1968) was unable to transmit the disease

by placing uninfected trout in the same tank with diseased

fish for prolonged periods of time and by feeding infected
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tissues to uninfected trout. Injection of ascites fluid

from the body cavity of diseased fish to uninfected fish

may have passed the disease although no trophozoites or

sporoblasts were recovered from the injected trout. Wood

(1968) was unable to transmit the disease between fish by

feeding infected tissues, containing the spore stage of C.

shasta, to uninfected fish. Sanders and Fryer (1970) were

able to obtain infections in trout exposed to mud removed

from the bottom of a lake known to contain the infectious

stage of the disease. Fryer (1971) briefly summarized the

information obtained to date on the failure to transmit C.

shasta under laboratory conditions.

The inability to transmit C. shasta directly between

fish hosts has lead to speculation that an intermediate host

may be involved in the life cycle of this parasite. Several

attempts to find invertebrate intermediate hosts have failed

but this might have been due to a problem of recognition

(Schafer, 1968). Thus far, the occurrence of C. shasta has

coincided with the presence of a lake or reservoir which may

serve as the source of the infectious stage of the parasite

to fish (Wood, 1968). Speculations have been made about why

this might be true, but not enough information is available

about the life history of the parasites to draw any

conclusions.
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Experimental Studies on other Myxosporidans

In recent years, experimental studies on myxosporidans

has been intensified due to the introduction of Myxosoma

cerebralis, the agent of whirling disease, into the United

States (Hoffman, 1970). Whirling disease is endemic in many

areas of Europe where trout are raised. It has been respon-

sible for epizootics among cultured fish populations, espe-

cially when first introduced into a new locality. Resis-

tance and improved fish culture practices are probably res-

ponsible for the reduced losses after the disease is estab-

lished (Ghittino, 1970). A system was developed by Hoffman

and Putz (1969, 1971) for the transmission of M. cerebralis

to uninfected fish under laboratory conditions. Mud from a

source not containing the disease and infected tissues were

allowed to "age" for four months with a slow flow of spring

water. Rainbow trout became infected with M. cerebralis

when exposed to the water after the aging process was com-

plete. The percentage of trials in which the infection was

passed was low in the first report, but improved in the 1970

report. Along the same lines, Uspenskaya (1957) was able to

infect young rainbow trout by pipetting spores of M.

cerebralis, which had been aged four months, into their

stomachs.

Unsuccessful attempts to transmit Myxobolus insidiosis

(Wyatt and Pratt, 1963), another myxosporidan of salmonids,
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were reported by Wyatt (1971). In separate tests, juvenile

salmon were fed infected tissues, exposed to infected fish,

exposed to mud from a source known to contain the infectious

agent and exposed to mud seeded with spores of the parasite.

Walliker (1968) was also unsuccessful in transmitting

Myxidium oviforme by feeding pieces of infected liver from

adult to juvenile Atlantic salmon. Successful transmission

occurred for three out of five myxosporidans tested by Bond

(1939). These were done by feeding tissues infected with

the parasites to a susceptible host. Transmission of one

myxosporidan occurred in his experiments due to the close

association of uninfected with infected fish. Wagh (1961)

investigated the transplantation of Myxosoma ovalis from its

specific host the small-mouth buffalo (Ictiobus bubalus) to

the golden shiner, Notemigonis crysolucas, anon- specific

host. Spores of M. ovalis were fed, injected by the intra-

muscular route, and bathed over the gills of the golden

shiner. The production of trophozoites and pansporoblasts,

indicating successful transplantation, resulted only from

the intramuscular injections.

Several reports of successful transmissions of coelo-

zoic myxosporidans were summarized by Kudo (1930). These

investigations concluded that the myxosporidan spore was the

infective stage to fish. When tissues containing spores

were fed to susceptible hosts, the shell valves of the

4pores parted and released the amoebula stage. These
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penetrated epithelial cells and began the intracellular

phase of the ilfe cycle. Tronhozoites were later released

into the lumen of an organ (gall bladder, pyloric caecum, or

alimentary tract proper) and the extracellular phase was

initiated.

This review on the transmission of several myxospori-

dans illustrates the large amount of variation in the re-

quirements for the transmission of the parasites. Procedures

which have resulted in the transmission of myxosporidan

parasites include aging spores in mud and water prior to

exposure, feeding of infected tissues without prior aging,

and the direct association of uninfected with infected fish.

The latter two methods have been tried using C. shasta

(Schafer, 1968; Fryer and Sanders, 1970) and have not re-

sulted in its transmission.
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MATERIALS AND METHODS

Examination Procedures for Detect on of
Ceratomyxa shasta.

Several methods were used throughout the course of this

study to detect spores of C. shasta. The method most fre-

quently used was to dissect a piece of the posterior descend-

ing intestine from the body cavity of the fish to be examined

and prepare a wet mount from the fluid contents. This pre-

paration was examined by means of the light microscope using

the 16 and 4 mm objectives for a period of five minutes or

until spores (Figure 1) were observed. In some cases,

stains such as one percent aqueous methyl red were used to

enhance spore-morphology. Other fish organs were examined

for spores occasionally. 'These included the gall bladder,

liver,.kidney and body cavity.

After susceptible fish were exposed to the disease, it

usually took 12 to 25 days before the spore stage of C.

shasta appeared in the fish tissues. Trophozoites appeared

at least several days before the spores and occasionally

were used to verify an infection. Their identity was based

on their characteristic multinucleate condition and densely

granular cytoplasm (Noble, 1950). Smears of the descending

intestine and gall bladder were made and stained with hema-

toxylin or the modified ZiehlNeilson method.(Sanders, 1967).

The verification of an infection in a group of fish by
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Figure 1. Photomicrograph of the spore stage of
Ceratomyxa Shasta
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trophozoites alone was avoided since it was not possible to

determine with certainty that the trophozoites were those of

C. shasta until the sporoblast stage was reached.

Description of the Willamette River Study Area

The Willamette River (Figure 2) originates at Waldo

Lake, Lane County, Oregon, and flows in a northwesterly di-

rection to its confluence with the Columbia River near

Portland, Oregon. It drains the waters of the Willamette

Valley between the Coast Range Mountains to the west and

Cascade Mountains to the east. Its main tributaries in-

clude the Coast Fork, McKenzie, Santiam, and Clackamas

Rivers. Several impoundments have been constructed on

these rivers and are used for flood control and hydroelec-

tric generation.

The City of Corvallis, Benton County, Oregon is located

on the Willamette River at mile 131. Much of the field work

for this study was done on the Willamette River in the vi-

cinity of Corvallis. Willamette River water was used in

most of the studies and was;obtained from a pump located on

river mile 119 near Albany, Oregon.

The Selection of Experimental Animals

Several criteria were applied to determine which fish

species would be used for exposure experiments. The primary

consideration was to select a group of fish with known
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susceptibility to C. shasta. As the study progressed, large

differences in susceptibility to the disease were noted be-

tween salmonid species and strains within the same species.

For most experiments, a high prevalence of infection was

desired and thus, the most susceptible fish were used. A

second criterion was the mean time to death for a group of

fish infected with C. shasta. Those with the shortest mean

time to death were more desirable because they allowed a

faster completion of experiments and lessened the chance of

death due to other causes. Other criteria important in the

selection of fish were their size and availability. Fish

were obtained primarily from Oregon Wildlife Commis-

sion hatcheries and hatcheries operated by the Fish Commis-

sion of Oregon. The system to be followed in this paper

will be to designate Oregon Wildlife Commission

hatcheries with the word "Trout" in the name (e.g. Wizard

Falls Trout Hatchery) and Fish Commission of Oregon

hatcheries with the word "Salmon" in their name (e.g.

Bonneville Salmon Hatchery).

Handling of Data

The percentage of infection obtained during an exposure

or experiment was calculated in the usual manner. The de-

nominator of this fraction was the total number of fish re-

covered after exposure. The patent period of the disease

was usually about 25 days for infections of fish held
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continuously in river water and about ten days shorter if

elevated water temperatures were used to hasten the infec-

tious process at the Fish Disease Laboratory, Oregon State

University. Because the patent period was rather long, some

fish died due to causes other than C. shasta infections be-

fore spores of the disease could have been detected by the

examination procedure. If enough fish died prematurely to

change the value for the percentage of infection by about

five percent, then a new statistic was calculated. This was

designated the adjusted percentage of infection. It was

calculated as follows:

Number of fish infected with C. shasta
Number of Fish minus Number of fish which died
recovered before infected detected in

that exposure group

The causes of death other than C. shasta infections included

bacterial fish pathogens such as Flexibacter columnaris, and

Aeromonas liquefaciens, protozoans such as Costia necatrix

and Ichthyopthirius sp., and physical causes such as gas em-

bolism (gas bubble disease). Embolism was encountered on

several occasions in fish held in water at elevated water

temperatures at the Fish Disease Laboratory.

The calculation of the mean time to death for a group

of fish was made using data only on those fish of that group

found to be infected with C. shasta. The mean time to death

figure was a weighted mean giving the average number of days

from exposure to death for the mean of a population of
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infected fish. It measures the rate of progress of fatal

infection in test animals and therefore, the intensity of

the exposure to the disease if all fish exposed were of

equal susceptibility and handled in the same manner. An

example of this would be exposing several groups of the same

strain of fish simultaneously at several different locations

in a river for the same period of time. The mean time to

death figure can also be used to compare the susceptibility

to a disease if different groups of fish are exposed at the

same intensity. For C. shasta infections, the mean time to

death is a temperature dependent variable (Udey, et al.

1975) .

Occurrence

Distribution of Ceratomyxosis in Fish Exposed to Willamette
River Water

In late May, 1970, a group of diseased coho salmon was

brought to our laboratory by personnel of the Department of

Fisheries and Wildlife, Oregon State University. These fish

had been held in Willamette River water at Albany, Oregon,

throughout the winter and spring. They were infected with

C. shasta. This established the infection further upstream

than had previously been reported (Sanders, et al. 1970).

Several series of simultaneous exposures to locate the

source of the Willamette River C. 4hasta infection were done

during the summers of 1970 and 1971. Simultaneous exposures
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were used because, by holding fish in the river at the same

time at different locations, the variables of river condi-

tion were eliminated and the prevalence of infection in the

fish could be compared. Usually about six liveboxes were

set in each series. Twenty-five susceptible trout, rainbow,

or cutthroat were used in each livebox. The fish were fed

three percent tetracycline medicated Oregon Moist Pellet

Diet (TM,0-OMP) daily during the exposure. All fish re-

covered from the liveboxes were examined for C. shasta infec-

tions. The results of the previous exposures determined the

locations of the liveboxes in subsequent series, in order to

narrow the river distance between infectious and noninfec-

tious locations. Terramycin medicated food was used in this

and other exposures to river water throughout this study be-

cause it is an antibiotic effective against several bacterial

fish pathogens but does not affect the development of cerato-

myxosis. This ensured a greater percentage of fish recovered

from exposures than if TM50-OMP had not been used.

Seasonal Occurrence of C. shasta Infections

Ceratomyxa shasta infections, like those of other myxo-

sporidans (Kudo, 1930), exhibit seasonal variation in oc-

currence (Schafer, 1968; Sanders et al., 1972). The months

of warm water temperatures were those in which infections

were obtained. It was important to determine which months

of the year fish would contract ceratomyxosis in the
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Willamette River in order to determine when juvenile anadro-

mous salmonids should be released from hatcheries in order

to avoid the disease. A group of coho salmon and cutthroat,

trout which had been held in Willamette River water during

the winter and spring, 1970, were examined for the disease.

These fish had died at the site near Albany, Oregon, main-

tained by the Department of Fisheries and Wildlife, Oregon

State University. The date when the infection first became

patent was obtained by examining these fish. The approxi-

mate date when the fish contracted ceratomyxosis was ob-

tained by knowing the incubation time of the disease at the

water temperatures present in the river during that spring

(Utley, et al. 1975).

In the spring of 1971 and 1972, four-day exposures were

made at weekly intervals in the Willamette River at Corval-

lis to determine when infections could first be obtained.

The fish used were rainbow trout (1971) and cutthroat trout

(1972). After the exposure period, all fish were maintained

in 20.6 C heated pathogen-free water to hasten the disease

process at the Fish Disease Laboratory, Oregon State Univer-

sity, and fed TM50-OMP. All fish recovered were examined

for C. shasta infections. A record of the river water

temperature was obtained during these exposures to compare

the water temperature at which ceratomyxosis appears in the

Willamette River to the 10 C proposed by Schafer (1968) for

Crystal Lake waters.
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A similar procedure was followed to determine when the

river was no longer infectious in the fall months. However,

exposures of fish to Willamette River water were not made at

definite weekly intervals during 1970 and 1971. The expo-

sures made in the fall were usually part of other experi-

ments.

Procedures for Determining if C. shasta Infections Occur in
e O la ua

Since C. shasta infections occur in adult salmon popula-

tions shortly after they enter the Columbia River (Sanders,

et al. 1970), it follows that exposure to the disease might

occur in the estuary. This has never been determined experi-

mentally. This information might also be important in de-

termining when juvenile salmonids should be, released from

lower Columbia River hatcheries to avoid the infection.

Three sites (Figure 2) for exposing fish were selected.

The Willamette River at Corvallis served as a positive con-

trol site. A second location was at Prescott, Oregon, on

the Columbia River upstream from any influence of brackish

water. The third site was at Hammond, Oregon on the south

shore of the estuary and about five miles from the ocean.

Fifty cutthroat trout (Cedar Creek Trout Hatchery) and fifty

fall chinook salmon (Trask Salmon Hatchery) were exposed to

river water at each site beginning on October 15, 1972.

Water temperatures were taken at each site and salinity

measurements were taken at the Hammond site. All fish were
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fed TM
50
-OMP during the experiment. The exposure periods

extended for the following number of days: Hammond, 7;

Prescott, 77; and Willamette River, 44.

After the exposure period, all surviving fish were

transported to the Fish Disease Laboratory and maintained in

17.7 C heated well water for further development of the dis-

ease. All fish recovered were examined for infection by C.

shasta.

Susceptibility of Salmonids to Ceratomyxa Shasta

Selected Salmonid Species

Several conflicting reports have appeared concerning

the susceptibility of different salmonids to C. shasta.

Wales and Wolf (1955) reported that brook and brown trout

were not infected with the disease while rainbow trout were.

These fish were held at the Crystal Lake Hatchery,

California. Schafer (1968) stated that all three were sus-

ceptible but the incidence was lower in brook and brown

trout than rainbow trout. Ceratomyxa shasta has been re-

ported from spring chinook salmon (Fryer and Conrad, 1965);

juvenile coho and spring chinook salmon, and steelhead trout

(Conrad and Decew, 1966); and Atlantic and sockeye salmon,

and cutthroat trout (Sanders, et al., 1970). A problem

arises in comparing the susceptibility between species from

the above reports because they were not exposed simultaneous-

ly. Differences between the intensities of the exposures
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could result in apparent differences in susceptibility at-

tributed to spctoies variations. The object of the tests was

to attain a uniform exposure for as many salmonid species as

possible. Exposure series were made in the Willamette River

at Corvallis from August 17, 1971, for 42 days and from

August 1, 1972 for 66 days. All fish were fed TM50-OMP be-

fore and during the exposure period. The river water tem-

perature was recorded daily when the fish were fed. The fol-

lowing fish were used:

1971 Exposure:

Species

Rainbow trout (Salmo
gairdneri)

Cutthroat trout
(Salmo clarki)

Atlantic salmon
(Salmo salar)

Brook trout
(Salvelinus
fontinalis)

Coho salmon
(Oncorh nchus
kisutchh)

Chinook salmon
(Oncorhynchus
tshawytscha)

Sockeye salmon
(Oncorhy22122 nerka)

Mean
Weight

Source (g) No.

Roaring River Trout 13 50

Hatchery

Cedar Creek Trout 6 50

Hatchery

Wizard Falls Trout 13 30

Hatchery

Fall River Trout 2 49

Hatchery

Fall Creek Salmon 14 50

Hatchery

Marion Fork Salmon 9 50

Hatchery

Wizard Falls Trout 11 50

Hatchery



1972 Exposure:

Species

Cutthroat trout
(Salmo clarki)

Brown trout (Salmo
trutta)

Chum salmon
(Oncorhynchus keta)

Chinook salmon, fall
(Oncorhynchus
tshawytscha)

29

Mean
Weight

Source (g). No.

Cedar Creek Trout 4 55
Hatchery

Klamath Trout Hatchery 3 54

Dept. Fish & Wildlife, 12 63
OSU

Trask Salmon Hatchery 6 60

Chinook salmon, fall Fall Creek Salmon 18 57
( Oncorhynchus. Hatchery
tshawytscha

The fish which died during the exposures and those sur-

viving when the exposures were terminated were examined for

C. shasta infections. Five fish of each species were given

a more detailed examination. The eyes, epaxial muscles,

gills, heart, liver, gall bladder, spleen, kidney, stomach,

ascending intestine, and descending intestine were examined

for the presence of C. shasta spores to determine if there

was any difference in the distribution of spores for the

different species of fish.

Four Fall Chinook Salmon Strains

Part of the management program of the Fish Commission

of Oregon for the lower Willamette River basin includes.a

plan to initiate and enhance fall chinook salmon populations.

The fish for this program were to come from a different
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river system. Four strains were selected for potential use

in the Willamette River. The relative susceptibility of the

strains of C. shasta would be one aspect used to select the

strain. This was determined by exposing about 50 fish from

each group to Willamette River water and examining the fish

for ceratomyxosis. The fall chinook salmon strains came

from Big Creek Salmon Hatchery (7 g), Cowlitz Hatchery,

Washington Department of Fisheries (3 g), Oxbow Salmon

Hatchery (6 g), and Trask Salmon Hatchery (5 g). Two rain-

bow trout groups were used as positive controls to ensure

the presence of the infection. The first group was from

Leaburg Trout Hatchery (5 g) and the second was from Roaring

River Trout Hatchery (6 g). All fish were held at the Fish

Disease Laboratory and fed TM50-OMP prior to their exposure.

On June 16, 1971, the four salmon strains and the Leaburg

rainbow trout were placed in liveboxes located in the

Willamette River at Corvallis. The Big Creek strain was

lost to vandalism and fish of this strain were replaced on

July 15. The second rainbow trout group was placed in a

livebox beginning July 25, 1974, after most of the first

control group had died of ceratomyxosis. Dead fish were re-

moved and those surviving were fed TM50-01410 daily for 86

days. All fish, those which had died during the exposure

and the survivors, were examined for C. shasta.
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Two Rainbow Trout Strains Selected. for.Their Resistance to
Infection with C. shasta,

Personnel of the California Fish and Game Department

have cultured a strain of rainbow trout for resistance to

infection by C. shasta. The brood stock of this strain had

survived repeated exposures to the disease. In February,

1972, the Oregon Wildlife Commission received about 80,000

eyed eggs of this strain which were hatched and raised at

Wizard Falls Trout Hatchery. These fish were designated the

California resistant strain.

On June 1, 1971, personnel of the Oregon Wildlife Com-

mission and Portland General Electric Company fishery biolo-

gists spawned a group of wild Deschutes River rainbow trout

at the Pelton Dam fish ladder entrance near Lake Simtustus,

Madras, Oregon. About 20,000 eyed eggs were obtained.

These were transported to Wizard Falls Trout Hatchery, where

they were hatched and raised until October, 1971. They were

then moved to Hood River Trout Hatchery where they were

reared until the following summer. These fish were desig-

nated the Deschutes River strain. Since they were the pro-

geny of fish which resided in the Deschutes River, it was

assumed that they could also possess some resistance to in-

fection by C. shasta.

The objective of the exposure was to compare the sus-

ceptibility to ceratomyxosis and survival of these groups

with two control groups of rainbow trout known to be a



32

susceptible to the disease. The control groups were from

Oak Springs Trout Hatchery and Roaring River Trout Hatchery.

Fish of the Oak Springs strain are currently being used by

the Oregon Wildlife Commission for stocking the lower

Deschutes River. There have been no reports of C. shasta

occurring at either hatchery. Liveboxes were placed in the

Deschutes River adjacent to Oak Springs Hatchery and the

following fish were placed in them on June 20, 1972:

Strain Size (g) No.

California resistant strain 2 259

Deschutes River strain 5 727

Roaring River Trout Hatchery 3 245

Oak Springs Trout Hatchery 58 498

The fish were fed TM
50
-OMP three times per week, and dead

fish removed and frozen. The exposure was terminated after

61 days and all fish recovered were examined for infection

by C. shasta.

Transmission Experiments

Ceratomyxa shasta infections have never been transmitted

under laboratory conditions from infected to uninfected fish

(Fryer and Sanders, 1970). Several attempts to transmit

the disease were reported by Schafer (1968). Direct contact

of infected with uninfected fish did not result in the trans-

mission of the disease. Aging of spores in water over the
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winter months did not render them infective. Feeding vis-

cera containing the parasite did not result in the success-

ful transmission of the disease. Fryer and Sanders (1970)

reported that mud from an infectious source retained its

ability to infect fish when it was brought to the laboratory

and fish exposed to it. Experiments to be reported here are

divided into two categories: those in which fish were ex-

posed to a mixture of infected tissues, mud and pathogen-

free water; and those in which uninfected fish were injected

with ascites fluid from infected fish.

Transmission Experiments using Infected Tissues, Mud, and
Pathogen-Free Water

This trial was designed to see if C. shasta could be

transmitted using infected coho salmon intestines, bottom

sediments from LaCamas Lake, and Fish Disease Laboratory

water. LaCamas Lake is located near Camas, Washington, and

is a known source of C. shasta infections (Rucker, et al.,

1953). The mud dredged from the bottom was kept for 20 days

at 10 C until used. A portion of the mud was autoclaved to

kill any C. shasta infective stages which may have been pre-

sent in the mud (Fryer and Sanders, 1970). Soil obtained in

the vicinity of Corvallis, Oregon, served as a second bottom

stratum. A part of this was also autoclaved. About 200 in-

testines were obtained from spawned coho salmon at Bonneville

Salmon Hatchery in November, 1969. A samples of these was
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examined and found to contain numerous trophozoites but few

C. shasta spores.

A total of 12 tanks were used. When mud was used in a

tank, it was layered about seven cm thick (Hoffman and Putz,

1969). If infected tissues were added to the mud, they were

gently tamped into the surface layer but not completely

buried. Duplicate experiments were performed with each of

the following treatments:

1. unautociaved LaCamas Lake mud + 20 coho intestines

2. unautoclaved LaCamas Lake mud + no coho intestines

3. autoclaved LaCamas Lake mud + 20 coho intestines

4. autoclaved LaCamas Lake mud + no coho intestines

5. no LaCamas Lake mud + 20 coho intestines.

Single experiments were made with each of the following:

1. unautoclaved soil + 20 coho intestines

2. autoclaved soil + 20 coho intestines.

Pathogen-free water (12.2 C) was slowly added to fill the

tanks and maintained at a slow rate of flow for the duration

of the experiment. After five days, a sample of the intes-

tines was examined and a few spores were found. The tanks

were allowed to "age" for 30 days before 25 summer steelhead

trout from Gnat Creek Trout Hatchery (7 g) were added to

each tank. The fish were fed TM
50
-OMP daily for four months

after which the experiment was terminated. All fish, those

which died and those which survived until termination, were

examined for C. shasta infections.
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A second experiment to transmit C. Shasta was made to

improve upon the design of the previous attempt. The number

of spores placed in the tanks was increased. Five groups of

fish were exposed to the water from the tanks. Bottom sedi-

ments and infected tissues were obtained from the same

geographical location. The same species of fish served as

the donor of infected tissues and as potential hosts.

The source for bottom sediments used in the second ex-

periment was the Willamette River near Corvallis. Sediments

were dredged from two locations, mixed, and a portion auto-

claved. Sediments were added to each of the tanks at a

thickness of five cm. A large group of rainbow trout (Wizard

Falls Trout Hatchery) was exposed in the Willamette River at

Albany, Oregon. The intestines of 130 fish were examined

and found to be heavily infected with spores of C. shasta.

One tank was used for each of the following treatments:

1. unautoclaved Willamette River mud + 10 intestines

2. autoclaved Willamette River mud + 10 intestines

3. autoclaved Willamette River mud + 100 intestines

4. no mud + 10 intestines.

Well water heated to 17.7 C was slowly added to the tanks

beginning on September 9, 1970. Five 24 hour exposures were

made to the water of the tanks on the following dates.

Source, average weight, and number of the fish exposed are

indicated:



Exposure
N umber Ex osure Date

1

2

3

4

5

November 17, 1970

January 26, 1971

March 30, 1971

July 14, 1971

January 3, 1972

S ecies

rainbow trout

rainbow trout

rainbow trout

rainbow trout

cutthroat trout

Ora In (hatcher )

Mean
Weight
(g) Number

Wizard Falls Trout 11 20

Wizard Falls Trout 15 20

Oak Springs Trout 2 20

Leaburg Trout 6 20

Cedar Creek Trout 6 20
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The procedure was the same for each exposure. The water

from each tank was siphoned into a second tank and the fish

were added. The exposures were made for 24 hours with aera-

tion. After the exposure was completed, the 17.7 C water

was again added to the tanks. The fish were fed TM50-OMP

for the duration of the experiment which lasted a minimum of

60 days after the exposure. All fish were examined for C.

shasta infections.

Viability of the Infectious Stage in Water Held in a
Container

Two experiments were performed to determine how long

Willamette River water would retain its ability to infect

fish with C. shasta when stored in a container. Metal 55

gallon containers were used to hold the water for aging and

for the exposures of fish to the water. The procedure for

both experiments was similar. Five containers were filled

with 200 1 of river water. Four of these were placed in

flowing Willamette River water to maintain temperature

(18 C). The fifth container was transported to the Fish

Disease Laboratory where 20 trout were exposed to the water

for 24 hours with aeration. This exposure was designated 0

days incubaticn in both trials. Exposures were made to the

d water in the same way. In the first trial, exposures

of the trout were made after 0, 1, 3, 7 and 21 days of in-

cubation. Twenty rainbow trout (Roaring River Trout Hatch-

ery) fingerlings were exposed to each 200 1 volume in the
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first trial. The second trial consisted of exposures made

after 0, 2, 4, 5 and 6 days incubation. Twenty cutthroat

trout (Cedar Creek Trout Hatchery) were exposed to each

volume of water. The fish in the first trial were held in

17.7 C heated well water while those of the second were held

in 20.6 C water. All fish were fed TM
50

-OMP daily for the

duration of the experiment. The survivors in the first

trial were terminated after 66 days while those of the

second were terminated after 58 days. All fish were examined

for C. shasta infections.

Procedures for Determining_the Efficiency-of Membrane
Filters in Removing the Infectious. Stage of C. shasta
from Water

Previous experiments (Fryer and Sanders, 1970) on fil-

tering water containing the infectious stage of C. shasta

have shown that water passed through a Millipore filter mem-

branes of 0.45u pore size lost, its infectivity to salmonids.

Further experimentation done by me, showed that 14, 8 and

1.2u membranes were also effective in removing the infective

stage of C. shasta from water. Putz (personal communication)

drew the same conclusion from filtration studies on Myxosoma

cerebralis. The object of this experiment was to determine

if fish could become infected with C. shasta by exposing them

to 14 and 8u filter membranes through which water containing

the infective stage of this organism had been passed.

The procedure consisted of filtering 200 1 of Willamette

River water through 14.1 Millipore membranes and a second 200
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1 volume through 81 Millipore membranes. A control volume

of 100 1 was passed through the filtration apparatus without

a membrane installed.

All the filtered water and membranes were transported

to the Fish Disease Laboratory. The 200 1 volumes were di-

vided into equal aliquots. The test 811 membranes were

placed in one of the aliquots of water which had been fil-

tered with the 811 membranes. The test 1411 membranes were

placed in an aliquot of water which had been passed through

the 141J membranes. A group of 20 rainbow trout (Roaring

River Trout Hatchery) were exposed for 24 hours with oxygen

to each of the five following replications:

1. 100 1 of 1411 filtered water

2. 100 1 of 1411 filtered water + 1411 membranes

3. 100 1 of 811 filtered water

4. 100 1 of 81 filtered water + 811 membranes

5. 100 1 of water passed through apparatus without

membranes installed

After exposure, the fish were held in 20.6 C heated water

and fed TM
50

-OMP daily. All fish, mortalities and sur-

vivors, were examined for C. shasta infections.

Injection Methods for Transmitting Ceratomyxa shasta

Several attempts to establish experimental infections

of C. shasta by injecting infected material into uninfected

fish have failed (Schafer, 1968; Fryer and Sanders, 1970).
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In order to establish an infection in fish, a histozoic

parasite would have to invade tissues and multiply. These

two criteria have to be met before a transmission experiment

could be successful.

A major problem in injection studies has been to elimi-

nate bacterial contamination of the injected material. This

was solved by feeding the donor rainbow trout TM50-OMP be-

fore, during, and after exposure to water containing the

disease. Many of the diseased fish exhibited a greatly dis-

tended body cavity which was filled with an opaque ascites

fluid. The fluid was harvested by puncturing the coelom of

the infected fish and contained numerous vegetative stages

of C. shasta, a few spores, and leucocytes. Ascites fluid

was diluted in 0.1 M phosphate buffered saline (PBS) and

penicillin was added at a concentration of 1000 units/ml.

This mixture was incubated for 0.5 hour before being used in

the injection experiments. Injection of 0.1 ml of the

diluted fluid was made with a tuberculin syringe and 26

gauge needle. Inoculation was by the intraperitoneal route

to recipient salmonids, previously anethesized with methyl

pentanol.

This method was used to test (1) the efficiency of

transmission, (2) the extent to which ascites fluid could be

diluted and still remain infective, (3) the effect of incu-

bation temperature and time on the infectivity of the or-

ganism, and (4) the efficiency of different routes of
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inoculation. The stage of C. shasta which is infective upon

injection and susceptibility of several salmonid species and

strains to C. shasta were also determined by the injection

procedure.

Efficiency of Passage

Six ml of ascites fluid was obtained from two, infected

rainbow trout (Roaring River Trout Hatchery) and penicillin

was added. This was divided into two lots. One was incu-

bated at 12.2 C for 0.5 h, while the second was incubated

at 61 C for 0.5 h as a control. Two groups of 25 cut-

throat trout from Cedar Creek Trout Hatchery (12 g) were in-

jected with 0.1 ml of the ascites fluid incubated at the two

different temperatures. The recipient trout were held in

17.7 C heated water and fed TM
50

-OMP daily. All fish, those

which died and those which survived for 45 days post-

inoculation, were examined for C. shasta infections.

Ascites Fluid Dilution Ex eriments.

Dilution of ascites fluid was performed to use less

volume of fluid, to increase the size of experiments, and to

determine the stage of C. shasta which is infective to

inoculated fish.

The same procedure was followed as previously described

to prepare the inoculum except that one donor fish was used

and a portion of the ascites fluid was diluted 10-1 and 10 -2
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with 0.1 M PBS. Infection of the donor fish was-confirmed

by the presence of spores and pansporoblasts in its

Pour groups of cutthroat trout from Cedar-Creek Trout.

Hatchery were injected with 0.1 ml of one of the following

inocula: heat treated (60 C), ascites fluid, undiluted

ascites, 10-1 diluted ascites fluid, and 10-2 diluted

ascites fluid. The recipient fish were held in 20.6 C

heated well water after inoculation. The experiment con-

tinued for 57 days post-inoculation after which all fish re-

covered were examined for C. shasta infections. The cells

present in the undiluted inoculum were counted with a hemo-

cytometer. Trophozoites were readily recognized by their

multinucleate character and granular cytoplasm.

A second dilution experiment was made using a single

juvenile rainbow trout as the donor of two ml of ascitesfluid.

This was diluted 10-1, 10-2, 10-3 and 10-4 with 0.1 M PBS.

Penicillin was added to each sample and they were incubated

0.5 h: at 12.2 C. One-tenth ml of each sample was injected

into separate groups of 20 cutthroat trout. The recipient

fish were maintained at 20.6 C water for 65 days. A cell

count of each diluted inoculum was made with a hemocytometer.

All fish examined for C. shasta infection.

Effect of incuo,;t on emperature.on.the.-Transmission of C.

shasta by j e c

The passage of C. shasta infection was facilitated by

an incubation for 0.5 at 12.2 C but prevented at an
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incubation temperature of 61 C. This experiment was designed

to show at what temperature the infectious agent of C. shasta

is inactivated.

A 1:5 dilution of ascites fluid from four infected rain-

bow trout was prepared with 0.1 M PBS and penicillin. This

was divided into seven equal portions and these were incu-

bated for 0.5 h at seven different temperatures. The in-

cubation temperatures were 4, 12.2, 20, 30, 40, 50 and 60 C.

Seven groups of 20 cutthroat trout were given a cold brand

denoting the incubation temperature of the ascites fluid to

be injected. After incubation, 0.1 ml of the inoculum was

injected by the intraperitoneal route into the appropriately

branded fish. Only 17 fish were injected with the 60 C

sample due to a lack of sufficient inoculum. Two tanks sup-

plied with 17.7 C water were used to hold the fish after

inoculation. Those given the 20, 40 and 60 C inoculum were

held in one tank while the remaining fish were kept in a

second. All fish were fed TM50 -OMP daily. The experiment

was terminated 44 days post-inoculation. All fish were

examined for C. shasta infections.

Effect of Prolonged Incubation Times. on Transmission of
C. shasta by Injection

This study was designed to determine how long ascites

fluid could be held at 4 C prior to its injection and still

retain infectivity. This temperature was selected because

it was a convenient storage temperature and previous
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experience showed that trophozoites would remain motile for

several days when held at 4 C. Twc ml of ascites fluid was

obtained from an infected fish and diluted to ten times its

volume in PBS. Penicillin was added at a concentration of

1000 u/ml. One ml of the diluted fluid was removed and the

remainder was placed at 4 C. Five cutthroat trout (Cedar

Creek Trout Hatchery) were injected with 0.1 ml of the por-

tion of the ascites fluid which was not incubated at 4 C.

These fish were held in 20.6 C water and designated 0 days

incubation.

Each day for the next five days, five fish were in-

jected with ascites fluid which had been incubated at 4 C.

After inoculation, these fish were also held in 20.6 C water.

All fish were fed TM
50

-OMP daily. The experiment was termi-

nated 51 days post-inoculation and all fish recovered were

examined for infection with C. shasta. Trophozoite viability

and cell counts were made of the ascites fluid with a hemo-

cytometer after 0, 3 and 5 days of incubation.

Attempt to Transmit C. shasta by Oral Inoculation of Ascites
Fluid

No transmission of C. shasta has ever occurred when

spores of the parasite have been fed to uninfected fish

(Schafer, 19 Fryer and Sanders, 1970). Since the infec-

tion could be passed by injection, this experiment was per-

formed to see if the ascites fluid would be infective when

given by the oral route, Intraranal inoculations were made
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to investigate if the infective stage of the parasite could

invade intestinal tissues of the host and establish an in-

fection when placed within the intestine.

Ascites fluid from three infected rainbow trout. was

diluted with PBS and penicillin to 18 times its original

volume. This was incubated at 12.2 C for 0.5 h.. The cells

in a sample volume were counted with a hemocytometer. A

smear was made from the fluid with Wright's strain to iden-

tify the cell types present. Twelve cutthroat trout were in-

jected with 0.1 ml of the inoculum by the intraperitoneal

route. These fish served as a control group to ensure the

infectivity of the inoculum.

A total of 36 cutthroat trout were orally inoculated

with 0.5 ml of ascites fluid. This volume was -five times

greater than that injected by the intraperitioneal route.

It was administered into the stomach by a metal catheter

tube. Some of the fluid was regurgitated when the tube was

extracted and this bathed the gills of the fish as well. A

group of 30 cutthroat trout were inoculated with 0.5 ml of

the ascites fluid by inserting a blunted 16 gauge hypodermic

needle into the anus for a distance of two cm and injecting

the fluid from an attached syringe. Some fish thrashed dur-

ing the inoculation procedure and this may have damaged in-

testinal tissues. After the inoculation, fish were placed

in 20.6'C water for the disease process to occur and fed

TM
50

-OMP daily. The experiment was terminated 85 days
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post-inoculation. All fish recovered were examined for in-

fection by C. shasta.

Susceptibility of Selected Salmonids to C. shasta by
Injection

The susceptibility of several salmonids to C. shasta

was compared by the injection method. The following test

animals were used as recipient hosts:

Host Source Hatchery

Mean
Weight

(g) No.

California resistant Wizard Falls Trout 5 60
Rainbow Trout

Rainbow Trout Roaring River Trout 7 41

Atlantic Salmon Wizard Falls Trout 10 49

Fall Chinook Salmon Trask Salmon 13 50

Cutthroat Trout Cedar Creek Trout 5 32

Brown Trout Klamath Trout 5 12

Two separate preparations of ascites fluid were used.

In each case, the inoculum was a 1:5 dilution of ascites

fluid made with 0.1 ml phosphate buffered saline and peni-

cillin. A sample of each was counted with a hemocytometer.

Smears were prepared and stained with Wright's stain to iden-

tify the cell types present in the inoculum.

All fish received 0.1 ml of the inocula and were held

in 17.7 C heated well water. They were fed TM50-OMP daily

and examined for infection with C. shasta.



47

Histopathologic Methods

A group of about 140 rainbow trout was obtained from

Oak Springs Trout Hatchery in September, 1971. These fish

averaged three grams in weight and were from a stock origi-

nally from Diamond Lake, Douglas County, Oregon. Three fish

were removed from the group prior to exposure to C. shasta

to serve as controls. They were placed in 55 C Bouins solu-

tion for fixation and remained in the fixative which was

allowed to equilibrate to room temperature (19 C) for 48

hours.

Natural exposure of the remaining fish was attained by

placing them in a livebox located in the Willamette River

for 72 hours beginning on September 3, 1971. Three fish

samples were taken after 6, 18, 30, 42, 54, 66 and 72 hours

of exposure and the fixation procedure was performed as

above. The river water temperature during the exposure

averaged 16 C (Range 16.6 - 17 C). Fish remaining after

exposure were transported to the Fish Disease Laboratory,

where they were held in 17'C water. Three-fish samples were

removed daily and fixed as above for days 4-15 post-exposure

and thereafter two-fish samples taken daily through day 38

post-exposure. After fixation, fish were transferred to 70

percent ethanol to remove excess fixative. The fish were

then dehydrated in ethanol, cleaned in toluene, and em-

bedded in raffin for sectioning.
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Fifty fish died during the 38 day post-exposure inter-

val. These were examined for infection by C. shasta to de-

termine the prevalence of disease resulting from the three

day exposure to Willamette River water.

Sectioning was done with a rotary microtome. Trans-

verse serial 1211 sections were made from the entire bodies

of 24 fish exposed to the disease and one unexposed control.

Every tenth section was mounted on slides, stained with

Delafield's hematoxylin and eosin Y, and examined

microscopically.

Tissues and organs of the fish with longer post-

exposure intervals were examined for infection first because

the advanced tissue damage was more apparent. The location

of C. shasta stages and tissue pathology were noted from

these fish. The progress of the infection was followed in

the fish with the shorter post-exposure intervals after this

was completed. The identity and location of trophic stages

had not been reported for infections with such short dura-

tion before and this reverse identification procedure en-

sured a more reliable examination of the tissues. Photo-

graphs were made with Leitz ortholux microscopic and photo-

graphic equipment using H&W Control and Kodak S0410 film.
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RESULTS

Symptoms of Fish with Ceratomyxosis

The symptoms of rainbow trout infected with C. shasta

were described by Wales and Wolf (1955). During the course

of this study, these symptoms were also noted for most in-

fected salmonids. Fish were lethargic and often swam near

the surface of the water. The descending intestine and anus

became swollen and appeared hemorrhagic. The body colora-

tion of trout darkened, however, this was rarely noted for

salmon. Ascites fluid accumulated in the coelom, giving a

bloated appearance to the fish. Darkened body coloration

and distension of the body cavity were especially prominent

in trout infected for an extended period of time. The

posterior half of the body was the first area to darken.

Exophthalmia of infected rainbow trout was reported by Wales

and Wolf (1955) and Schafer (1968). This condition was not

found in any experimentally infected salmonids during this

study. It was observed rarely in populations of infected

feral trout.

Occurrence of Ceratomyxa shasta Infections in the
Willamette River and Selected Tributaries

Source of the Infections

Infections of C. shasta were consistently obtained in

five groups of 30 rainbow trout held in liveboxes at a site
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on Willamette River at mile 130.6 near Corvallis, Oregon,

during 1970 (Figure 2). No infections were obtained in 14

groups of 30 rainbow trout, each held in liveboxes located

at or upstream from Willamette River mile 134. Data from

the four series of liveboxes set during 1970 indicated the

source of the infection was in the river channel,between

river mile 130.6 and 134 so that the infection entered the

river from a tributary between these two points. Two tribu-

taries join the Willamette River between miles 130.6 and

134. These are the East Channel of the Willamette River

which enters at mile 133 and the Marys River which enters at

mile 132 (Figure 3) .

Additional series of fish exposures to the river were

made to identify the source of the infection between miles

130.6 and 134. Three series of exposures were made in 1971

between these points using 30 cutthroat trout in each live-

box. Exposures were made on both the east and west sides of

the Willamette River. The results of these tests are pre-

sented in Table 1 and the sites of exposure are indicated in

Figure 3. A pattern of infections was obtained from these

exposures which indicated that neither tributary was a

source of infections. Percent of fish with ceratomyxosis

consistently decreased with upstream progression of livebox

placement going from river mile 130.6 to 132.9. There was a

pattern of increasing mean time to death for each group of

fish exposed within a livebox series with upstream placement.
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Figure 3. Map of Willamette River in the vicinity of
Corvallis, Oregon, showing sites where fish
were held to determine the source of
ceratomyxosis.
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This parameter measured the intensity of the exposure since

there was no water temperature change between the livebox

sites and all fish were handled similarly except for the

location of the liveboxes. This showed that the intensity

of the exposure decreased with upstream progression and sug-

gests that the number of infectious agents per unit volume

of water decreased with upstream progression. Infections

were obtained further upstream by about one mile on the west

than on the east side of the river (Table 1). These data

strongly suggest that the source of the disease was located

in the main river channel beginning at stream mile 133 and

proceeding downstream to river mile 132 or 131.5. Infections

have been obtained in fish held at all sites downstream from

these locations.

The sources of the disease reported. by Schafer (1968),

Wood (1968), and Sanders, et al. (1970), were lakes or im-

poundments. The source of C. shasta infections on the

Willamette River appears to be the main channel of the river.

Columbia River Estuary Study

Exposures of cutthroat trout and fall chinook salmon

were made at three sites in the Columbia River estuary,

Columbia River upstream from the influence of saltwater,

and in the Willamette River. Table 2 presents the preva-

lence of C. shasta infections obtained in those groups of

fish. A short exposure period was made in the estuary



Table 1. Exposure data from fish held in liveboxes to determine the source of Ceratomyxa shasta
infections in the Willamette River.

Location of Liveboxes by River Mile
(Side of the River)

130.6
(W)

131.7
(W)

132.0 132.1
(E) (W)

132.2
(E)

132.2
(W)

132.4 132.5 132.7
(W) (E) (w)

MR
(S)

132.9
(W)

133.1
(E)

134.2
(W)

No. Fish
Recovered 52 61 57 33 26 33 32 31 61 50 57 28 51

No. Fish
Adjusteda 47 40 57 33 26 33 32 30 60 48 56 28 46

No. Fish
Infected 47 37 42 1 0 3 0 0 1 1 5 0 0

Percent Fish
Infected 100 92 74 3 0 9 0 0 2 2 9 0 0

Mean Time to
Deathb

series 1 23 - - 23 2
series 2 34 34 50 - 53 50
series 3 37 40 38 45 - - 44

a
No. fish recovered - No. fish died before patent C. shasta infections found in that series.

b
In days post-exposure, a blank space indicates the location was not used in a livebox series, a dash
indicates no fish died of ceratomyxosis at that location in a livebox series.



Table 2. Comparison of the prevalence .of Ceratomyxa shasta.infections obtained in fall
chinook salmon and cutthroat trout .exposed to water from the Columbia River
estuary -Arid: two sites upriver.

Location
Fish

species
Days of

exposurea
No. fish
exposed

No. fish
adjustedb

No. fish
infected

Percent infected
adjustedc

Columbia R. fall chinook 7 50 41 0 0
estuary cutthroat 7 50 44 0 a

Columbia fall chinook 74 50 47 37 79
Riverb cutthroat 74 50 55 45 82

Willamette fall chinook 44 50 16 8 50
River cutthroat 44 50 40 27 67

a
Exposure began October 15, 1971. Fibh exposed the number of days indicated then
were held in 17.7 C disease free well water for the disease process to continue.

b
No. fish adjusted = No. fish exposed - No. fish died prior to patency of C. shasta
infection for that exposure.

Percent infected adjusted = (No. fish infected i No. fish adjusted) 100%.
d
Exposure made at Prescott, Oregon, about 60 river miles from the ocean.
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because the facility was not reliable. A short exposure

period was not a limitation since the Willamette-River at

Corvallis was infectious for the disease much later that

year. Also, Sanders (1967) was able to infect fish with

C. shasta by exposing them to Columbia River water for as

short a time as 0.5 h.

Infections of C. shasta were found in fish. held in both

the Columbia River near Prescott, Oregon, and the Willamette

River, but not those held in the estuary. The daily salini-

ty values obtained at the estuary site averaged 15.0 (range

11 to 22) parts NaCl per thousand parts water. Daily water

temperatures averaged 11.9 C (range 11.5 to 12 C) which are

favorable for infection with this organism. The data from

these exposures suggested that the infectious stage of C.

shasta was adversely affected by the estuarine environment.

The above conclusion was corroborated by exposures of

cutthroat trout to seven volumes of Willamette River water

to which Rila salts had been added. Concentrations of 0, 5,

10, 15, 20, 25 and 30 parts Rila salts per thousand parts

Willamette River water were made and the fish exposed to

them for 24 hours with aeration. Many of the fish died

after the exposure due to gas embolism before patent C.

shasta infections were obtained. Enough of the fish sur-

vived to show that C. shasta infections resulted from ex-

posure to water containing 10 ppt and less but not from 15

ppt and more Therefore, it does seem probable that ionic
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concentrations above 10 ppt adversely affects the infectious

agent of C. shasta. This suggested that the salinity of the

Columbia River estuary was responsible for preventing the

infection of the fish exposed there.

Seasonal Occurrence of Ceratomyxosis in the
Willamette River

Most information on occurrence of C. shasta (Schafer,

1968; Sanders, et al., 1970) and for most other myxospori-

dans (Kudo, 1930) indicate that infection usually occurs

during late spring or summer.

It is important to make the distinction between when

fish become exposed to the disease and when the disease be-

comes patent in the host. This is because spore formation

takes a long time for some myxosporidans and may account for

patent infections found during winter months. This was

avoided during these tests for determination of seasonal

occurrence by making short duration exposures then allowing

patent infections to develop rapidly at elevated water

temperatures at the Fish Disease Laboratory.

1970

Ceratomyxel shasta infections were obtained in a group

of cutthroat =out and coho salmon exposed to Willamette

River water during the winter and spring of 1970. The mean

water temperature of the river was 10.4 C for April and 8.8

C for March. Udey et al., (1975) determined that the
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earliest detection of spores in rainbow trout was 27 days

and coho salmon was 36 days after these groups of fish were

exposed to Willamette River water for 72 hr. and subsequent-

ly held in 9.5 C water. From these data, the infectious

stage was present in the Willamette River during the last

week of March, 1970. Infected fish were obtained as late as

October 16, 1970, the last date fish were exposed to river

water.

1971

Weekly exposures of cutthroat trout to the Willamette

River at Corvallis, Oregon, during the spring of 1971 failed

produce infections of C. shasta until May 23, -1971.

Further exposures to the river after that time also did not

result in infections except for one week in June. Continu-

ously successful exposures, producing infection and disease,

were obtained after July 15, 1971. Daily river water tem-

peratures were above 10 C after April 18, but infections

were not obtained until much later in the year. The last

successful exposure for 1971 was obtained between November

22 and 28. Fish exposed after that time failed to develop

ceratomyxosis.

972

g2E4Lmoa shasta infections were obtained in fish

::laced in the river on April 28. Since this was the first
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exposure made in the spring of 1972, the date-that the river

water first contained the infectious stage of C. shasta oc-

curred before April 28. The initiation date for C. shasta

in th,=, Willamette River for 1972 appeared to be more like

that of 1970 than of 1971. Fish exposed to river water in

the fall months contracted the disease throughout the month

of October, after which no further exposures were made.

1973

A small group of coho salmon, which had been held con-

tinuously in Willamette River water at Albany, Oregon was

examined for ceratomyxosis on April 26, 1973. Infections

were present in these fish but only the trophozoite and

early sporoblast stages were present. Spores were first

found in this group of fish on May 2, 1973. This date is

almost identical to the date when spores were first detected

in 1970. The Willamette River water apparently contained

the infective stage of C. shasta during the last week of

March, 1973.

In general, a high percentage of infection was obtained

in fish exposed to the river during the spring and summer

months and decreased gradually during the fall months. This

indicated that the intensity of the exposure decreased

gradually in the last month when infections were obtained.

Therefore, the concentration of the infective stages of C.

8pasta appears to decrease during November to a level in



which fish no longer develop the disease when placed in

river water.

Susceptibilit of Salmonids to
Ceratomyxa shasta Infections

Salmonid Species

59

The prevalences of C. shasta infections in ten species

of salmonids which were exposed to the disease in the

Willamette River are presented in Table 3. They can be com-

pared between years because both groups of cutthroat trout

exposed on consecutive years had a 100 percent prevalence of

the disease. The mean time to death was considerably

shorter for those fish exposed in 1972 and thus this statis-

tic cannot be compared between the exposures. Higher river

water temperatures during the exposure in 1972 than that of

1971 accounted for the shorter mean time to death (Udey et

al., 1974). The mean time to death figures can be used to

compare the relative susceptibility of salmonid species ex-

posed simultaneously to C. shasta infection.

Based on the percent of the fish which became infected,

the following species were highly susceptible to the disease

by natural exposure: brook, cutthroat and rainbow trout,

and chum and fall chinook salmon. Brown trout and Atlantic

and coho salmon were moderately susceptible. Sockeye and

spring chinook salmon exhibited low susceptibility to the

disease. Cutthroat trout, chum and fall chinook salmon had



Table 3. Relative susceptibility of salmonids exposed to Cezat_ayTnx shasta infections
in the Willamette River in 1971 and 1972.a

Year
Species of
salmonid

1971 rainbow trout

cutthroat trout

brook trout

Atlantic salmon

coho salmon

spring chinook salmon

sockeye salmon

1972 cutthroat trout

brown trout

fall chinook salmons

chum salmon

No. fish
exposed

No. fish
adjusted

No. fish
infected

Percent
infected

Mean time to
deathb

50 50 50 100 35

50 47 47 100 30

50 50 50 100 37

50 30 9 30 44

50 50 21 42 32

50 47 5 11 28

50 49 2 4 40

56 51 51 100 23

50 49 10 20 49

58 58 54 93 28

65 54 51 94 20

a
1971 exposure extended from August 17 to September 29; 1972 exposure extended from
August 1 to October 6.

b In days post-exposure. Comparisons cannot be made between years because river con-
ditions differed during the two exposures.

c Fish from Trask River Salmon Hatchery, hatchery on Oregon coastal river.
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very short mean times to death considering the large number

of fish which died in these groups.

Most of the susceptibility data obtained from these ex-

posures were similar to those obtained by other investiga-

tors. There were a few exceptions. High susceptibility of

brook trout contrasts with the low susceptibility reported

by Schafer (1968) and no susceptibility reported by Wales

and Wolf (1955). The low susceptibility of spring chinook

salmon for this exposure had been reported in other studies

except for the high prevalence of ceratomyxosis reported by

Sanders, et al. (1970). Most fall chinook salmon show low

susceptibility to the disease while the group exposed in

this experiment was very susceptible. Variation may be due

to different strains of fish used in these experiments.

Differences in susceptibility for strains of the same

species will be considered later.

Very limited infections were found in the Atlantic sal-

mon. These fish seemed able to prevent progression of cera-

tomyxosis past the stage of focal infections. Ceratomyxa

Shasta infections had not previously been reported from the

chum salmon and this constitutes a new host record for the

parasite. Chum salmon were highly susceptible to the dis-

ease. This high susceptibility may be due to the fact that

the forebearers of these fish have never been exposed to

C. shasta infections and would not have had the opportunity

to develop any resistance to it.
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Five infected fish of eight species were examined in

detail for the distribution of spores in their organs.

Eleven tissue and organ locations of each fish were examined.

The locations included the stomach, ascending-anddescending

intestines, liver, gall bladder, spleen, kidney, heart,

gills, eyes, and epaxial muscles near the dorsal fin.

Spores were consistently found in all locations examined ex-

cept the eyes and epaxial muscles of the brook, cutthroat,

and rainbow trout, and chum, coho, and spring chinook sal-

mon. All brown trout had spores in the stomach, ascending

intestine, and spleen. Spores were not observed in any

other tissues of brown trout. This indicated some of the

brown trout were able to limit the infection to the intes-

tines since the visceral organs were not involved in most

cases. The infections of the Atlantic salmon were even more

limited in extent. The descending intestine contained

spores in all five fish. The ascending intestine contained

a few spores in two of five fish. No other tissues were in-

fected. Atlantic salmon seem able to retard the infection

in its early stages and prevent its spreading to new loca-

tions in the body cavity. No Atlantic salmon died of cera-

tomyxosis, although 30 percent of them became infected.

Strains of Salmonids..

The susceptibilities obtained for some species of sal-

monids differed enough from what had been found for those
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species in other studies to justify further investigation.

The high susceptibility to C. shasta infections of the fall

chinook salmon from an Oregon coastal river hatchery was

much different than that found for fall chinook salmon by

Sanders, et al. (1970). Some rainbow trout strains also ap-

pear to be more resistant to infection than certain hatchery

stocks. Strains of these two species were evaluated for

differences in their susceptibilities to the disease.

F 11 Chinook Salmon Strains

The prevalences of C. shasta infections in our strains

of fall chinook salmon and two rainbow trout control groups

are presented in Table 4. Low susceptibility to infection

by C. shasta occurred in all three fall chinook salmon

strains from hatcheries located within the Columbia River

basin. The strain from the Trask River, an Oregon coastal

river, had a susceptibility similar to those of the rainbow

trout control groups. High susceptibility to the disease

was previously found for this fall chinook salmon strain

(Table 3). The mean time to death for the Trask group was

shorter than for any other group exposured and was similar

to the values found for the rainbow trout than for the

other strains of fail chinook salmon. The Big Creek strain

had a low mean time to death because they were replaced one

month after the start of the test when the water tempera- -

-ores were higher.



Table 4. Susceptibility of fall
Ceratomyxa shasta infections

chinook salmon and rainbow trout strains exposed to
in the Willamette River.a

Species
Strain origin
(hatchery)

No. fish
exposed

No. fish
adjusted

No. fish
infected

Percent
infected

Mean time to
death (days)

fall chinook Big Creekb 59 48 4 8 39

fall chinook Cowlitz R. 65 53 3 6 74

fall chinook Oxbowb 64 48 6 13 72

fall chinook Trask R.c 50 42 40 95 27

rainbow Leaburg 51 50 46 92 37

rainbow Roaring R. 48 48 48 100 30

a Exposed at Corvallis, Oregon, from June 16 to September 10, 1971.
b

Hatchery located within Columbia River basin. Fish may show some resistance to
C. shasta infections.

Hatchery located on coastal river. No C. shasta infections in the history of the
runs, therefore, resistance to the disease may be lacking.
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These data show that there was some resistance to in-

fection with C. shasta in the fall chinook salmon strains

which originated from hatcheries located within the Columbia

River basin. The Trask River salmon did not possess this

resistance. The resistance developed by the Columbia River

fish was probably due to previous exposure and survival of

the forebearers of these fish to infection by C. shasta and

represents genetic selection. It does not require that the

individual fish have to be exposed to the disease to be re-

;istant to it. This suggests that the mechanism of this re-

sistance to C. shasta infections is not due to an acquired

type of immune response.

Based on these data, the Cowlitz Hatchery strain of

fall chinook salmon would be the best choice for use in the

Willamette River. These fish had the lowest percentage of

infection and the longest mean time to death compared to the

other strains tested.

Rainbow Trout Strains

The data from the exposure of two strains of rainbow

trout cultured for their resistance to C. shasta infections

and two hatchery control groups are presented in Table 5.

Most fish from all strains survived well until the first

patent C. shasta infections occurred. Nearly all fish of

both control groups died during the exposure and were found

o be infected with C. shasta. Fifty-one percent of the



Table 5. Exposure of four rainbow trout strains in the Deschutes River to test their
resistance to infection with Ceratomyxa shasta.a

Rainbow trout No. fish No. fish Total Percent No. fish
strainb exposed

Percent Mean time to
adjustedc mortality infected infected d death (days)

Oak Springs Trout
Hatchery

Roaring R. Trout
Hatchery

California
Resistant

Deschutes
River

498

245

259

727

466

245

238

713

98

96

51

15

460

237

0

72

99

97

0

10

34

31

41

a Fish exposed in the Deschutes River near Oak Spring Trout Hatchery from June 30
August 28, 1972.

b California resistant and Deschutes River strains were cultured for developed resistance
to C. shasta, the remaining two strains were control groups known to be susceptible
to ceratomyxosis.

No fish adjusted = No: fish exposed - No. fish which died before patency of C. shasta
infections in that exposure.

d Percent infected = (No. fish infected .:- No. fish adjusted) 100 percent.
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fish of the California strain and 15 percent of the

Deschutes strain died during the exposure. Only ten percent

of the Deschutes strain were infected with C. shasta. No

infections occurred in the California strain. The mean time

to death for infected Deschutes strain trout was longer than

that for the control fish.

The intensity of the infection varied between the con-

Urol and the Deschutes strain rainbow trout. The symptoms

and pathology of the control fish were extensive while those

of the Deschutes fish were limited to a few foci of infec-

tion in the descending intestine. Intestinal lesions were

rarely visible. This suggested that the Deschutes River

strain was able to limit the intensity of the infection once

it had become established.

The reason for the 51 percent total mortality in the

California strain of a rainbow trout was probably that these

fish were more susceptible to bacterial fish pathogens in the

Deschutes River than were the other groups. Kidneys of some

California strain trout were cultured on bacteriological

media when they were examined for C. shasta infections but

no cultures of fish pathogens were obtained. These fish had

been frozen before culturing on bacteriological media, which

would have reduced the chance of isolating certain agents

(e.g., Myvobacteria). A second exposure which compared the

California strain to Roaring River rainbow trout was made in

he Willamette River at the same time as the Deschutes River
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test was in progress. The procedure and results were simi-

lar to those obtained in the Deschutes River. -All-control

fish died of C. shasta infections while none ofthe-Califor-

nia strain died of ceratomyxosis during the exposure. Bac-

teriological cultures were prepared from kidney tissue and

Aeromonas liquefacians was the predominating fish pathogen

isolated. Cultures of Flexibacter columnaris and the myxo-

acterial agent responsible for bacterial gill disease were

also obtained. The fish of the California strain did not

feed well on the TM50-OMP and probably did not receive the

same level of protection from the antibiotic as did the con-

trols. The fish of the California strain were more suscepti-

ble to the bacterial fish pathogens present in the Willamette

River and also probably in the Deschutes River test. The

Deschutes River strain were quite resistant to ceratomyxosis

and may also have been more resistant to all the diseases

prevalent in that river in addition to Ceratomyxa shasta

infections. This may explain why these fish had a good

overall survival during the 61 day exposure period in the

Deschutes River test.

Some Characteristics of the Infectious Stage

Viabilit of the Infectious Stage

Fish were exposed to separate volumes of Willamette

River water which had been held in sealed containers for

xline different lengths of time. Thirty rainbow trout were
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used per exposure and two different exposures were made to

water held for 0 days. The prevalences of C. shasta infec-

tions in the groups of trout are presented in Table 6. From

these data it appeared that the infectious agents-which were

in the water when it was placed in the containers, retained

their ability to infect fish for three days but no longer.

Three days may represent a minimum time of viability for the

infectious stage since the water was held in the containers

in a static condition. It is possible that the infectious

stage would retain its ability to infect fish for a longer

period of time in the river environment. In either case, it

is probable that infectious agents which originated from a

source of infection near river mile 132 retain their ability

to infect fish for a long distance downstream.

Membrane Filtration of Water Containing the Infectious Stage

Five 8.011 and six 14.011 pore size membrane filters were

required to filter separate 200 1 volumes of Willamette

River water. The hydrostatic pressure on the membranes

ranged between 15 and 26 psi. Fish were exposed by the

procedure previously described. No infections occurred

among the fish exposed to the filtered water alone. The

data from these tests are presented in Table 7. Both the

14 and 8u membranes retained the infectious stage of C.

shasta which remained infectious after being eluted from the

membranes with pathogen-free filtered Willamette River water.



Table 6. Effect of storing Willamette River water on the viability of the infective
stage of Ceratomyxa shasta.

Days of
storage

No. fish
exposed

No. fishb
adjusted

No. fish
infected

Percent infected
adjusted

0 41 31 12 39

1 20 10 4 40

2 20 9 1 11

3 20 11 4 36

4 or morec 102 81 0 0

a Exposures made for 24 hr. to water held in sealed 55 gallon containers for 0, 1, 2,
3, 4, 5, 6, 7, and 21 days before exposure. Fish held in 17.7 C pathogen free well
water after exposure.

b No. fish adjusted = No. fish exposed - No. fish which died before patency of
C. shasta infections.

Data from 4, 5, 6, 7 and 21 days of storage combined.



Table 7. Removal and recovery of the infective stage. of Ceratomyxa shasta infectivity
from, Willamette River Water by membrane filtration. cl

Procedure

Filtered water
volume of Willamette 200 1
River water
Treatment:

No. fish exposed

No. fish infected

Percent fish infected

Mean time to deathb

Control
200 1 100 1

+ ,r
,

4'

filtered through filtered throughq passed through
8p membranes 14p membranes filtration

4, 4, apparatus with
200 1 200 1 no membranes

, ------'---f-, 4,

100 1 100 1 100 1 100 1 100 1

8p 14p
membranes membranes

20 20 20

0 12 0

0 60 0

29 -

20 20

12 13

60 65

32 33

a Used 293 mm Millipore filter membranes installed in an industrial Millipore filter.
b In days, for rainbow trout held in 20.6 C disease free heated well water after

exposure.
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There was no significant reduction in the infection-inten-

sity when the infectious stage was trapped on the membranes

compared to the control volume of water. The infectious

stage withstood pressures up to 26 psi without loss of via-

bility. Small samples of the membrane filters were examined

light microscopy (16 and 4 mm objectives) after filtra-

tion was completed. Nothing was found which could be iden-

fled as the infectious stage of the parasite. Identifica-

tion is made difficult since the infectious stage of myxor.

sporidanshavenot been characterized. They were present on

the membranes but were not recognized.

Transmission of Ceratornyzashasta by Injection
of Ascites Fluid

Efficiency of Passage

All 25 cutthroat trout injected with 0.1 ml of ascites

fluid which has been held 0.5 h at 12.2'C became infected

with C. shasta. None of those given 0.1 ml of the fluid in-

cubated at 61 C for 0.5 h. contracted the disease. The

efficiency of passage of ceratomyxosis between fish was very

high. The symptoms and pathology of fish to these injec-

tions appeared similar to those observed in animals after

natural exposure. Five of the infected cutthroat trout were

examined in detail for the distribution of spores in the

same tissues as used previously for cutthroat infected by

aatral exposure. Spores were found in the same tissues as
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first observed found in the cutthroat trout infected-by

natural exposure. These included the stomach, ascending and

descending intestines, liver, gall bladder, spleen,- kidney,

heart blood, and gills. Spores were not found in the eyes

or epaxial muscles.

The mean time to death for the injected-fish-was-22.4

days. This was about 12 days shorter than obtained for

naturally infected cutthroat trout and subsequently held in

17.7 C water at the Fish Disease Laboratory. Therefore, in-

fections resulting from the injection procedure develop

faster than those from a natural exposure.

Dilution of Ascites Fluid

The results of the two dilution experiments were com-

bined and are presented in Table 8. From these trials it

was apparent that the ascites fluid could be diluted to 10 -4

with phosphate buffered saline and still produce disease in

inoculated fish. The cells present in the inoculum- were

identified and counted. In these injections, trophozoites

were the only stage of C. shasta present in the-inocula

which were diluted 10-3 and 10 -4 . Therefore, trophozoites

of C. shasta were the infectious stage by the injection

method. Evidently only one or two trophozoites were needed

to establish an infection, since very few cells were present

in these inocula.



Table 8. Effect of diluting ascites fluid containing trophic stages on the transmis-
sion of Ceratomyxa shasta infections by cutthroat trout inoculation.a

Dilution
factor

No. trophozoites
inoculated
per fishb

No. fish
inoculated

No. fish No. fish
adjustedc infected

Percent
infected

Mean time to
death (days)

Trial 1 Trial 2

10
-0

10
-1

10
-2

10
-3

10
-4

Heated
controle

228

40

5

1

0

-

20

41

37

20

20

19

19

37

32

17

11

19

19

35

28

10

3

0

100

95

88

58

27

0

18

20

29

15

19

21

24

a Data compiled from two experiments in which the 10-1 and 10-2 dilution factors were
duplicated, ascites fluid diluted with 0.1 M phosphate buffered saline, penicillin
added to 1000 u/ml, incubated 0.5 h at 12.2 C.

b From cell counts of 0.1 ml of inoculum, mean values given for 10
-1 and 10

-2
dilution

factors for the two replications.

No. fish adjusted = No. fish inoculated - No. fish which died before ceratomyxosis
observed.

d Values for each trial presented separately.

e Incubated 0.5 hr. at 61 C before inoculated.
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The mean time to death for each group increased with

increased dilution in both trials. This increase. was not

proportional to the increase in dilution. This also sug

gested that very few trophozoites were necessary to estab-

lish an infection.

The dilution experiments show that fish do not have to

be extensively filled with ascites fluid to serve as suc-

cessful donors for injection experiments. Dilution of

ascites fluid to 10 or 20 times its original volume with

phosphate buffered saline could be used in future experimen-

tal work to enlarge the volume of inoculum without signifi-

cantly reducing its infectivity.

Effect of Incubation Temperature

Table 9 presents the prevalences of C. shasta infec-

tions in cutthroat trout which were inoculated with ascites

fluid incubated at seven temperatures prior to injection.

Ascites fluid retained its infectivity to susceptible hosts

when incubated at temperatures up to 30 C for 0.5 h be-

fore inoculation.

The range of temperatures between 4 and 30 C did not

significantly alter the infectivity of the ascites fluid

nor the course of the disease. Any temperature within that

range should be suitable for holding the infectious material

before injection.



Table 9. Effect of holding ascites..fluid at seven incubation temperatures on the
viability of C. shasta trophozoites'when.inoculated into cutthroat trout.'

--------------
Encubatio

tomperat
No. fish

C inoculated
No. fish
adjustedb

No, fish
infected

Percent
infected

Mean time to
death (days)c

4 20 20 18 90 16

12 18 16 14 88 14

20 19 14 12 86 15

30 20 20 20 100 19

40 20 14 1 7

50 20 20 0 0

60 18 9 0 0

a Ascites fluid contained 530 trophozoites per ml and was held for 0.5 h
the seven temperatures before inoculation.

b No. fish adjusted = No. fish inoculated - No. fish died before patent infection.

For fish held in 20.6 C water after inoculation.

at each of
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Effect of Prolonged Incubation Time

The determination of the number of days ascites fluid

can be held at 4 C prior to injection into cutthroat trout

is presented in Table 10. The number of viable, motile

trophozoites in the inoculum was counted from aliquots taken

after 0, 3 and 5 days incubation. About 60 percent of the

original number of viable trophozoites remained after three

days incubation and 30 percent remained after five days in-

cubation. The trophozoite viability was evaluated on cyto-

plasmic streaming and pseudopod formation. The ability of

the inoculum to transfer the disease was reduced after three

days of incubation, and completely lost after four days in-

cubation. Trophozoites lost the ability to infect fish be-

fore cytoplasmic streaming and pseudopod formation ceased.

An increase in the mean time to death of the infected fish

paralleled the decrease in infectivity with increased in-

cbation time. This was probably due to the reduction in

the number of trophozoites capable of initiating an infec-,

on with increased incubation time since this was also seen

in the dilution experiment (Table 8).

Coaarison of Three Routes of Inoculation

The prevaice of C. shasta infections in cutthroat

trout injected with ascites fluid by the oral, intra-anal

and intrperitonea1 routes on inoculations are presented in



Table 10. Effect of holding ascitic fluid
at 4 C for up to five days prior

containing Ceratomyxa shasta infected stages
trout.ito inoculation into cutthroat

Days of
indUbatinn

No. trophozoites No, fish
inoculated per fisha inoculated

No. fish No. fish
adjustedb infected

Percent
infected

Mean time to
death (days)C

0 231 5 4 3 75 11

1 - 4 3 3 100 17

2 5 5 5 100 21

3 130 5 5 4 80 23

4 - 6 6 2 33 26

5 68 5 5 0 0

a Based on cell counts of 0.1 ml of ascites fluid made after 0, 3, and 5 days incubation.
b

No. fish adjusted = No. fish inoculated - No. fish died before patent infections
found.

For fish held in 20.6 C water.
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Table 11. The number of trophozoites inoculated per fish

were five times greater for the oral and intra-anal routes

than for the intraperitoneal route since the first two

groups were given 0.5 ml while the latter were given 0.1 ml.

No infections resulted from the oral inoculations. Ten per-

cent of the fish given the intra-anal inoculations became

infected. All fish became infected by the intraperitoneal

injections. The mean time to death of infected fish was

twice as long for the fish inoculated by the intra-anal

route than for those inoculated by the intraperitoneal route.

These data show that trophozoites inoculated by the intra-

anal route infected fish, but at a lower rate than by the

intraperitoneal route. It was probable that either a

larger number of trophozoites had to have been inoculated or

that some tissue damage had to have occurred by the inocula-

tion procedure in order to have established an infection by

intra-anal inoculation.

Injection of Selected Salmonid Species

A comparison of susceptibilities to ceratomyxosis by

the injection method was made between the California strain

of resistant rainbow trout and a control group of rainbow

trout from Roari-ng River Trout Hatchery. These data and

those of other -lmonids are presented in Table 12. The

fish of the California strain were slightly more susceptible

to the disease based on a higher percentage of infection and



;.)1.e 11, Comparison of the prevalences of Ceratom xa shasta infections in cutthroat
trout inoculated with ascites flui by oral, intra-anal, and intraperitoneal
routes.. -.

Route of
noculatio

No. trophozoites No. fish
inoculated per fisha inoculated

No. fish
infected

Percent
infected

Mean time to
death (days)b

oral 200 32 0 0

intra-anal 200 30 3 10 24c

intraperitoneal 40 12 12 100 12

a
Based on cell count of 0.1 ml of ascites fluid diluted 1:18 with 0.1 M phosphate
buffered saline and penicillin.

b
For fish held in 20.6 C water.

Includes one fish which died 13 days post-inoculation when most of the fish inoculated
by the intraperitoneal route had died. The inoculation of this fish may have pene-
trated the intestine. The mean time to death was 30 days without this fish.



Table 12. Susceptibility of selected salmonids to Sfr2tiy_mxa shasta infection by
inoculation of ascites fluid from infected fish.

Salmonid group

California strain

rainbow troutC

cutthroat trout

fall chinook salmond

brown trout

Atlantic salmon

No. fish
inoculateda

No. fish
infected

Percent
infected

Mean time to
death (days)b

41 39 95 15

41 37 90 23

59 47 80 11

44 40 91 12

41 4 10 18

51 2 4 10

a Adjusted value.
b For fish held in 17.7 C water after inoculations.
C Roaring River Trout Hatchery.

From Trask River Salmon Hatchery.
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a shorter mean time of death than the controls. The symp-

toms and pathology of the disease in California strain fish

were identical with those of the controls except that the

infectious process was accelerated. These fish were re-

ractory to the disease by natural exposure in two Oregon

'ivers (Table 5), but were highly susceptible to it by the

injection method. Therefore, it appears that the mechanism

of resistance for the fish of the California strain operated

at the portal of entry of the parasite.

Cutthroat trout and Trask River fall chinook salmon,

both highly susceptible by natural exposure, retained the

high susceptibility to infection by the injection procedure.

Both fish had high percentages of infection and short mean

times to death by injection (Table 12) and by natural ex-

posure (Tables 3 and 4).

Brown trout and Atlantic salmon were found to be moder-

ately susceptible to the disease by natural exposure with 20

and 30 percent of the fish becoming infected. Both species had

lowered susceptibility to infection by the injection proce-

dure (Table 12) than by natural exposure. The same strains

of fish were used for both the natural exposure and the in-

jection experiments. Atlantic salmon, which were found to

contain C. shasta spores, died of gas embolism and not of

ceratomyxosis. The trophozoites which were injected into

these fish did not establish an infection since host tissues

ware not invaded. This was similar to the results reported
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by Schafer (1968) with injected rainbow trout. These data

suggested a second type of resistance to the disease pos-

sessed by brown trout and Atlantic salmon. Resistance would

seem to involve the internal defense mechanisms-of the host

which are incompatible with the physiological requirements

of the parasite. This resistance was different from that of

the California strain of rainbow trout since it did not re-

quire that the forebearers of these fish be exposed to the

disease (genetic selection). Two types of resistance

operate differently when the hosts are injected with the in-

fectious agent. When fish of the California strain were in-

jected, they developed the disease. When brown trout and

Atlantic salmon were injected with the disease agent, very

few fish became infected. This showed that this second type

of resistance did not operate at the portal of entry of the

parasite like that of the California strain fish.

There were three classes of susceptibility to ceratomyx-

osis based on the injection experiment and natural exposure.

Cutthroat trout, rainbow trout, and Trask River fall Chinook

salmon were highly susceptible by both injection and natural

exposure. Brown trout and Atlantic salmon were refractory by

both exposure methods. California resistant strain of rain-

bow trout were refractory by natural exposure but susceptible

to the injected disease agent.
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Histopathology of Ceratomyxashasta
Infections in Rainbow Trout

The adjusted percentage of C. shasta infection among

the rainbow trout mortalities of the histopathology study

was 70 percent. Spores were first detected 28 days post-

exposure. A high incidence of infection was also expected

for the fish from this group which were sectioned. However,

infections of C. shasta were found in only eight of the 24

fish examined by histologic methods. Infections were easily

found in fish examined 20 or more days post-exposure but

were difficult to detect at intervals shorter than 20 days.

This indicated that the progress of the disease process was

not in a linear relationship with the time after exposure.

Infections by C. shasta were found in eight fish exam-

ined histologically 3, 8, 13, 20, 21, 25, 30 and 33 days

post-exposure. The intensity of these infections increased

with increased time. The infections were grouped into three

categories based on the distribution of the trophozoites in

the fish tissues and on the intensity of the tissue response

of the host. The categories were as follows:

Infections of light intensity: Few trophozoites

were found and there was no visible host tis-

sue response to infection. These infections

were found in fish examined 3, 8, and 13 days

post-exposure.
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Infections of moderate intensity: Trophozoites

were numerous in a few locations in the host

and host tissue response was moderate and

limited to a few locations. These infec-

tions were found in fish examined 20 and 21

days post-exposure.

Infections of high intensity: Trophozoites were

found in numerous organs and the tissue res-

ponse was extensive. These infections were

found in fish examined 25, 30, and 33 days

post-exposure.

Pathology of the Light Intensity Infections

Trophozoites were rarely found in the tissues of these

fish. The focus of the infection was in the pyloric caeca.

Only a few young trophozoites were found in the fish exam-

ined at three days post-exposure. These were embedded in the

mucosal epithelium of the pyloric caeca. Young trophozoites

were slightly more numerous in the fish sampled 8 and 13 days

post-exposure. These young trophozoites contained several

nuclear masses (Figure 4A) but the nuclei were not as dis-

tinctive as those of mature trophozoites. Young tropho-

zoites differed from wandering lymphocytes also found in the

pyloric caeca in that the lymphocytes contained much less

cytoplasm than young trophozoites. The cytoplasm of the

lymphocyte was less granular and the nucleus of the



86

lymphocyte was singular, large, and stained more intensely.

Most young trophozoites were found within the epithelial

cells of the mucosa but some were in pockets between them.

The only visible reaction of the epithelial cells adjacent

to the trophozoites toward the periphery of the cell. A

few young trophozoites were found in the lumen of the pyloric

caeca in the fish examined 13 days post-exposure (Figure 4B).

At eight days, several trophozoites were also present in the

epithelial cells of the posterior descending intestine and a

few in the lumen of the organ. This suggested that two foci

of primary infection were present or that the descending in-

testine was a site of secondary infection from trophozoites

migrating from the pyloric caeca. Finding trophozoites in

the lumen of the pyloric caeca and intestine may indicate

the latter.

The tissue response of the host to the infection was

slight. A few wandering leucocytes were adjacent-to blood

vessels of the body cavity. Some cellular debris was in the

body cavity of the fish examined eight days post-exposure

but this was limited.

Pathology of the Infections of Moderate Intensity

Trophozoites were much more frequently observed in the

sections of fish examined at 20 and 21 days post-exposure

than these previously. Most of the trophozoites and tissue

damage resulting from the infection were in the descending
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Figure 4A. Young trophozoite (T) located within a mucosal
epithelial cell of a pyloric caecum. Fish exam-
ined eight days post-exposure. Host cell shows
no degree of pathology and has an intact
striated border. (405)x.

Figure 4B. Young trophozoite (T) in lumen of pyloric caecum
of fish examined 13 days post-exposure. Pre-
sence of trophozoites in the pyloric caecum in-
dicate that this organ was the primary site of
infection. (405)x.
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intestine. The histopathology will be presented by location

within the host. Nomenclature employed to describe-the

anatomy and histology of the rainbow trout digestive system

is in accordance with that used by Weinreb and Bilstad, 1955.

Pyloric Caeca

In both cases a greater number of young trophozoites

were seen at 20 and 21 days post-exposure than at 13 days.

Most of the trophozoites were located in pockets formed be-

tween the epithelial cells or in the lumen of the caeca.

The nuclei of these trophozoites had more of the characteris-

tic haloed appearance (Noble, 1950) than those observed in

earlier infections. The trophozoites more closely resembled

those found in the infection of the descending intestine.

Some of the epithelial cells of the mucosa had pycnotic nuc-

lei characteristic of early necrosis. However, no inflam-

matory response was observed in the pyloric caeca.

Descending Intestine

This organ was the focus of infection in these diseased

fish. At 21 days post-exposure, the infection was limited

to several lesions located in the descending intestine just

anterior to the anus. The mucosa and the lamina propria

were the only intestinal layers affected. Epithelial cells

were necrotic in the center of the lesion and revealed

Dycnotic nuclei and areas of vacuolated cytoplasm.
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Trophozoites, polymorphonuclear leucocytes (PMN) and macro-

phages were numerous in the mucosal epithelium and lamina

propria within the limits of the lesions. Granule cells of

the lamnia propria were proliferated. As the result of this

cellular reaction, the lamina propria was thickened and

stained densely basophilic, compared to areas where the in-

flammation was not present (Figure 5). Trophozoites were

not present in the muscularis externa of the intestine even

in areas adjacent to lesions of the lamina propria.

The infection in the descending intestine of the fish

examined 20 days post-exposure was more extensive. It ex-

tended in the descending intestine from the anterior inser-

tion of the pelvic fins posterior midway to the anus. The

infection was not continuous around the whole circumference

of the intestine, but was usually limited to the ventral

quarter.

The mucosa first showed signs of epithelial sloughing

(Schafer, 1968) in the intensely infected parts of the

descending intestine. Epithelial cells were broken into

tissue fragments and trophozoites, PMNs, and filiform fibro-

blasts were present among them in the lumen. Epithelial

sloughing was confined to the posterior limit of the in-

fected intestine.

The lamina propria was extensively enlarged with fibro-

blasts, PMNs, and macrophages for most of the infected area-

Many phagocytic cells were found in dilated capillaries of
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Figure 5. Descending intestine of fish examined 21 days
post-exposure. Ventral portion of the lamina
propria (LP) was much thicker due to inflamma-
tion than was the uninfected lateral portion.
Epithelial sloughing (ES), which resulted in
the lamina propria becoming exposed to the lumen
(L) of the intestine, was more progressed in the
ventral portion of the intestine. Detached
mucosal epithelial cells (N) were present, in the
lumen. Nuscularis externa layer (ME) was not
affected in the fish. (105)x.
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the lamina propria indicating migration of these cells oc-

curred into areas of inflammation. Granule cells, forming

the stratum granulosum, multiplied extensively. Tropho-

zoites were present but not numerous in the lesion. Fibrous

granulomatous tissue was scattered throughout much of the

thickened areas of the lamnia propria.

The muscularis externs contained many leucocytes and

fibroblasts. Small areas filled with edematous fluid were

present near dilated capillaries. Some trophozoites were in

the muscularis externa but smooth muscle cell necrosis was

not observed. At this time, the location of trophozoites in

the intestine indicated the infection was initiated from the

lumen of the intestine and progressed outward toward the

muscularis externa with increasing time after exposure.

Vascular System

The vascular system was involved in the inflammatory

response to the intestinal infection. Capillaries were

dilated with leucocytes, some of which had emigrated into

adjacent infected tissue. Veins and venules of the intes-

tine contained emarginated leucocytes and egress of cells

occurred into the loose connective tissues adjacent to the

vessels of the intestine (Figure 6). These reactions of the

leucocytes indicated that a generalized inflammation was in

progress in the intestine and coelom.
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Figure 6. Ventral portion of the descending intestine near
the pelvic fins illustrating inflammation of the
lamina propria (LP), early stages of epithelial
sloughing (ES), and dense aggregates of
leucocytes (L) which migrated into the loose
connective tissue from the blood vessels ventral
to the intestine. Edema apparent in the lamina
propria, muscularis externa, and loose connec-
tive tissues ventral to the intestine. Thicken-
ing of the ventral peritoneal wall occurred in
the vicinity of the blood vessels. Trophozoites
were numerous in the lumen, lamina propria, and
muscularis externa. (105)x.
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Mesenteries and Coelom

A few trophozoites and macrophages were present in the

body cavity in the vicinity of the pancreatic tissues.

Trophozoites had not penetrated into the pancreatic stroma

at this time.

Pathology of the Infections of High.In.tensity

The extent of the infection in the gastrointestinal

tract in the fish sampled 25, 30, and 33 days post-exposure

increased with increased time after exposure. The infection

in the descending intestine at 25 days extended from the

anterior insertion of the dorsal fin to the anus. At 30

days post-exposure, the infection was continuous from the

pyloric valve of the stomach to the anus. At 33 days post-

exposure, it extended from midway in the stomach to the anus.

The intensity of the infection increased with posterior pro-

gression down the intestine toward the anus in all animals

examined.

Pyloric Caeca

Infection of the pyloric caeca at 25 and 30 days post-

exposure was limited to young trophozoites between epithelial

cells of the mucosa. Trophozoites were more numerous than

at earlier intervals, but still no detectable pathology was

evident. Trophozoites were found in the muscularis externa

and in the mucosal epithelium of the pyloric caeca in the
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fish sampled 33 days post-exposure. The longitudinal muscle

layer was pushed away from the circular layer by clumps of

trophozoites. Necrosis of the smooth muscle cells was not

extensive. The trophozoites in the muscularis externa pro-

bably penetrated from the body cavity into the caeca since

they did not appear to have come from the intestinal lumen.

Intestines

The greater amount of inflammation occurred in the as-

cending and descending intestines of these fish. The de-

scending intestine was more severely affected than was the

ascending intestine. The mucosal epithelium was almost com-

pletely missing for most of the length of the descending in-

testine. In the infected areas anterior to the sloughed

mucosal layer, the epithelium was necrotic, fragmented, and

contained numerous trophozoites and a few leucocytes (Figure

7A). Epithelial cells, trophozoites, sporoblasts, and a few

C. shasta spores were present in the lumen.

The lamina propria was greatly inflamed. Fibrous

granulomatous tissue, proliferation of granule cells, leuco-

cytic emigration, vascular dilation and edema contributed to

the increased size. In areas of intense tissue reaction,

the folds of the lamina propria which originally extended

into the folds were missing. Fibrous granulomatous tissue

(Figures 7A and 7B), was laid down as a compact layer in some

places where the mucosal epithelium. was absent and formed a
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Figure 7A. Section of posterior descending intestine show-
ing complete loss of mucosal epithelium except
for scattered fragments (R). Fibrous granulo-
matous tissue (F) is organized into a layer in
the lamina propria (LP) at sites where mucosal
epithelium was lost. Muscularis externa (M)
was inflamed and necrosis was present. Section
from fish examined 30 days post-exposure slight-
ly anterior to the anus. (105)x.

Figure 7B. Fibrous granulomatous layer lining the interface
between the lamina propria and the lumen of
the descending intestine. Prominent cells
present are filiform fibroblasts (F) with some
trophozoites (T) and macrophages (M). Collagen
fibers (C) were deposited more loosely on this
layer than was illustrated in Figure 7A. Fish
examined 30 days post-exposure. (405)x.
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continuous layer:lining parts of the lumen. Fibrous granulo-

matous tissue originated from filliform fibroblasts which

had immigrated into the lamina propria. This formed a bar-

rier in some areas of the posterior intestine to prevent

further loss of cells and fluids into the lumen. Tropho-

zoites, PNNs, macrophages, and granule cells often present

in the fibrous layer (Figure 7B).

Emigration of leucocytes from capillaries into the

lamina propria was extensive. Immature PMNs and macrophages

in the tissue indicated the extensive inflammatory response

stimulated leucocytogenesis. Spaces with edematous fluid

and acidophilic granules occurred near dilated capillaries

in the lamina propria.

The muscularis externa of the intestines and stomach

was infected with trophozoites. Smooth muscle necrosis,

characterized by shortened, pycnotic nuclei and irregular

cell shape, was extensive in all heavily infected fish. The

anterior limit of the infection in the gastrointestinal

tract was usually in the muscularis externa. The muscularis

externa was completely disrupted in severely infected areas

and the smooth muscle cells were partially replaced with

fibroblasts. Spaces between the muscle layers were numerous

in heavily infected fish and were filled with trophozoites

and edematous fluid (Figure 8) . Smooth muscle necrosis was

not as extensive near the anus as it was anterior of that

area.
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Figure 8. Muscularis externa and tunica serosa of descend-
ing intestine of fish examined 30 days post-
exposure. Two muscle layers designated inner
circular (C) and outer longitudinal (L). Exten-
sive necrosis (N) and edema present in circular
layer with numerous trophozoites (T) and macro-
phages (M). Longitudinal layer not affected as
extensively. Aggregates of trophozoites (T)
located in spaces within the thickened tunica
serosa (S). (405)x.
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Hypertrophy of the intestinal serosa occurred in the

fish with infections of high intensity. Occasionally the

mesothelial cells were rounded and formed a layer-several

cells in thickness. Trophozoites, leucocytes, and cell

debris added to the serosal thickening. The serosa was ab-

sent around the posterior descending intestine in the fish

examined 33 days post-exposure.

A distended vent is a common symptom of C. shasta in-

fections of salmonids. Histologically this was seen as an

accumulation of ascites fluid in the body cavity at the

anal opening. The stratified squamous epithelium at the

anus was thickened by cellular proliferation, emigration of

leucocytes, and accumulation of edematous fluid in small

spaces in this tissue layer.

Fissure of the Descending Intestine: 25 Days Post-Exposure

A u-shaped fissure about 4 mm in length occurred in the

descending intestine of the fish examined 25 days post-

exposure. The mucosal epithelium was proliferated and ex-

tended as a fold of tissue into the body cavity (Figure 9).

Trophozoites were occasionally present in the proliferated

epithelium and were numerous in the loose connective tissue

adjacent to the intestine. Here was the greatest concentra-

tion of trophozoites observed during this study and sug-

gested the extent to which these agents can induce tissue

damage. Muscle cell necrosis was observed in the vicinity
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Figure 9. Photomicrograph showing a fissure of the descend-
ing intestine in the vicinity of the dorsal fin
of the fish examined 25 days post-exposure. The
proliferated mucosal epithelium (E) extended into
the coelom as a fold. Muscularis externa (M)
was necrotic in the area where the intestine rup-
tured. Trophozoites were present in the epithe-
lium, lamina propria, muscularis externa, and
loose connective tissue adjacent to the intestine
in the vicinity of the fissure. (105)x.
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of the original lesion indicating the: intestinal wall was

weakened at that point. The other layers of the intestine

were infected but not extensively.

Body Cavity and Mesenteries

The inflammation of the mesenteries became more intense

with increased time after exposure. Mesenteries stained

deeply basophilic and were thickened by mesothelial cell

proliferation which encased large numbers of trophozoites,

leucocytes, and cell debris. There was a decrease in the

amount of adipose tissue present with the advance of cerato-

myxosis. By 30 days post-exposure, hardly any adipose tis-

sue was present near the intestines or pancreas.

There was generalized hemorrhaging into the body cavi-

ties of the fish examined 30 and 33 days post-exposure.

Free blood cells were common in the body cavity and loose

connective tissues dorsal to it.

Many members of the genus Ceratomyxa are coelozoic

parasites of the gall bladder of fishes. Ceratomyxa shasta

commonly occurs in gall bladders of infected salmonids.

Some investigators prefer to examine this organ for infec-

tion rather than the intestine. Disease of the gall bladder

occurred late in the infectious process for this group of

rainbow trcut. Some trophozoites adhered to the outer mem-

branes covering the gall bladder at 25 and 30 days but none

were found beneath the mesothelium until 33 days. Even after
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33 days only a few trophozoites were located in spaces be-

neath the lining and none had entered the remaining tissues.

Pancreas

Numerous trophozoites were found near the pancreas of

the fish examined 25 days post-exposure. Some had penetrated

into the peripheral stroma and caused compression and vacue

olation of the stroma cells. The secretory portion of the

pancreas did not show any visible effect of this infection.

In the fish examined 30 and 33 days post-exposure, the num-

ber of trophozoites and the distance they migrated into the

pancreas increased. Most, however, were still associated

with the outer layer (Figure 10A). Localized hemorrhages

occurred at a few locations on the pancreas and released

blood cells into the body cavity.

Spleen

The changes in the spleen due to ceratomyxosis actions

were of two types. First was the direct alteration of cells

adjacent to trophozoites and second, the increased produc-

tion of leucocytes for the inflammatory response.

Trophozoites were rarely found in the spleens of fish

examined 25, 30, and 33 days post-exposure. They apparently

entered from the outer surface and penetrated inward since

most were located at or near the organ surface. Phagocyto-

sis of trophozoites by macrophages occurred. Cytoplasmic
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vacuoles of macrophages and PMNs adjacent to ruptured tropho-

zoites contained a few characteristic nuclei of the tropho-

zoites. No cellular damage to the spleen was observed.

The spleens of fish sampled 25,30 and 33 days post-

exposure were enlarged and showed signs of high mitotic

activity. Many mitotic figures occurred in the granulocytic

and monocytic blast cells compared to those of uninfected fish.

Large areas of these dividing cells located within expanded

areas of white pulp resulted in an increased mottled ap-

pearance of the spleen (Figure 10A). Enlargement and the

levels of mitotic activity of the spleen appeared to closely

parallel the degree of the inflammatory response in the in-

testines.

Liver

At 33 days post-exposure, several trophozoites were

found under the serosa of the liver. The serosa proliferated

extensively in a few places forming a large reticular node

containing trophozoites. The internal hepatic cells were

not affected by the progress of this disease in the host.

Urogenital System

A few trophozoites were found in the connective tissue

reticulum of one ovary in the fish sampled 25 days post-

exposure. They appeared to have entered from the external

surface of the ovary since the serosa was disrupted and
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Figure 10A. Photomicrograph of spleen (S) and pancreas (P)
of fish examined 25 days post-exposure. Spleen
was enlarged with areas of increased cellular
production and many mitotic figures were seen
in cells of the white pulp (L) of the spleen.
Numerous trophozoites (T) and phagoctic leuco-
cytes were adjacent to pancreas. Trophozoites
of C. shasta penetrated into the pancreas from
the coelom. (105)x.

Figure 10B. Section of the kidney of fish examined 30 days
post-exposure showing focal necrosis (N) of
both hematopoietic and excretory tissue.
Mitotic figures (M) were present in many blast
cells of the granulocytic series. (1000)x.
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several trophozoites were adjacent to the organ.- Leucocytic

emigration also occurred in the ovary and phagocytosis of a

trophozoite was observed in one case. No other-lesion or

tissue response was observed in the gonads.

Trophozoites were not observed in the kidney. A high

degree of mitotic activity of the hematopoetic tissues of

the kidneys occurred in the fish sampled at the-later post-

exposure intervals. This resulted from the increased demand

for these cells involved in the inflammatory response. At

30 days post-exposure, foci of necrosis (Figure 10B) occurred

in the hematopoietic tissues. The cells in these foci

stained poorly and had pycnotic nuclei and vacuolated cyto-

plasmic areas. Renal necrosis may be the result of the re

lease of toxic substances either from the trophozoites or

from generalized inflammatory tissue damage.

The urinary bladder leading from the kidney to the vent

contained trophozoites in the fish examined 30 and 33 days

post-exposure. Trophozoites and cell necrosis were found

only in the layer of smooth muscle in the posterior end at

30 days. Lesions were found in all layers of the bladder at

33 days and extended its full length but was less severe

near the posterior end. The musblaris externa was complete-

ly obliterated by necrosis_ in several places. The other

layers were also missing in two places and the bladder

opened into the coelom thrbugh fissures:. Epithelial
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sloughing:occurred at sites of intense infection and free

epithelial cells and trophozoites were present in the lumen.

Vascular System

Arteries adjacent to the intestines in fish sampled in

the later post-exposure intervals were congested with blood

cells while the veins rarely contained any cells. The

capillary network of the lamina propria was dilated and con-

gested with blood cells. Many of the leucocytes migrated

from these vessels into the lamina propria. Cellular con-

gestion of the capillary network may explain the lack of

blood cells in the veins. Edema occurred around many of the

vessels of the intestinal layers.

Many of the sinusoidal spaces adjacent to the descend-

ing intestine were congested with trophozoites, leucocytes,

erythrocytes, and cellular debris. Some of the endothelial

cells of these spaces were rounded and extended into the

lumen indicating the walls of some spaces were ruptured.

These rounded cells may have resulted from trophozoites and

leucocytes migrating through the walls. The infection of

the sinusoidal spaces late in the infectious process may ex-

plain the rapid distribution of the parasite prior to the

death of the host.
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DISCUSSION

Previous to this study, the only report of salmonids

becoming exposed to ceratomyxosis in the Willamette River

drainage was by Sanders, et al., 1970. They reported that

one of five fish contracted the disease when exposed at a

site seven miles upstream from the confluence with the

Columbia River. The Columbia River water in the vicinity

of the site of the livebox was suspected of being the dis-

ease source since no infections were found at the Dexter Dam

holding pond located on the upper Willamette River. This

current study established the infectious stage of

to occur up to mile 133 of the Willamette River. Be-

cause of the high intensity of infections obtained during

this study, C. shasta is a significant factor when dealing

with the management of salmonid fisheries of the Willamette

River.

During the portion of this study to determine-the

source of ceratomyxosis in the Willamette River drainage, it

was apparent that the water above river mile 134 did not

contain the infectious stage of the disease. River water at

and downstream from mile 132.9 did contain the disease agent.

Fish held in the two tributaries which enter the river near

these locations did not develop ceratomyxosis.

Series of exposures of fish to the river resulted in a

decrease in the percentage of animals infected and an
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increase in the mean time to death for groups held at loca-

tions progressing upstream from mile 130.6 to 132.9. These

show that the number of infectious agents per volume of

water probably increased going downstream from mile-132.9

and, therefore, the intensity of the exposures of the fish

in the liveboxes would also increase with downstream

progression. From these data, it appears probable that the

source of the Willamette River C. shasta infectious agents

is the main channel of the river in the vicinity of mile

133. This conclusion contradicts the idea that a reservoir

or lake environment is required for the development of C.

shasta infectious stages as proposed by Wood (1968). As

determined in this study, only the lower 133 miles of the

Willamette River contained C. shasta infectious stages, but

no lakes or reservoirs wihin the drainage are known to con-

tain C. shasta. Fish exposed to river water at or upstream

from mile 134 were consistently free of ceratomygosis for

the two years tested. It, therefore, seems probable that a

source of the disease exists upstream from mile 134. If

such a source exists, it was not determined in this study.

Further investigation of the source of infection-should be

considered in future studies with C. shasta in the Willamette

River system.

It is conceivable that a source might exist above mile

134 if a parallel situation were to occur as was found by

Could (1969) He was unable to demonstrate the occurrence of
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ceratomyxosis in Lake Creek, the outlet stream of Suttle

Lake, at two sites on Lake Creek, and in the Metolius River

below the confluence of Lake Creek. No fish with ceratomyx-

osis were obtained when exposed in these waters-except in

Suttle Lake. Recently, however, rainbow trout did become

infected at Wizard Falls Trout Hatchery when reared in

Metolius River water. Clearly, there is not enough infor-

mation on how fish contract the disease when exposed to

river water in a livebox.

Ceratomyxa shasta infections do no seem to be occur-

ring in areas outside its known distribution. The areas now

known to contain the disease probably have been sources of

infection for a long time. Infected adult salmon and steel-

head trout migrate annually into many river systems in the

Columbia River basin yet most of these rivers do not con-

tain the infectious agent of C. shasta. This illustrates

that the requirements are very stringent for the transmis-

sion of ceratomyxosis from infected to uninfected fish.

These requirements are fulfilled in only relatively few

locations considering the number of waters to which infected

fish annually migrate. This shows why there has been diffi-

culty encountered in transmitting the agent under controlled

laboratory conditions.

The seasonal occurrence of C. shasta infections obtained

from fish held in the Willamette River differed from the oc-

currence in the Columbia River at a site near the Bonneville
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Salmon Hatchery. Salmonids developed ceratomyxosis when ex-

posed to Columbia River water during the months of June to

September for most years (Sanders, personal communication).

Willamette River water contained the infectious stage of the

disease in 1970, 1972, and 1973 probably by late March. In

the spring of 1971, infections were obtained irratically un-

til July in fish exposed to river water. Ceratomyxosis was

obtained in salmonids exposed to river water through Novem-

ber of those years. Willamette River water should be con

sidered to contain the infectious agent of C. shasta from

April through November. Observations made for four years

indicate that the river in years of lower than average rain-

fall and snowpack had an earlier initiation date for C.

shasta infectivity than those years of heavy precipitation.

The time of the year when the infective stage could first be

demonstrated was probably correlated with river flow (volume)

in addition to water temperature.

Some evidence illustrated that infection with C. shasta

was prevented at salt concentrations greater than 15 ppt.

It is probable that fish in the nursery areas of the Colum-

bia River estuary would not develop ceratomyxosis during

the months when the river water contained the infectious

stage of the parasite. The fate of fish which contract the

disease before entering the estuary enroute to the ocean was

not determined, but it is known that C. shasta has only

,rarely been reported from salmonids in the marine environment.
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This suggests that C. shasta evolved as a parasite of fresh

water salmonids long ago since its infective stage cannot

tolerate a saline environment.

Information about the size range of the infectious

stage of C. shasta was obtained from the filtration experi-

ments. The infectious stages were retained on both the 8

and 1411 pore size filters but passed through the 43p prefil-

tration screens. Therefore, the size range might be between

14 and 43p as determined by this method.

The percentages of infection obtained from fish exposed

to the membranes and filtered water were comparable with

that of the control group. This indicated that the infec-

tive stages retained their infectivity after elution from

the membrane filters.

There have been several indications that the source of

the fish makes a large difference in the susceptibility to

ceratomyxosis. All strains of the same species of trout and

salmon do not necessarily have the same susceptibility to

ceratomyxosis. This has been found for coho salmon (Schafer,

1968) and for rainbow trout and fall chinook salmon in this

study. Some general conclusions can be drawn about the sus-

ceptibilities of different species of salmonids to C. shasta

infections. Consistent prevalences of infection have been

obtained for rainbow, cutthroat, and brown trout; and Atlan-

tic, coho, sockeye, and spring chinook salmon. Most strains

of hatchery reared rainbow and cutthroat trout tested are
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highly susceptible to the disease. Hatchery strains of

brown trout, Atlantic and coho salmon are moderately sus-

ceptible. Sockeye salmon and most spring chinook salmon ex-

hibited low susceptibility to the disease. The chum salmon

tested was highly susceptible to ceratomyxosis.and repre-

sents a new host record for the parasite.

Inconsistant susceptibility results have been obtained

for strains of brook trout and fall chinook salmon. Wales

and Wolf (1955) reported that brook trout were not suscepti-

ble to ceratomyxosis, while Schafer (1968) reported a low

incidence of infection in brook trout. The brook trout

strain exposed in this study was highly susceptible to

ceratomyxosis. Therefore, it is difficult to draw any con-

clusions about the susceptibility of all brook trout strains.

Fall chinook salmon are usually considered to have low sus-

ceptibility to the disease. This was true for three of four

strains exposed in the Willamette River. These three

strains came from fish hatcheries located within the Colum-

bia River basin. The fourth strain came from the Trask

River and was highly susceptible to infection. The low sus-

ceptibility of the Columbia River fish was attributed to

genetically transferable disease resistance. Apparently

ceratomyxosis has been a selective agent on the populations

of fall chinook salmon from the Columbia River and they are

quite resistant to it. This resistance is genetically

passed and does not require a previous exposure of the
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to the disease. It would be best to use a strain of fall

chinook salmon which have this resistance for stocking areas

containing the infectious stage of C. shasta.

Both strains of rainbow trout, cultured for ceratomyxo-

sis resistance were highly refractory to the disease. These

strains show that natural fish populations from areas where

the disease occurs can be used as sources of genetic disease

resistance. Resistant strains have potential use in waters

where C. shasta infections are prevalent. The high survival

of the Deschutes River strain suggested that these fish were

resistant to other fish pathogens indigenous to the Deschutes

River in addition to ceratomyxosis. Fish of the California

strain were not resistant to these other pathogens and a

large number of them died from bacterial diseases. The main

disadvantage of both strains of resistant fish was that they

grew slowly in comparison with domesticated rainbow- trout.

The conversion factor of weight of food fed to weight gained

of the fish was considerably higher for both strains than

for hatchery rainbow trout. This disadvantage might be over-

come by hybridization of resistant strains with faster grow-

ing rainbow trout. The poor growth rate could also be ac-

cepted and their use in stocking could be justified on the

basis of survival in waters where ceratomyxosis occurs.

Ceratomyxosis Is a problem in managing wild fish populations

and resistant strains of fish offer solutions to many of



120

these problems of managing waters where the disease is

prevalent.

Only two salmonid species were tested for resistance of

different strains to ceratomyxosis. However, this concept

of using disease resistance as one criterion -for -the selec-

tion of a stock of fish for planting into new areas should

be investigated further. Generally, if a disease is sus-

pected of being a selective agent on fish populations in an

area, it would be best to test strains of fish from other

areas where this disease is also a selective agent.

Most indications about the nature of the transmission

of C. shasta show that the requirements for its passage be-

tween fish are very restrictive. There may be as few as

eight lakes and river systems in the Pacific Northwest which

serve as sources of the infective stages of the disease. It

is certain that fewer locations contain the infective stage

of the parasite than receive the spore stage annually through

the migration of infected adult salmon (Sanders, et al.,

1970). The combination of biological, chemical, and physi-

cal factors which constitute the proper environment for the

migration or aging of the spore stage was not determined

during the attempts to transmit the parasite in fish in the

laboratory. A large .umber replications would have been

desirable, in these experiments since Hoffman and Putz (1969

and 1971) got a low success rate in their first experiments

designed to transmit TIzxosoma cerebralis.
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A detailed limnological study of water which constitute

a source of infection would be desirable to determine the

range and variation of biological, chemical, and physical

parameters which lead to the maturation and aging-of C.

shasta spores. This approach would provide information for

the design of laboratory studies to successfully transmit

the parasite.

Intraperitoneal injection of trophozoites into suscep-

tible fish resulted in the transmission of the disease. Al-

though the infectious process was shorter, the symptoms,

pathology, and distribution of trophozoites in infected

fish were similar to infections obtained by natural exposure.

It was apparent from the dilution experiments that a single

trophozoite could establish an infection when injected into

a fish. Trophozoites reproduced and invaded tissues very

efficiently. Since a single trophozoite can lead to the

production of enumerable spores by the injection procedures,

it follows that only a few infectious agents would be re-

quired to establish an infection by natural exposure. This

becomes important when water treatment methods are required

to raise salmonids in waters which contain the infective

stage of the parasite (Sanders, et al., 1972).

The infectious process was about ten days shorter by

the injection pro edure than for those exposed naturally.

In naturally exposed rainbow trout used in the histopathology

study, there was a phase of the infectious process during
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which only young trophozoites were found in the epithelium

of the pyloric caeca. This phase lasted about 8 to 13 days

before the infection was detected in the descending intes-

tine. The infectious process proceeded rapidly once the in-

testinal tissue was invaded. The injection of trophozoites

into the body cavity by-passes the initial phase of infec-

tion in the pyloric caeca and mature trophozoites are able

to infect intestinal and visceral organs to begin the rapid

later phase of infection. The infectious process took

longer when few trophozoites were injected by the intraperi-

toneal route. This occurred because there was a longer time

before enough trophozoites were present to cause the amount

of tissue damage necessary to kill the host.

There was no transmission by oral inoculation and a low

rate of transmission by intra-anal inoculation of tropho-

zoites into cutthroat trout. This showed that trophozoites

were not invasive when administered by these routes. Tropho-

zoites from the ascites fluid differ in ther invasiveness

compared to the young trophozoites from the pyloric ceaca of

naturally exposed fish. Injected trophozoites seem to re-

quire a location such as the body cavity of their host where

they can remain and multiply undisturbed by the defense

mechanisms of the host. Infections which resulted from

intra-anal inoculations illustrated that only a few tropho-

zoites were able to invade host tissues to initiate the in-

fections. The lack of infections by the oral route of
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inoculation shows that even if trophozoites were-released

from infected fish into the water in large numbers, trans-

mission to uninfected fish would not occur. No-transmission

of C. shasta infections has ever occurred with any experi-

mental methods using oral application of infective-materials.

The injection of trophozoites into the California and

Roaring River strain (control) of rainbow trout resulted in

a greater degree of susceptibility and a shorter mean time

to death in the California strain than in the controls.

These parameters of the infectious process showed that the

California strain was unable to prevent the spread of the

infection once it was established by injection. However,

this group of fish was resistant to ceratomyxosis by natural

exposure, indicating the resistance possessed by the Califor-

nia strain operated either at the portal of entry of the

parasite or at the location of primary infection. This also

indicated that the mechanism of resistance was not based on

an acquired type of immunity but probably on a cellular res-

ponse which prevented the establishment of the initial in-

fection or destroyed the infectious agent on entry into the

tissues of resistant host. The biochemical environment of

the California strain was compatible with the physiological

requirements of the trophozoite and sporoblast stages of

the parasite.

Atlantic salmon and brown trout exhibited lowered sus-

to infection by inoculation of trophozoites than
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by natural exposure. Probably no Atlantic salmon died of

ceratomyxosis but rather succumbed to gas embolism. Only a

few spores of the parasite were found in the body cavity of

a few Atlantic salmon and lesions were not visible in the

intestines. The infections in the brown trout were more ex-

tensive than those in the Atlantic salmon since small lesions

were visible in the posterior descending intestine. However,

infections in the brown trout were less extensive than those

of most other salmonids. Thus, the mechanism of resistance

which prevented or limited the extent of infection in the

brown trout and Atlantic salmon operated when they were ex-

posed both by natural infection and by the inoculation pro-

cedure. This mechanism was not developed by previous ex-

posure to the disease. These two species were resistant to

infection probably because the biocheMical environments of

their tissues were not compatible with the physiological re-

quirements of at least one stage of the parasite.

Cutthroat trout and the Trask River strain of fall

Chinook salmon were highly susceptible to C. shasta infec-

tions by natural exposure and inoculation of trophozoites.

Neither species of fish seemed to possess any ability to

retard the spread of the infection. The forebearers of

these fish were probably never exposed to the disease to any

significant extent and no resistance mechanisms were

selected for or developed. The inoculation of other sal-

monids, such as sockeye salmon and Deschutes River rainbow
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trout, should have been done but these fish were not-availa-

ble when the inoculation experiments were performed4

Space between the epithelial cells of the pyloric caeca

was the first location found to contain C. shasta tropho-

zoites by histological examination. After several-days,

trophozoites were in the mucosa and lumen of the caeca. At

the same time, some were also found in the lumen and mucosa

of the descending intestine at its posterior limit. The

mode of the infectious process suggested that young tropho-

zoites were released from the caeca and migrated to the des-

cending intestine where a secondary site of infection was

established. There was a rapid increase in the number of

trophozoites in the intestine and a generalized inflammatory

response resulted. Inflammation increased in intensity as

the number of trophozoites increased.

Fibrous granulomatous tissue was deposited in some loca-

tions wherethe intestinal epithelium sloughed off. This layer

of tissue probably prevented loss of cells and fluids from

the lamnia propria into the lumen of the intestine.

Infection of visceral organs other than those of the

gastrointestinal tract, occurred from trophozoites which en-

tered the organs from the coelom. Most members of the

genus Ceratomxa are coelozoic parasites of marine fishes

and primarily inhabit the gall bladder of their hcst.

Ceratomyxa shasta infections of the gall bladder occurred

late in the infectious process. From this it appears that
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use of the gall bladder as an organ for routine examination

of fish for C. shasta infections would not be as good as

using the descending intestine since the intestine was the

first organ to become heavily infected.

Few spore stages of C. shasta were found in the sec-

tions of these fish. The process of spore formation oc-

curred late in the infectious process. This had also been

observed on other occasions with C. shasta infections

(Schafer, 1968). There may be a mechanism by which tropho-

zoites are sensitive to the approach of death of the host

tissues which initiates the spore formation process. This

mechanism may involve changes in the intestinal tissues with

the death of the host.

The death of fish infected with C. shasta may be due to

secondary bacterial infections associated with the parasite.

Bacterial peritonitis and systemic bacterial infections

could occur due to the extensive intestinal pathology.

Aeromonas liquefaciens and Pseudomonas spp are often cul-

tured from fish with ceratomyxosis. When fish are fed TM50-

OMP, secondary bacterial infections seem to be arrested and

the hosts succumb to the tissue damage resulting from the

C. shasta infection.
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SUMMARY AND CONCLUSIONS

1. The geographical range of C. shasta, a myxosporidan

parasite of salmonids, was extended to include the lower 133

miles of the Willamette River. This parasite must be con-

sidered to be a serious threat to anadromous juvenile sal-

mon migrating through this portion of the river.

2 The seasonal occurrence of ceratomyxosis was deter-

mined using information from four consecutive years, 1970,

1971, 1972 and 1973. Generally, salmonids develop cerato-

myxosis when exposed to river water from late March through

mid-November. High prevalences of infection were obtained

for those fish exposed in the spring and summer months while

the prevalence of infection of exposed salmonid decreased

gradually as the fall months progressed.

3. An indication was obtained that the infectious

stage of C. shasta is adversely affected by the estuarine

environment and is unable to infect fish at salt concentra-

tions of 15 ppt or greater.

4. Information on the susceptibilities of ten salmonid

species was determined from natural exposures. Brook, cut-

throat and rainbow trout and chum and fall chinook salmon

were all highly susceptible to ceratomyxosis. Brown trout

and Atlantic and coho salmon were moderately susceptible.

Sockeye and spring chinook salmon exhibited low susceptibi-

lity to the disease. This is the first report of ceratomy-

xosis from chum salmon.
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5. Four strains of fall chinook salmon were-tested for

their susceptibility to ceratomyxosis by natural-exposure in

the Willamette River. Three strains from hatcheries-located

within the lower Columbia River system where C. shasta is

known to occur on an annual basis, exhibited low susceptibi-

lity. The fourth strain, from an Oregon coastal river,

where no C. shasta infections have been reported had exceed-

ingly high susceptibility to the disease. The resistance of

Columbia River fall chinook would have resulted by repeated

exposure of the downstream migrants to C. shasta and the re-

peated survival of the population of the selective pressure

of ceratomyxosis. This indication to resistance could be

applied when strains are selected to replenish runs of

anadromous fish for waters where the disease occurs.

6. Two strains of rainbow trout were evaluated for re-

sistance by natural exposure to ceratomyxosis. Both strains

originated from parent stocks which had survived exposure to

the disease. One strain was cultured by the California De-

partment of Fish and Game, while the second originated from

feral Deschutes River rainbow trout. Both strains were very

resistant to ceratomyxosis when exposed in the Deschutes

River. The California strain did not survive well, however,

due to the bacterial fish pathogens contracted during the

exposure. Disease resistance, developed in this manner,

could prove to be a solution to the management of waters

where ceratomyxosis occurs.
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7. No transmission of C. shasta occurred by -the addi-

tion of susceptible fish to an aged mixture of mud, infected

tissues and pathogen-free water. No transmission of the

disease occurred in any case where uninfected and infected

fish were held in close association.

8. Transmission was obtained by injecting ascites

fluid, harvested from infected fish which contained tropho-

zoites of C. shasta. Trophozoites were determined to be the

infective agent for this method of passage. The California

strain of rainbow trout, found to be resistant by natural

exposure, was highly susceptible to ceratomyxosis by the in-

jection procedure. This led to the conclusion that the

mechanism of resistance operated at the portal of entry of

the parasite.

9. Histopathology of C. shasta in rainbow trout was

described. The infection appears to originate in the pyloric

caeca. Secondary infection occurs in the mucosa of the

posterior descending intestine after 13 days post-exposure

at 17 C. The infection then spreads to include all intes-

tinal layers and progresses in an anterior direction through-

out most of the gastrointestinal. tract before death of the

host occurred. Plasia of the lamina propria, generalized

inflammation, muscle necrosis, and edema accompanied the

infection. The earliest stages were detected three days

after the beginning of the exposure as young trophozoites of

the mucosal epithelium of the pyloric caecum. No evidence of
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ceratomyxosis was obtained from fish examined during the

progress of the exposure and the stage of C. shasta infec-

tious to fish by natural exposure, was not identified.
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