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The distribution in Oregon of two viruses affecting salmonid

fishes was determined by examination of hatchery and feral fish.

Infectious pancreatic necrosis virus (IPNV) was isolated from fish

at the Oregon Department of Fish and Wildlife Research Laboratory,

Corvallis, Roaring River, Fort Klamath, and Wizard Falls Hatch-

eries. Fish collected at Elk, Cache, and Sparks Lakes were also

found to be infected with IPNV. An epizootic caused by IPNV occurred

at Wizard Falls Hatchery in 1974.

Infectious hematopoietic necrosis virus (IHNV) was isolated

from fish at Round Butte, Wizard Falls, and Elk River Hatcheries,

and the Upper Metolius River. Epizootics due to IHNV occurred at

Round Butte and Wizard Falls Hatcheries in 1975. The fish dying

from IHNV at Wizard Falls Hatchery were also infected with IPNV,

the first reported case of double virus infection in fish. The isolation



of IHNV at Elk River Hatchery extended the range of the fish viruses

into the Oregon coastal waterways for the first time.

The occurrence of IPNV at hatcheries was controlled by destruc-

tion of infected stocks, sanitation of facilities and identification of

a source of virus-free eggs. After sanitation the hatcheries were

restocked with virus-free eggs and fish. The infection of hatchery

fish by IHNV was not controlled due to its presence in trout and salmon

brood stocks and in feral fish in waters above the hatcheries.

Isolates of IPNV from sites in Oregon were compared serolog-

ically. Determination of 100% endpoint titers were found to be too

variable for accurate comparisons; 50% endpoint titers were less

variable and were used in this study. Only one serotype of IPNV was

found in Oregon, but considerable antigenic variation was seen. There

were two antigenic subtypes among the IPNV isolates examined: a

Willamette Valley subtype and a Deschutes River subtype.

The viruses isolated from the 1974 and 1975 Wizard Falls

Hatchery IPNV epizootics were found to be antigenically dissimilar,

indicating a separate source of infection for each epizootic. The 1975

epizootic had as its source eggs from Roaring River Hatchery brood-

stock. The origin of the virus in the 1974 epizootic was not deter-

mined. The source of infection of the 1973 Fall River Hatchery

epizootic was shown to be eggs taken from virus-infected Eastern

brook trout in Elk Lake.
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DISTRIBUTION AND EPIZOOTIOLOGY OF INFECTIOUS
PANCREATIC NECROSIS AND INFECTIOUS

HEMATOPOIETIC NECROSIS VIRUSES OF
SALMONID FISHES IN OREGON

INTRODUCTION

The history of knowledge of the fish viruses in Oregon began

with the isolation of the Oregon sockeye virus (now infectious hemato-

poietic necrosis or IHN virus) by Fryer in 1958 (Fryer, 1964). After

that occurrence, no fish viruses were isolated until 1971 when

McMichael (1974) isolated IHN virus and, for the first time in

Oregon, infectious pancreatic necrosis (IPN) virus from fish in the

North Santiam River drainage. In 1973 the first hatchery epizootic

of IPN virus in Oregon occurred at Fall River Hatchery, and the first

extensive distribution study was begun by Tebbit (1976). The occur-

rence of IPN virus in Eastern brook trout (Salvelinus fontinalis) at

Fall River Hatchery and later at Wizard Falls Hatchery resulted in

the elimination of culture of that species for two years and production

of a reduced number for a third year. The demonstration of both IPN

and IHN viruses in Oregon in 1973 caused serious concern for the

health status of broodstocks and production fish in Oregon hatcheries

and of feral fish.

An extensive survey of hatchery and feral salmonids was begun

because of the threat posed to the culture of salmonids in Oregon.
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The goals of the research were to determine the distribution of IPN

and IUN viruses in the state, to eliminate the viruses from hatchery

populations, and to conduct an epizootiological study of IPN virus to

determine the sources of infections of the hatcheries.

The epizootiology of the IPN virus isolates was based on the

variation in antigenic composition of the isolates as determined by

reciprocal cross-neutralization tests. Wherever possible, the con-

clusions derived from the serological comparisons were corroborated

by information about the sources of the involved eggs or fish.
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LITERATURE REVIEW

Infectious Pancreatic Necrosis (IPN) Virus

The IPN virus was first isolated by Wolf et al. (1960) from

Eastern brook trout (Salvelinus fontinalis) in the United States. The

disease was considered to be the same as a Canadian disease called

acute catarrhal enteritis (MIGonigie, 1941, Wood et al. , 1955).

Snieszko and Wolf (1958) renamed the disease infectious pancreatic

necrosis.

Snieszko et al. (1959) and Wood et al. (1950) had demonstrated

the infectious nature of the disease before the virus was isolated.

Experimental infections in young fish were done by Wolf et al. (1961),

and Wolf and Quimby (1971). The symptoms of the disease were de-

scribed by Wolf (1966) and the varying mortality rates of the disease

by Vestergard Jorgensen (1974). The first histopathoiogical study of

IPN (Wood et al. , 1955) showed necrosis of pancreatic tissue to be

characteristic of the disease. A study of artificially-infected fish

(Yasutake, 1965) showed the hematopoietic tissue of the kidney was

primarily destroyed. Wolf (1971) demonstrated that the French IPN

isolates caused degenerative effects in both tissues.

Geographically the IPN virus has been reported from North

America (Wolf et al. , 1960), France (Besse and deKinkelin, 1965,

Wolf and Quimby, 1971), Denmark (Vestergard Jorgensen, 1974),
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Sweden (Ljungberg and Vestergard Jorgensen, 1972), Scotland (Ball

et al., 1971), Japan (Sano, 1971, 1972), Canada (MacKelvie and

Artsob, 1969, Yamamoto, 1974), the United Kingdom (Wolf, 1972),

and Jugoslavia (Fijan, 1974). Isolation of IPN virus from Oregon

salmonids was reported by McMichael (1973) and Tebbit (1976).

Review articles which included IPN virus have been written by

Wolf (1966, 1972, 1976), Grauballe (1972) and Scherrer (1973).

Wolf (1966, 1967) reported that IPN virus was highly pathogenic

for Eastern brook trout and rainbow trout (Salmo gairdneri) but less

so for brown trout (Salmo trutta). Other species affected are coho

salmon (Oncorhynchus kisutch) (Wolf, 1970, McMichael, 1973),

Atlantic salmon (Salmo salar) (MacKelvie and Artsob, 1969, Arctic

char (Salvelinus alpinus) (Ljungberg and Vestergard Jorgensen, 1972),

cutthroat trout (Salmo clarki) (Parisot et al. , 1963), landlocked sock-

eye salmon or kokanee (0. nerka) (Sane, 1973) and Amago trout

(0. rhodurus) (Sano, 1973, Sano and Yamazaki, 1973). Sonstegard

et al. (1972) found white suckers (Catostomus commersoni) from the

tailwaters of a hatchery with IPN virus were carrying the virus, but he

felt that it had been ingested with food. Mink (Mustella sp. ) and se-

lected species of birds were fed IPN virus by Sonstegard and

McDermott (1972), who then recovered the virus from feces of both

the mink and some of the birds. Eskildsen and Vestergard Jorgensen

(1973) recovered IPN virus for up to eight days from the feces of gulls
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which had been fed IPN virus, indicating that fish-eating birds might

be a vector for spreading the virus. An IPN-like virus which re-

sembles a French isolate of IPN virus has recently been isolated by

Sano (1976) from European eels LARguilLaanguilla ) and from Japanese

eels (A. japonica).

The classification of IPN virus is uncertain. Electron micro-

scopy of virus-infected cell cultures showed that the virus particles

are unenveloped icosahedra, 55-65 nanometers (nm) in diameter and

resemble those of reovirus type 3 (Moss and Gravell, 1969). Studies

on pancreatic tissue from infected trout (Lightner and Post, 1969)

gave similar results. The virus capsid is built up of 180 structural

subunits partially shared between 92 adjacent pentagonal or hexagonal

morphological units (Cohen and Scherrer, 1972). Cerini and

Malsberger (1965) had described IPN virus as a picornavirus with

12 capsomeres and a diameter of 18-29 nm. Cohen and Scherrer

(1974) and Cohen et al. (1973) have further described IPN virus in

an attempt to solve the discrepancy. Nicholson (1971) found IPN

virus was different from the reovirus group because it was inhibited

by Actinomycin D.

By its staining characteristics with acridine orange, Nicholson

(1971) suggested that the viral RNA was single-stranded. Kelly and

Loh (1975) also concluded that acridine orange staining indicated a

single-stranded RNA. Cohen et al. (1973), Moss and Gravell (1969)
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and Argot (1969) have presented evidence that IPN virus RNA is

double-stranded. Because of its susceptibility to r:Lbonuclease, its

bas.! :omposition, end its resistance to thermal denaturation, Kelly

and Loh (1972) concluded that the RNA was single-stranded. However,

they noted several features such as sedimentation behavior, solubility

in lithium chloride, and resistance to ribonuclease in the presence of

magnesium ions which suggested that there may be an unusual second-

ary structure present in the single-stranded RNA. They suggested

that IPN virus be placed in a new group of viruses. Recently,

MacDonald and Yamamoto (1976) visualized the IPN virus RNA by

electron microscopy and described it as being double-stranded. How-

ever, because their physico-chemical tests were not indicative of a

truly two-stranded molecule, they suggested that there may be an

additional component which they did not see with the electron micro-

scope.

Fluorescent antibody staining was first applied to IPN virus by

Argot (1969) who used the direct technique, as did Vestergard

Jorgensen (1972), Vestergard Jorgensen and Meyling (1972), Grauball.

(1972), Piper et al. (1973), and Tu et al. (1974). The indirect

fluorescent antibody technique was used by Vestergard Jorgensen

(1972).

Loh et al. (1974) described seven polypeptide components of

IPN virus ranging in molecular weight from 34, 000 to 125,000.
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These proteins probably are the primary antigenic components of the

virus. Wolf (1972) indicated that there were strain variations in the

abLity of different .solates to be neutralized by antiserum. Vestergard

Jorgensen and Grauballe (1971) revealed that the choice of adjuvant in

the preparation of antiserum could affect the results of a serological

comparison of IPN virus isolates by serum neutralization. Vestergard

Jorgensen (1972) reported that the use of Freund's complete adjuvant

resulted in higher endpoint titers for some isolates but not others.

Lientz and Springer (1973) examined 42 strains of IPN virus

from the United States, Canada and Europe for antigenic similarity

using a polyvalent antiserum against five strains of IPN virus. Their

technique suffered from the wide variation of the amount of virus used

in each neutralization test. However, they identified two additional

strains of IPN virus, bringing the total to seven. Previous work on

the serological diversity of North American IPN virus isolates had

been done by Malsberger and Cerini (19? ), Wolf et ai. (1969), and

MacKelvie and Cerini (1969). Antigenic diversity of European isolates

was reported by Vestergard Jorgensen and Kehlet (1971) and Wolf and

Quimby (1971). Sano (1971) showed that Japanese isolates were sero-

logically similar to certain U. S. strains. The work of Wolf (1972)

and Lientz and Springer (1973) indicated a minimum of seven serolog-

ically distinct types existed among the isolates, tested. Frantsi and

Sayan (1971) demonstrated the variation of different isolates in the
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conditions required for survival and in the severity of infections

caused.

McMichael ec al. (1975) compared two IPN virus isolates from

Oregon with a reference strain by cross plaque neutralisation and

found them to be closely related. However, they found the isolates

differed in their stability to freezing and storage at -60 C. Lientz

and Springer (1973) had also noted an inability of some isolates to

withstand freezing and thawing.

Finlay and Hill (1975) used a complement-fixation test for the

rapid serological identification of IPN virus isolates. They used a

polyvalent antiserum prepared against three isolates in their tests.

Wolf and Vestergard Jorgensen (1970) described the kinetics

of the growth of IPN virus and Egtved virus in doubly-infected RTG-2

cells. Yamamoto (1975) reported a case of double-infection of fish

by IPN virus and the bacterium of bacterial kidney disease. The first

report of a case of two fish viruses, IPN and IHN, infecting a single

fish was by Mulcahy and Fryer (1976).

Tu et al. (1975) and Vestergard Jorgensen (1973) reported on

the inactivation of 1PN virus by temperature, pH and chemical dis-

infectants. Further information on disinfectant procedures was given

by Desautels and MacKelvie (1975) and MacKelvie and Desautels (1975).

Amend and Pietsch (1972) studied the effects of iodophor disinfectants

on fish viruses, and Amend (1976) discussed the possibility of
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vaccination for control of salmonid virus diseases.

Infectious Hemato oietic Necrosis IHN Virus

Infectious hematopoietic necrosis virus was first characterized

by Wingfield (1968) who later published part of his results (1969).

Originally the disease was thought to be limited to the western and

northwestern United States and British Columbia, Canada. Rucker

(1953) described the disease in the species 0. nerka and suggested

the possibility of a viral etiology. Watson et al. (1954) demonstrated

a filterable agent and proposed the name sockeye virus. Guenther

et al. (1959) showed a relationship between outbreaks of the disease

and use of salmon viscera in fish feed. They also demonstrated that

survivors of epizootics and adult fish were carriers of the virus.

Besides 0. nerka, the virus has been isolated from rainbow

trout by Amend et al. (1969) and has been reported from coho salmon

(0. kisutch), steelhead trout (Salmo gairdneri), Kamloops trout

(Salmoneri kamloopf) and Chinook salmon (0. tslawytssii2..) by

Parisot and Pelnar (1962). The virus has also been isolated from fish

in Japan (Sand, 1976). The distribution of the disease in the western

United States was reported by Parisot et al. (1965). Elsewhere in

the United States, outbreaks of IHN disease in fish hatched from eggs

originating in the northwestern states have been reported in Minnesota

(Plumb, 1972), Montana (Holway and Smith, 1973) and in Virginia and
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West Virginia (Wolf et al, , 1973). The disease has recently been

found in the state of Alaska (Grischkowsky and Amend, 1976).

Three diseases previously believed to be different, IHN,

Sacramento River Chinook Disease and Sockeye Salmon Virus Disease,

have been found to be variants of a single disease, IHN. Amend et al.

(1969) first reported the similarity of the disease, and Amend and

Chambers (1970) showed the three viruses caused indentical cyto-

pathological effect in vitro. McCain et al. (1971) used plaque neutral-

ization to show the antigenic similarity of the viruses. Darlington

et al. (1972) showed the virus particles to be bullet-shaped, indicating

that the virus was a rhabdovirus. Physico-chemical, serological and

ultrastructural comparisons of the IHN rhabdovirus to other fish

rhabdoviruses have been done by Cohen and Lenoir (1974), Hill et al.

(1975), McAllister and Wagner (1975), and Lenoir and deKinkelin

(1975).

McAllister and Pilcher (1974) reported that IHN virus may

form defective and autointerfering particles. DeKinkelin and LeBerre

(1974) found that IHN virus stimulated interferon production in rainbow

trout. Amend and Pietsch (1972) developed the standard detection

method for fish viruses, including IHN virus, and introduced iodophore

disinfection of eggs as a means of controlling IHN virus (Amend and

Pietsch, 1972). Yasutake and Amend (1972) correlated histopatho-

logical changes resulting from IHN virus infection with increases in
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mortality and virus titer. Hematological studies on IHN virus-

infected fish have been done by Watson et al. (1956) and Amend and

Smith (1974, 1975). Amend (1970) reported that elevating the water

temperature helped reduce mortality due to the disease.

Methods for detection of the virus were given by Amend (1974,

1975), which extended his earlier recommendations.

Of basic interest was the report by Clark and Soriano (1974)

that IHN virus could replicate in mammalian cell lines. Attempts

to infect fruit flies (Drosophila melanogaster) with IHN virus have

failed (Bussereau et al. , 1975, Bussereau and deKinkelin, 1972).

Records of early shipments of eggs into Oregon may be useful

in determining the original source of IHN virus. Grischkowsky and

Roppel (1976) recently reveiwed records from Afognak Hatchery, on

Kodiak Island, Alaska which listed several shipments of sockeye

salmon eggs to Oregon hatcheries. The first shipment was of

8,000, 000 eggs in 1915 sent to Washington and Oregon. In 1916,

3, 000, 000 eggs were sent to the Oregon Fish Commission. In 1919

and again in 1920, 3, 000,000 eggs were sent specifically for the

Bonneville Hatchery on the Columbia River. Bonneville Hatchery

received 5, 200, 000 sockeye salmon eggs in 1921 from Afognak

Hatchery, at which an epizootic occurred in sockeye salmon fry in

May and June which resulted in heavy losses. The cause of the

epizootic was thought to be "low vitality of parent fish. " Since IHN
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virus has been found in every population of sockeye salmon examined

on Kodiak Island, there is a possibility that this was an epizootic

caused by IHN virus. Unfortunately, records of the Bonneville

Hatchery for these years do not exist, so it is not known if there

was a comparable loss in the fry hatched from eggs that were shipped

from Afognak to Bonneville Hatchery in that year.
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METHODS AND MATERIALS

Cell Lines

Two cell lines derived from salmonid embryos (McCain, 1970)

were used in the course of this study. The chinook salmon (Onco-

rhynchus tshawytsha) embryo cell line, designated CHSE-214, was

used from passage 123 to passage 225 for virus isolations from fry,

viscera and ovarian fluid samples, plaque assays, 50% tissue culture

infectious dose assays, antigen and antiserum preparation, serolog-

ical comparisons of virus isolates and fluorescent antibody techniques.

The steelhead trout (Salmo gairdneri) embryo cell line, designated

STE-137 was used from passage 82 to 158 for fluorescent antibody

techniques and virus isolations from all sample types. At intervals

a vial of fish cells of an earlier passage number was taken from

liquid nitrogen storage and new stock cell cultures developed to

assure uniform virus susceptibility.

Propagation of Stock Cell Cultures

Stock cell cultures were grown at 18 C in 32 oz prescription

bottles (Brockway Glass Co. ) closed with white latex stoppers (West

Co. ). The medium was not changed until subculturing at tan to twenty

day intervals (McCain, 1970). Bottles of rnonolayered cells not needed

for immediate use were stored at 4 C to slow the growth rate (Plumb
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and Wolf, 1971). These cultures were transferred to the 18 C incu-

bator 24 hours prior to use.

Periodic sterility tests were performed by inoculating one

milliliter (ml) of cell culture fluid into Fluid Thioglycollate Medium

(BBL) and one ml of fluid and cells into Bacto-PPLO-Broth (Difco.

Co. ) supplemented with starch (5 g/1) (Difco Co. ), Tripticase (0. 5 g/l)

(BBL), fetal calf serum (100 m1/1) (Flow Laboratories, Inc. ), and

B-Nicotinamide Adenine Dinucleotide (0. 1 g/l) (Sigma Chemical Co, ).

These sterility tests were incubated at 18 C and 37 C for 14 days.

In addition to aerobic incubation mycoplasma broth was also incubated

anaerobically in a Gas Pak (BBL) container.

Cell Culture Medium

Cell cultures were maintained in a modified Eagle's minimum

essential medium (MEM) (Eagle, 1959), prepared by adding MEM

components (Flow Laboratories, Inc. ) to Hanks' balanced salt solu-

tion (Merchant et al. , 1964) or by reconstituting powdered autoclav-

able cell culture medium (Auto-Pow) (Flow Laboratories, Inc. ), con-

taining Earle's balanced salts (Earle, 1943). Dou'clle-distilled water

was used for all medium preparations. The medium was supple-

mented with 10% fetal bovine serum (Flow Laboratories, Inc. ), peni-

cillin (100 IU/ml) and streptomycin sulfate (100 mg/mi.) and buffered

with sodium bicarbonate to pH 7. 2. This cell culture medium was
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referred to as MEM-10%. Cell culture medium used when propagat-

ing viruses for stock cultures or antigen preparations and for diag-

nostic work contained 5% fetal bovine serum and was referred to as

MEM-5%. All virus dilutions were done in Hanks balanced salt solu-

tion buffered to pH 7. 5 with 7. 5% sodium bicarbonate (referred to as

buffered saline).

Reference Viruses

Infectious Pancreatic Necrosis (IPN) Virus

Two isolates of IPN virus were used as reference strains or

controls. One isolate from brook trout (Salvelinus fontinalis) was

supplied by Dr. K. E. Wolf of the Eastern Fish Disease Laboratory,

Kearneysville, West Virginia. This isolate is on deposit with the

American Type Culture Collection and is designated VR-299. Another

IPN isolate from Oregon cutthroat trout (Salmo clarki) (McMichael,

1974) was used to produce antiserum for neutralization tests on new

isolates and as a positive control virus for such neutralization tests.

This isolate is referred to as CTT. Both IPN reference strains were

propagated in CHSE-214 cells and virus-containing supernatant frozen

at -60 C in glass vials with rubber lined caps (Wheaton Industries,

Inc. ).

Infectious Hemato oietic Necrosis (IHN Virus

The IHN virus isolated by McMichael (McMichael, 1974) from
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moribund rainbow trout (Salmo gairdneri) in Nan-Scott Lake in 1971

was used as a reference virus for production of antiserum, for use in

neutralization tests on new isolates and as a positive control virus for

such tests. This isolate is referred to as Nan-S. It was propagated

in CHSE-214 cells and virus-containing supernatant was frozen at

-60 C its glass vials with rubber lined caps (Wheaton Industries, Inc. ).

Preparation of Virus Stocks

When new stocks of virus were needed, a vial of frozen (-60 C)

virus was thawed quickly at 16 C and diluted 1:100 for addition to a

32 oz bottle of CHSE-214 cells seeded 8-10 days previously. One ml

of 1:100 virus dilution was added to a bottle of cells containing 50 ml

of MEM-10% for a final virus dilution of 1:5000. The bottle of infected

cells was incubated for 96 hours for IPN virus or 144 hours for IHN

virus. At these times cytopathic effects (CPE) were advanced and

the tissue culture fluid was removed and centrifuged at 2, 200 x g

for 20 minutes to pellet the cell debris. The supernatant was then

titered for use in experiments or one ml aliquots were frozen to

-60 C.

Method for Mono layer Plaque Assay_

The monolayer plaque assay technique was used for cloning of

virus isolates, titering of virus in infected fish, and titering of virus
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stocks in experiments.

Two oz prescription bottles (Brockway Glass Co, ) were seeded

eight to ten days before use with 7. 5 ml of a suspension of CHSE-214

cells (400, 000 cells per ml) in MEM-10%. Only confluent cultures

were used for plaguing. Ten-fold dilutions of the virus to be titered

were prepared in buffered saline. Three bottles were inoculated per

dilution. The MEM-I0% was poured off and 0.2 ml of virus dilution

was added per bottle. The bottles were immediately rotated to spread

the inoculum and adsorption for one hour at 18 C allowed. The bottles

were rotated every 15 minutes during the adsorption period. Follow-

ing adsorption 5 ml of nutrient agar overlay was added per bottle.

This overlay was prepared by mixing equal volumes of 2X MEM-5%

heated to 50 C and sterile melted 1. Agarose (Sigma Chemical Co.).

After the agar overlay hardened the bottles were inverted and incu-

bated at 18 C. Between 48 to 96 hours after the addition of the nutri-

ent agar overlay a neutral red agar layer was added. This overlay

was prepared in the same manner as the first except no serum was

included and sterile neutral red (Difco Laboratories, Inc. ) for a final

concentration of 50 µg /ml was added. After the agar hardened the

bottles were inverted and incubated at 18 C in the dark (Green et al, ,

1959). Alternatively, the second overlay was omitted and 48 to 96

hours after infection one ml of a 1:1000 dilution of neutral red in

buffered saline was added to each bottle and distributed over the
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first overlay. The cultures were incubated upright for one hour at

18 C and then inverted and incubation continued.

Cultures showing 20 to 200 plaques were counted 24 hours after

the second overlay or neutral red solution was added. The plaque

counts from three preparations were averaged and the corresponding

titer calculated and expressed as plaque-forming units per ml (pfu/ml).

Method for TCID-50 Assay

The 50% Tissue Culture Infective Dose (TCID-50) was used for

all serological comparisons and for the determination of virus titers

in experiments where a quantal assay was indicated.

Flat bottomed, 96-well tissue culture microplates (Flow Lab-

oratories, Inc. ) sealed with pressure sensitive Mylar film (Flow

Laboratories, Inc. ) were used for determining TCID-50's. Ten-fold

dilutions of the virus to be titered were made in buffered saline. A

calibrated dropper (Cooke Engineering Co. ) was used to add 0. 05 ml

of each virus dilution to a minimum of four wells on the plate. Two

drops of MEM-10% containing 300, 000 CHSE-214 cells per ml were

added per well. The microplate was gently rotated to mix the cell

suspension with the virus dilution and incubated at 18 C for 96 hours.

Each well of the plate was examined for CPE and the 50% end-point

calculated by the method of Reed and Muench (1938).
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Preparation of Rabbit Anti-Virus Serum

Cloning Virus Isolates

All isolates used for antiserum production were cloned three

times before being grown for antigen preparation. Cloning was done

by plaguing each isolate at high dilutions. No neutral red overlay

was added to the bottles used for plaque cloning. A well isolated

plaque was selected and a plug of agar above the plaque was removed

with a curve-tipped pasteur-pipette. The agar plug was placed in a

tube of buffered saline and shaken to disperse the virus. Ten-fold

dilutions were made and new plaque bottles inoculated. Each isolate

was plaque-cloned a total of three times. A 32 oz bottle of CHSE-214

cells was inoculated with thrice-cloned virus to a final dilution of

1:5000 and one ml aliquots frozen to -60 C.

Preparation of Virus Anti e n for Inection into Rabbits

A vial of frozen, thrice-cloned virus was quickly thawed at 16 C

and diluted 1:100 in buffered saline. One ml of this dilution was added

to each of six monolayered 32 oz bottles of CHSE-214 cells each con-

taining 50 ml of MEM-10%. The infected cultures were incubated 96

hours for IPN virus and 120 hours for IHN virus at which times CPE

was advanced. The supernatant was removed, pooled, and centrifuged

at 2,200 x g for 20 minutes to pellet cell debris. The resulting fluid
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was then centrifuged at 63, 500 x g in a Spinco Model L ultracentrifuge

for 90 minutes. The virus pellets were resuspended in 1. 5 ml of

buffered saline and stored at 4 C until use.

In.( ction of Rabbits and Collection cf Immune Serum

Each rabbit to be injected was bled (10 ml) from the marginal ear

vein prior to injection. The collected serum was tested for anti-CTT-

IPN or anti-Nan-S-IHN activity by the serum neutralization test.

Rabbits were injected intramuscularly in the flank area with an

emulsion of the virus suspension and one ml of Freund's complete

adjuvant (Difco Laboratories). The emulsion was formed by forcing

the mixture back and forth between two five ml syringes connected by

needles soldered together. The emulsion was tested by allowing

drops to fall into a beaker of distilled water. When the second drop

failed to spread over the surface of the water, the emulsion was con-

sidered to be formed. Each flank of the rabbit received one ml of the

emulsion.

Each rabbit was reinjected with freshly prepared virus-adjuvant

emulsion at no less than 14 day intervals. After three series of injec-

tions the rabbits were bled from the marginal ear veins. The blood

was allowed to clot at room temperature for one hour and then was

moved to 4 C where clot retraction occurred overnight. The sepa-

rated serum was removed from the clot by decantation and the clot
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centrifuged at 200 x g to force out more serum. The collected serum

was pooled and filtered through a 0.45 p.m filter (Millipore Corp. ).

The filtered serum was heated to 5j C for 30 minutes to eliminate

antiviral heat labile substances. One ml aliquots of serum were

added to glass vials with rubber lined caps (Wheaton Industries) and

frozen to -60 C.

The Distribution of Fish Viruses

Determination of the Populations to be Examined

In light of the June, 1973 epizootic due to IPN virus in Eastern

brook trout (Salvelinus fontinalis) at Fall River Hatchery (Tebbit,

1975) and the isolation of IPN virus from feral Eastern brook trout

(S. fontinalis) in high lakes in the Cascade Range (Tebbit, 1975), this

study emphasized examination of fish from hatcheries belonging to the

Oregon Wildlife Commission (presently the Oregon Department of Fish

and Wildlife), and of feral fish populations where large numbers of

Eastern brook trout were present.

Determination of the Number of Fish
to be Examined from a Po ulation

Whenever possible the number of fish taken from a population

for virus examination was determined statistically according to Amend

and Wedemeyer (1970). For large populations a 60 fish lot was taken



22

which allowed for the detection of a 5% carrier incidence with a 95%

confidence level, assuming randomness.

When 60 fish could not be obtained the number available was

examined. The tissues examined were the same regardless of the

number of fish examined.

Types of Samples

The type of sample taken depended on the size and sexual matur-

ity of the fish and the type of virus suspected to be present. Standard

methods (Fish Health Section, AFS, 1974) for taking samples were

followed.

Three types of samples were taken: viscera, ovarian fluid, and

whole fry. Sac fry and fry to four centimeters (cm) were processed

whole. Fingerlings between 4 and 10 cm were eviscerated and the

whole viscera including the kidney was processed.

In the ear ly parts of the study kidney, liver, and spleen were

taken from fish over 10 cm in length. Fish of this size are considered

as adults for sampling purpose as they are larger than the size of fish

susceptible to the acute phase of the virus diseases. Later the liver

was eliminated as a sample tissue when it was learned that it was a

less efficient sample than kidneys and spleens alone (Yamamoto, 1974).

Ovarian fluid was obtained whenever possible and was the sample of

choice when examining adult fish for IHN in the carrier state.
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Collection of Samples

Fry and fingerlings were placed in plastic bags at the field site

and transported to the laboratory on a bed of crushed ice. Viscera

were examined by slitting open the fish and removing a piece of kidney

and spleen weighing about 0. 5 gram (g) each with alcohol-flamed

forceps. The tissues from five fish were placed into screw-capped

test tubes and transported to the laboratory on crushed ice. No

transport fluid was used. A 60 fish test lot resulted in a total of 12

pooled samples.

Ovarian fluids were obtained by aspirating about 3 ml of the

fluid from a pan after five female fish had been spawned. Twelve

pooled samples were obtained from the 60 fish test lot. The ovarian

fluids were transported back to the laboratory in the syringes or in

test tubes on crushed ice.

On returning to the laboratory the samples of all types were

stored at 4 C until processed. All samples were processed within

one week of being taken. The samples were not frozen at any time.

Examination of Samples in the Laborator

Cells used for the inoculation of all samples were seeded into

microplates 24 to 48 hours before use. No seeded microplates older

than four days were used. Two plates were used to examine each

sample, one seeded with CHSE-214 cells and the second with STE-137
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cells.

Prior to inoculation of the cells the old MEM-10% was removed

and one drop of MEM-5% placed into each well. Each plate contained

12 wells which received one drop each of buffered saline instead of

sample as a negative control. Periodically each cell line was tested

for its susceptibility to IPN and IHN viruses. No changes in cell line

susceptibility were observed during this study.

After inoculation with the samples the microplates were re-

sealed and incubated at 18 C for a minimum of 14 days. Each well

was examined microscopically at 24 hour intervals for the development

of CPE.

Ovarian Fluid Samples. Ovarian fluid pools were diluted 1:5

in buffered saline and filtered through a 0.45 µm Swinney membrane

filter (Millipore Corp. ) (Wolf, 1970). One drop of filtered ovarian

fluid was placed in each of six wells per microplate. The final dilu-

tion of the fluid was 1:10.

Fry Samples. Fry were grouped into five fish pools and buffered

saline added to give a dilution of 1:10 (w/v). The fish pools were

homogenized in the saline for two minutes with a VirTis Model 23

Macro Homogenizer at 23,000 rpm. The homogenate was then centri-

fuged at 3,000 x g in a Sorval RC-2B refrigerated centrifuge (Ivan

Sorvall, Inc. ) at 5 C for 20 minutes. One ml of the supernatant was

diluted with 4 ml of an antibiotic solution containing 10,000 IU /m1 of
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penicillin, 10,000 µg /ml streptomycin sulfate and 10, 000 IU/ml

nystatin (Amend and Pietsch, 1972). This mixture was agitated and

allowed to stand at room temperature for two to six hours, or at 4 C

overnight (Fish Health Section, AFS, 1974) before use.

Following the antibiotic incubation period, 1 ml of the mixture

was filtered through a 0.45 p.m Swinney membrane filter (Millipore

Corp. ) (Wolf, 1970) and one drop of filtrate added per well of the

prepared microplates. The final dilution of the fry samples was

1:1 00.

Viscera Samples. Viscera of five fish were pooled, weighed

and diluted 1:10 (w/v) with buffered saline and homogenized for two

minutes with a Vir Tis Model 23 Macro Homogenizer at 23,000 rpm.

The homogenate was then centrifuged at 3,000 x g in a Sorvall RC-2B

refrigerated centrifuge (Ivan Sorvall, Inc. ) at 5 C for 20 minutes.

One ml of the supernatant was diluted with 4 ml of an antibiotic

solution containing 10,000 IU/m1 penicillin, 10, 000 µg /ml strepto-

mycin sulfate and 10, 000 IU/m1 nystatin (Amend and Pietsch, 1972).

This mixture was agitated and allowed to stand at room temperature

for two to six hours, or at 4 G overnight (Fish Health Section, AFS,

1974) before use.

Following the antibiotic incubation period 1 ml of the mixture

was filtered through a 0.45 p.m Swinney membrane filter (Millipore

Corp. ) (Wolf, 1970) and one drop of filtrate per well added to the
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prepared microplates. The final concentration of the viscera samples

was 1:1 00.

Isolation of Viral A ents from Collected Samples

The sample was considered negative after 14 days of incuba-

tion if no viral CPE was seen on daily observation of the microplates.

If CPE was observed in one or more wells, 0.1 ml of fluid was re-

moved and diluted 1 :100 with buffered saline and new cell cultures

on microplates inoculated. The dilution from the original sample

was then 1:1 0, 000.

If CPE was again seen on the subculture plate a further 1:100

dilution was made and new cell cultures on microplates inoculated

for a final dilution from the original sample of 1:1, 000, 000. The

subculture dilutions served to eliminate the toxicity present in some

samples. Since viruses replicated at each subculture they were not

diluted out. The appearance of CPE in the final subculture was pre-

sumptive evidence of the presence of a virus.

Identification of Viral A ents b Serum Neutralization

When CPE appeared on the final subculture microplate a micro-

plate serum neturalization test was done to identify the isolated virus.

The type of antiserum and control virus used was chosen on the basis

of the characteristics of the CPE observed. IPN and IHN viruses
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could be provisionally distinguished by the CPE they produced.

From the final subculture microplate 0.1 ml of virus- containing

fluid was withdrawn and ten fold di?utions made with buffered saline.

Orly- the 103, 104, 10-5, and 106 dilutions were used in the neu-

tralization test. The control virus, CTT-IPN or Nan-S-IHN, was

similarly diluted with buffered saline. One-half ml of each dilution

of both the unknown and control viruses was transferred to a sterile

test tube.

A 1 ml vial of frozen (-60 C) rabbit antivirus serum homologous

to the control virus used was removed and thawed at 18 C, and diluted

to 1:100 with buffered saline. One-half ml of diluted antiserum was

added to each tube containing the one-half ml aliquot of the diluted

unknown or control virus. The mixture was shaken and incubated at

18 C for one hour with agitation at 15 minute intervals.

During the incubation period a microplate which had been seeded

with CHSE-214 cells 24 hours previously was prepared to receive the

neutralization test. The old MEM-10% was removed, and two drops

of fresh MEM-10% per well was added to three columns of wells

which served as medium controls and to separate the known virus con-

trol from the unknown virus.

Four wells of each remaining column received one drop each

of buffered saline. One drop of each unknown virus dilution was added

to four wells of a column and one drop of each control virus dilution
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was added to four wells of different columns. These latter half-

columns served as positive controls containing the same dilution

of viruses as the antiserum-virus rlixtures.

To the remaining four wells of each column, two drops of the

matching dilution of antiserum-virus mixture was added per well

after the incubation period. The remaining column of wells received

one drop of buffered saline and one drop of the antiserum dilution per

well and served to determine if the serum alone could kill the cells.

The completed microplate neutralization test was sealed and

incubated at 18 C for 72 hours for IPN tests and 120 hours for IHN

tests. If CPE appeared in the positive control wells of both the

known and unknown viruses but not in the antiserum-virus mixture

wells of both, the unknown virus was identical to the known control

virus and was thus identified.

If the known control virus but not the unknown virus was neutral-

ized by the antiserum another neutralization test was done using anti-

serum against another fish virus. No viral agents not neutralized

by antiserum against CTT -IPN or NaD -S-IHN virus were isolated

during this study.

After identification a new isolate was plaque-cloned three times

and inoculated into a bottle of CHSE-214 cells. One ml aliquots of the

resulting virus containing fluid were frozen to -60 C.
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Determination of Specific Neutralizing
Antibodies in Trout Serum Samples

Blood was collected into sterile test tubes after amputation of the

caudal peduncle. The serum phase was harvested and frozen to -60 C

until use. Each serum was titered against WF-75 IPN and WF-75 IHN

virus isolates.

A microplate assay was used for determining the presence and

level of antibody against fish viruses in trout serum. An empty

microplate was prepared by adding 0. 05 ml of buffered saline to each

well with a calibrated dropper (Cooke Engineering Co. ). A 0. 05 ml

aliquot of serum from a single fish was placed in t he first well of a

row with a micropipette (Corning Glass Works). Eight serum samples

were run on each microplate. A Multi-Microdiluter Handle (Cooke

Engineering Co. ) equipped with eight 0. 05 ml microdiluters was used

to make two-fold dilutions of the sera on the microplate (Cooke Engi-

neering Co. , 1965). To each well of the microplate was added O. 05m1

of a dilution of WF-75 IPN virus containing 103.3 TCID-50 per ml

(100 TCID-50 per well). A second plate with the same sera and

prepared identically to the first plate was inoculated with the same

concentration of WF-75 IHN virus. The plates were then agitated to

mix the antiserum-virus mixtures and incubated for one hour.

At the end of the incubation period two drops of a suspension of

CHSE-214 cells containing 300,000 cells per ml were added to each



30

well. The cells were allowed to settle through the virus-antiserum

mixture to the bottom of the wells for two hours. The wells were then

emptied of the mixture to prevent s arum toxicity to the cells and two

drops of MEM-5% were added to each well. The plate was sealed and

incubated for 72 hours for IPN virus and 120 hours for IHN virus.

The highest dilution of the antiserum preventing the appearance of

CPE in the cells was considered the end point of antibody activity.

Controls consisting of normal trout serum and buffered saline instead

of serum were run in each group of sera tested.

Indirect Fluorescent Antibody Technique

The indirect fluorescent antibody technique was used for rapid

preliminary identification of isolated viruses before the serum neu-

tralization test was done and for demonstration of virus antigen in

infected cell cultures.

STE-137 cells were seeded onto 15 millimeter (mm) No. 0

round glass coverslips (Gold Seal) 48 hours prior to infection. Three

coverslips were incubated in a 60 mm glass petri dish. Ten-fold

dilutions of the virus to be stained were made with buffered saline.

The old MEM-10% was drained from the petri plate and O. I ml of

diluted virus added to each of three coverslips per dilution. The

virus was allowed to adsorb for one hour after which fresh MEM-10%

was added to the petri plate. The virus inoculum was not removed
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prior to the addition of new growth medium. The plates were placed in

a plastic freezer box with a moistened paper towel to keep the atmos-

phere humid. The box was tightly ,:losed and incubated at 18 C for 12

hoirs.

The 12 hour incubation period was chosen because Tu et al.

(1974) showed viral antigen to be clearly visible in infected cells at

this time. After incubation the MEM-10% was removed and the

coverslips allowed to dry completely at 37 C. The cells were fixed

in 10 ml of cold (-20 C) (Kaplan et al. , 1975) acetone per plate.

After fixation the acetone was removed and the plates were allowed

to dry at room temperature. If staining was not to be done immedi-

ately, the coverslip-containing plates were stored at -60 C. Before

use, the stored plates were brought to room temperature for one hour.

Rabbit antiserum against cTT-IPN or Nan-S-IHN and commerci-

ally prepared antiserum against rabbit globulin (BBL) which was con-

jugated with fluorescein isothiocyanate were diluted to 1:50 in

Dulbecco's phosphate-buffered saline (Dulbecco and Vogt, 1954). About

0.2 ml of the diluted anti-virus serum was added to the surface of

each coverslip and reaction allowed to occur for 45 minutes at room

temperature. The serum was poured off and each coverslip washed

in two changes of Dulbecco's phosphate-buffered saline.

The diluted anti-rabbit globulin serum was then added to the

washed coverslips and allowed to react for 45 minutes. This
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antiserum was drained off the coverslips and they were washed in

two changes of Dulbecco' s phosphate-buffered saline and rinsed once

in distilled water.

The rinsed coverslips were mounted on microscope slides with

a drop of 10% glycerol (Goldman, 1968) and examined with a Leitz

Ortholux fluorescence microscope, using a BG-12 blue filter for

excitation and an OG-1 orange eyepiece filter. Photographs were

made on 35 mm Tri-X film (Eastman Kodak Co. ) rated at ASA 1200

and developed in Acufine developer (Acufine, Inc. ).

For each experiment controls were included which consisted of

uninfected coverslips stained routinely and infected coverslips stained

with Dulbecco's phosphate-buffered saline substituting for one of the

antisera, or with normal rabbit serum instead of antiviral serum.

Determination of a Double Virus Infection
in Rainbow Trout (Salmo g2..ischLeri) Fry

In March, 1975 rainbow trout (Salm() eg,,j1-ciri) fry dying in

large numbers at Wizard Falls Trout Hatchery were taken to the

laboratory for examination for fish viruses. Pools of five moribund

fish were processed and inoculated into microplate cultures of CHSE-

214 cells. The final concentration of the sample was 1:100. Cyto-

pathic effect typical of IPN virus was seen and a microplate neutral-

ization test done using rabbit antiserum against CTT-IPN. This
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antiserum neutralized the IPN virus present, but CPE typical of IHN

virus appeared in the cells inoculated with the IPN-antiserum-treated

material. The IHN-CPE appeared our days after the test was done.

A seccnd microplate neutralization test using rabbit antiserum against

Nan-S-IHN was done to confirm the identity of the second virus. The

second test was done on fluid taken from the wells inoculated with the

anti-IPN serum treated material which had later developed IHN-CPE,

A double neutralization test using a polyvalent antiserum was

done on an aliquot of the homogenate from the original sample. The

polyvalent antiserum consisted of equal amounts of a 1:50 dilution

each of CTT-IPN rabbit antiserum and Nan-S-IHN rabbit antiserum.

The final concentration of each antiserum in the mixture was 1:100,

the same dilution as used in the single neutralization tests.

To determine if both viruses were present in individual animals,

single fish from the hatchery were homogenized at a 1:10 dilution and

further ten-fold dilutions made with buffered saline and 0. 2 ml of these

dilutions was added to monolayers of CHSE-214 cells for plaguing.

Further proof of the occurrence of both viruses in individual

fish was sought by treating separate aliquots of homogenate from a

single fish with rabbit antiserum against each virus. Ten-fold dilu-

tions of the homogenate from a single fish were made from 102 to

10-8. One ml aliquots of each dilution were placed in test tubes,

with three tubes per dilution. One tube per dilution also received
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1 ml of a 1:1W dilution of rabbit antiserum against CTT-IPN, and a

second tube per dilution received 1 ml of a 1!100 dilution of Nan-S-

IHN. The third tube of each dilutic n received 1 ml of buffered saline.

Alter incubation with periodic agitation for one hour each set of tubes

was plaque titered. This treatment also allowed the level of each

virus to be titered, since in each set plaques due to the virus which

was heterologous to the antiserum used were formed. The plaque

bottles which received material from the set of tubes with the IHN-

antiserum developed IPN plaques, and these were counted after four

days incubation. The plaque bottles which received material from

the tubes containing IPN-antiserum developed IHN plaques, and these

were counted after six days of incubation.

Serolo ical Relationships of Oregon IPN Isolates

Pre aration of Virus Isolates for Anti ren Propagation.

Each IPN virus isolate intended for serological comparison was

plaque-cloned three times and introduced into a 32 oz bottle of CHSE-

214 cells at a final dilution of 1:5000 to avoid developing autointerfer-

ence effects (Nicholson and Dunn, 1974). After 72 hours the tissue

culture fluid was removed, centrifuged at 2,200 x g for 20 minutes

to remove cell debris and 1 ml aliquots of the supernatant were frozen

at -60 C.
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Immunization of Rabbits with Each
Oregon Isolate of IPN Virus

Each IPN isolate was assigne i to a single New Zealand white

rabbit which was identified by a code number tattooed in its right ear.

Each rabbit was bled from the marginal ear vein before immunization

and the separated serum tested for antiviral activity by the microplate

serum neutralization test.

Methods for propagation of virus antigen and preparation of the

ultracentrifuged virus pellet were identical to those used for preparing

rabbit antiviral serum for identification of isolated viruses. Freund's

complete adjuvant (Difco Co. ) was used because of its effect on the

serological typing of IPN virus (Jorgensen, 1972). Three sets of

injections of freshly prepared virus-adjuvant emulsion were given

at a minimum of 14 day intervals. Two weeks after the final injec-

tions each rabbit was bled from the marginal ear vein. Four days

later the rabbit was bled a second time from the marginal ear vein.

The collected blood was allowed to clot at room temperature for one

hour and then moved to 4 C for clot contraction overnight. The serum

phase was poured off, pooled with the serum from the first bleeding

and filter-sterilized with Swinex 0.45 iam membrane filters (Millipore,

Corp. ). The filtered serum was then heated to 56 C for 30 minutes.

One ml aliquots were frozen to -60 C until used.
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Adsorption of the Antisera Used for Serological
Com arisons with CHSE-214 Cells

Preliminary tests using the antisera prepared for serological

comparisons of IPN virus isolates revealed strong toxicity of the sera

for CHSE-214 cells. In order to eliminate antibodies specific for the

cells each vial of antiserum was adsorbed against whole CHSE-214 cells

before use.

The cells from two 32 oz bottles of CHSE-214 cells were sus-

pended in 25 ml of buffered saline (1 x 106 cells/ml). One frozen

vial of antiserum against each IPN virus isolate was thawed at 18 C.

One ml of cell suspension was added to each vial and adsorption

allowed to occur for one hour. The serum-cell mixture was shaken

every 15 minutes during adsorption. After one hour the mixture was

diluted with 14 mis of buffered saline to give a final antiserum dilu-

tion of hi 6. This dilution was centrifuted at 375 x g for ten minutes

to pellet the cells. The supernatant was removed and filter sterilized

with a 0. 45 um Swinnex membrane filter apparatus (Millipore Corp. ).

Pre aration of Virus Stocks for Serology ical Comparisons

The freeze-thaw sensitivity of some strains of IPN virus has

interfered with serological comparison of IPN virus in previous

studies (Lientz and Springer, 1973; McMichael et al. , 1975). In

this study only freshly prepared virus stocks were used for
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serological comparison, and these stocks were never frozen.

Virus stocks for comparison were prepared by thawing a vial

of frozen plaque-cloned virus quicbly at 16 C and diluting this 1:50

with buffered saline. A 0.1 ml aliquot of this dilution was added to

a 150 ml milk dilution bottle of CHSE-214 cells containing 10 ml of

MEM-10%. The final dilution of the virus was 1:5000. After 72 tiours

viral CPE was evident. The virus-containing tissue culture fluid was

poured off and centrifuged at 2,200 x g for 20 minutes to remove the

cell debris. The supernatant was filtered through a 0. 45 p.m Swinnex

membrane filter (Millipore Corp. ) to further clarify the fluid and to

assure sterility. The fluid was stored at 4 C in a tightly closed

screw-capped test tube until use.

Determination of the Reciprocal Cross-Neutralization
Titers of the IPN Virus Isolates

The serum neutralization test utilizing a constant concentration

of virus and varying the serum concentration by two-fold dilutions was

used. This type of neutralization test allows a broader range of anti-

body titer to be measured and is more sensitive than when a test

using a constant serum-varying virus concentration test is done

(Rovozzo and Burke, 1973).

Method for Reciprocal Cross-Neutralization Tests. A micro-

plate neutralization test was used to determine the neutralizing
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activities of all the antisera used. This test had the advantage of

allowing the activity of all 14 antisera against a single virus to be

measured simultaneously. This el.minated variation in the test due

to slight differences in the titer of the several virus preparations

necessary if more than one run had to be done to test all antisera

against each virus.

Four microplates were used for each run to determine the

neutralization titers of 14 antisera against one virus. Four antisera

were titered on each of three plates, using two rows of wells on a

plate per antiserum. The fourth plate was used to test two antisera

and for controls.

A 0. 05 ml drop of buffered saline was added to each well of all

the plates using a calibrated dropper (Cooke Engineering Co. ). A

50 p.1 micropipette (Corning Glass Works) was used to place 0. 05 ml

of serum in the first well of each of two rows. Half of the fourth

plate received antiserum samples. The first two wells of two rows

on this plate received 0. 05 ml of normal rabbit serum, and the first

two wells of the remaining two rows received 0. 05 ml of buffered

s aline.

A Multi-Microdiluter Handle (Cooke Engineering Co. 1 equipped

with eight 0. 05 ml microdiluters was used to make the two-fold dilu-

tions of the sera and controls on the plates. Since the antisera had

previously been diluted to 1:16 during its preparation the dilutions
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obtained on the microplate ranged from 1:32 to 1:65, 536. The virus

stock used was diluted to give 103.3 TCID-50 per ml, and 0. 05 ml

was added to each well to give a co .stant 100 TCID-50 per well. The

plates were then gently agitated to mix the virus suspension with the

antisera dilutions and then incubated for one hour at 18 C with agita-

tion at 15 minute intervals.

During the incubation period a suspension of CHSE-214 cells

containing 3 x 105 cells per ml was prepared. The cells were sus-

pended in MEM-10%. After the incubation period two drops of this

cell suspension were added to each well of the microplates. The

microplates were then sealed and incubated at 18 C for four days.

Obtaining the 100% Endpoint Titers. The 100% endpoint titers

were read as those tubes showing no cytopathic effect when virus

control wells showed complete cytopathic effect. Two 100% neutral-

ization titers for each antiserum against a single virus were obtained

from a run. Each run was repeated three times giving a total of

six values for the 100% neutralization titer. The geometric mean of

the six values was then calculated.

Obtaining the 50% Endpoint Titers. The 50% e udpoint titers

were obtained to see if there was a greater sensitivity in determining

the serological relationships of the virus isolates than when the 100%

endpoint titers were used. The 50% endpoint titer was considered to

be the titer of serum protecting 50% of the cultures inoculated. Each
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run of the microplate cross-neutralization test gave one value for the

50% neutralization titer of each antiserum against a single virus.

Each combination was repeated thr.ie times giving a total of three

values for the 50% neutralization titer. The geometric mean of the

three titers was then calculated.

Analysis of the Reciprocal Cross-Neutralization Titers

The geometric mean titer was calculated from the six replicate

100% endpoint titer determinations and from the three replicate 50%

endpoint titer determinations. The geometric mean titer in each case

was used in all further manipulations of the data.

Obtaining the Titer Ratios of the Reciprocal Cross-Neutraliza-

tion Tests. To compare two viruses and their respective antisera,

four data points are obtained: two homologous reactions, the titer

of each antiserum against its own virus, and two heterologous reac-

tions, the titer of each antiserum against the other virus. In order to

simplify the interpretation of these data, the titer ratio may be ob-

tained. The titer ratio for a virus-antiserum combination is defined

as the ratio of the titer of the heterologous combination of virus and

antiserum to the titer of the homologous combination of virus and

antiserum. That is, the ratio of the titer of antiserum 1 against

virus 2 to the titer of antiserum 1 against virus 1.

When the titer ratios are calculated, the number of data points
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required to compare two viruses is reduced to two. This is the

result of eliminating the homologous reaction in each case because

its titer ratio is equal to one.

Comparison of the Reciprocal Gross - Neutralization Titers by

the Method of Archetti and Horsfall (1950). Where two-way cross-

neutralizations are available the relationships between viruses can

be analyzed by the method of Archetti and Horsfall (1950). The geo-

metric mean of the ratio (r
1)

obtained by dividing the heterologous

titer obtained with virus 2 by the homologous titer obtained with

virus 1, and the ratio (r2)
obtained by dividing the heterologous titer

obtained with virus 1 by the homologous titer obtained with virus 2,

is given by the function r = Nir
1

x r
2.

In practice, the titer ratios

already obtained function as r 1 and r2, and r is converted to percent

by multiplying by 100. The value, r, then, expresses as a single

value the extent of antigenic difference between two viruses when both

viruses and both antisera are compared in a reciprocal neutralization

reaction. When both titer ratios are equal, r is equal to 100%, indi-

cating no antigenic difference. A titer ratio greater than 100% tends

to cancel out a titer ratio of less than 100%, thus r is a value which

gives equal weight to antigenic differences in either direction, i. e. ,

serum 1 against virus 2 and serum 2 against virus 1. This is because

r is the geometric mean of the two ratios obtained with the heterolo-

gous viruses and the homologous sera. Using r makes it possible to
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accept that antigenic variation may net be reciprocal. The homolo-

gous ratio is by definition always equal to 100%.

Comparison of the Reciproca_ Cross-Neutralization Titers by

Student's t-Test on Paired Samples. The method of Archetti and

Horsfall (1950) compared two viruses by their reactions to two anti-

sera. However, each pair of viruses was also compared on the

basis of the reaction to all of the 14 antisera as a set. In this way

the reaction of aliquots of each of the antisera against the two viruses

being compared were considered as a paired sample rather than as

independent samples. The objective of pairing was to increase the

precision of the comparison of the two viruses (Snedecor and

Cochran, 1967).

The variable on which pairing was made was the reaction of

each of the 14 antisera against each of two viruses. The data then

consisted of 14 differences in the 50% endpoint titers of two viruses.

All 14 viruses were compared as pairs by means of Student's t-test

as the test of significance. The t-statistic used for paired samples

d
was t o. The critical region was defined by a significance level,s
a, = .05, and 13 degrees of freedom. Using the differences between

pair-mates, i. e. , the 50% endpoint titers of each virus against each

antiserum, the sample value of t was calculated and compared to the

critical t.
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EXPERIMENTAL RESULTS

Distribution of Salmonid Fish Viruses

The purposes of this study were to determine the distribution

of Infectious Pancreatic Necrosis (IPN) Virus and Infectious Hemato-

poietic Necrosis (IHN) Virus in trout and salmon populations in Oregon

and to locate virus-free wild broodstocks of kokanee salmon (land-

locked Oncorhynchus nerka) and Eastern brook trout (Salvelinus

fontinalis). The discovery by McMichael (1974) of IPN and IHN viruses

in Marion Creek and Nan-Scott Lake in the Cascade Mountains of

Oregon, and the preliminary results of Tebbit (1976) which indicated

that the viruses were absent from the coastal waterways of Oregon,

caused the initial survey work in this study to be concentrated in the

hatcheries, lakes and rivers located in central Oregon. As the study

progressed, a broader range of test locations was included. Eventu-

ally a total of 9, 875 fish from 18 hatcheries and 27 lakes and rivers

were examined for fish viruses. Figure 1 shows the geographical

locations of the test sites in Eastern and Western Oregon, and Figure

the test sites in the Willamette Valley and Central Oregon.

The fish examined were processed in the laboratory in 166

groups of pooled samples. The pooled samples totaled 1, 233. Of

the 166 groups of samples, 27 groups were positive for IPN virus,

IHN virus, or both IPN and IHN viruses, and 139 were negative.
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Infectious pancreatic necrosis (IPN) virus was found in samples from

eight locations tested and IHN virus was found in samples from six

locations. Table 1 gives the comrr. )11 name, genus and species of the

nine strains of salmonids examined during this survey. The lakes

and rivers from which fish were obtained are listed in Table 2, and

the hatchery test sites are listed in Table 3.

Virus Samples Processed from October, 1973 to June, 1974

Tebbit (1976) described an epizootic due to IPN virus in Eastern

brook trout (Salvelinus fontinalis) at Fall River Hatchery in June,

1973. The affected fry were from eggs taken from feral fish in three

lakes in the Oregon Cascades. He examined fish from these three

lakes and found IPN virus in Elk Lake and Lava Lake but not East

Lake. East Lake was the major source of Eastern brook trout eggs

for the state hatchery program, so an intensive examination of fish

from this lake was undertaken to determine the suitability of this stock

as a virus-free source of eggs. The geographic location of East Lake

is shown in Figure 2.

Viscera samples taken from 60 East Lake brook trout before

spawning began were negative. Both viscera and ovarian fluid samples

were collected from large numbers of fish during spawning, and as

before, no virus was detected. Viscera samples from a total of 180

fish and ovarian fluid samples from a total of 575 fish from East Lake
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Table 1. Summary of the species of fish examined for viruses
during this investigation.

Common Name Generic Name

Atlantic Salmon

Brown Trout

Chinook Salmon

Coho Salmon

Cutthroat Trout

Eastern Brook Trout

Kokanee Salmon

Rainbow Trout

Steelhead Trout

Salmo salar

Salmo trutta

Oncorhynchus tshawytscha

Oncorhynchus kisutch

Salmo clarki

Salvelinus fontinalis

Oncorhynchus nerka

Salmo gairdneri

Salmo gairdneri



Table 2. Summary of results obtained during the 1973 to 1976 virus testing of fish from Oregon lakes and rivers.

Location Species Maturity No. fish
No. sample

pools
Sample
type Date

Virus
isolated

Cache L. Eastern brook and adults 3 1 V
a 7/25/74 IPN

cutthroat trout adult 1 1 V 7/25/74 None

Charlton L. Eastern brook trout adults 45 9 V 8/2/74 None

Crane Prairie Res. Rainbow trout adults 45 9 V 6/20/74 None

Kokanee salmon adults 5 1 V 6/20/74 None

Coho salmon (landlocked) adults 3 1 V 6/20/74 None

Eastern brook trout adults 8 2 V 6/20/74 None

Eastern brook trout adults 60 12 V 6/19/75 None

Diamond L Rainbow trout adults 60 12 V
b

5/9/74 None

Rainbow trout adults 30 5 OF 5/ 9/ 74 None

Rainbow trout adults 50 10 OF 5/16/75 None

Duck L. Eastern brook trout adults 27 6 V 9/12/75 None

Rainbow trout adults 22 4 V 9/1205 None

East L. Eastern brook trout adults 60 12 V 10/5/73 None

Eastern brook trout adults 60 12 V 10/26/73 None

Eastern brook trout adults 210 42 OF 10/26/73 None

Eastern brook trout adults 60 12 V 10/29/73 None

Eastern brook trout adults 209 40 OF 10/29/73 None

Eastern brook trout adults 156 30 OF 11/2/73 None

Brown trout adults 49 10 OF 11/2/73 None

Elk L. Eastern brook trout adults 60 12 V 6/21/74 IPN

Eastern brook trout adults 25 5 V 6/20/75 IPN

Kokanee salmon adults 25 5 V 6/20/75 None

Fourmile L. Eastern brook trout adults 60 12 V 10/10/73 None

Gold L. Eastern brook trout adults 34 7 V 8/22/74 None

Rainbow trout adults 10 2 V 8/23/74 None

Eastern brook trout adults 30 6 V 8/23/74 None
4=,
Co



Table 2. (Continued)
No. sample Sample Virus

Location Species Maturity No. fish pools type Date isolated

Hand L. Rainbow trout adults 2 1 V 7/25/74 None

Hosmer L, Atlantic salmon (landlocked) adults 16 5 V 6/21/74 None

Eastern brook trout adults 5 1 V 9/11/74 None

Eastern brook trout adults 2 1 V 10/3/74 None

Irish L. Eastern brook trout adults 8 2 V 8/2/ 74 None

Island L. Eastern brook trout adults 3 1 V 7/25/74 None

Link L. Rainbow trout adults 1 1 V 7/25/74 None

Little Cultus L. Eastern brook trout adults 60 12 V 6/ 19/74 None

Eastern brook trout adults 65 13 V 9/11/74 None

Eastern brook trout adults 50 10 V 6/18/75 None

Mann L. Cutthroat trout adults 45 9 V 9/17/74 None

Rainbow trout adults 15 3 V 9/ 17/74 None

Meadow L. Eastern brook trout adults 3 1 V 7/25/74 None

North Twin L. Kokanee salmon adults 10 2 V 10/3/74 None

Odell L. Kokanee salmon adults 20 4 OF 12/24/75 None

Sparks L Eastern brook trout adults 60 12 V 7/31/74 IPN

Suttle L Kokanee salmon adults 68 14 V 9/13/75 None

Taylor L. Eastern brook trout adults 15 3 V 8/2/74 None

Todd L. Eastern brook trout adults 34 7 V 7/31/74 None

Torso L. Rainbow trout adult 1 1 V 7/25/74 None

Eastern brook trout adults 3 1 V 7/25/74 None

Umatilla R. Steelhead trout adults 14 3 V 5/8/74 None



Table 2. (Continued)
No. sample Sample Virus

Location Species Maturity No. fish pools type Date isolated

Upper Metolius R. Kokanee salmon adults 30 6 V 10/9/75 IHN

Wickiup Res. Rainbow trout adults 4 1 V 6/19/74 None

Brown trout adults 13 3 V 6/19/74 None

Coho salmon (landlocked) adults 4 1 V 6/ 19/74 None

Kokanee salmon adults 30 6 V 6/18/75 None

Rainbow and brown trout adults 30 6 V 6/18/75 None

a

b

Viscera samples.

Ovarian fluid samples.



Table 3. Summary of results obtained during the 1973 to 1976 virus testing of fish from Oregon hatcheries.

Location Species Maturity No. fish
No. sample

pools
Sample

type Date
Virus

isolated

Alsea Cutthroat trout adults 60 12 OF a 1/29/74 None

Bandon Cutthroat trout adults 45 9 OF 1/22/75 None

Butte Falls Rainbow trout fry 100 4 fry 3/15/75 None

Cole River's Spring chinook salmon fry 150 9 fry 1/12/74 None

Steelhead trout fry 30 3 fry 6/26/74 None

Rainbow trout fry 60 6 fry 3/24/75 None

Elk River Fall chinook salmon adults 50 12 V
b 1/14/76 IHN

Fall chinook salmon adults 50 12 OF 1/14/76 WIN

Fall River Rainbow trout adults 34 7 V 6/14/74 None

Eastern brook trout fry 30 6 fry 6/ 14/74 None

Eastern brook trout fry 400 8 fry 1/27/75 None

Eastern brook trout fry 700 21 fry 2/..,/7r None

Eastern brook trout fry 400 12 fry 4/16/75 None

Eastern brook trout fry 120 12 fry 5/2/75 None

Eastern brook trout fry 200 6 fry 2/4/76 None

Fort Klamath Brown trout fry 50 3 fry 1/17/74 1PN

Rainbow trout adults 60 12 OF 2/12/74 None

Rainbow trout fry 30 2 fry 2/28/74 None

Brown trout adult 60 13 V 4/3/74 None

Rainbow trout fry 16 4 fry 8/7/74 None

Rainbow trout fry 100 3 fry 1/28/75 None

Rainbow trout fry 40 3 fry 3/15/75 None

Brown trout fry 60 12 fry 4/15/75 None

Ui



Table 3. (Continued)

Location Species Maturity No. fish
No. sample

pools
Sample

type Date
Virus

isolated

Dept. Fish and Wildlife Spring chinook salmon fry 60 6 fry 12/19/73 IPN

Research Lab, Corvallis Coho salmon adults 25 6 V 1/8/74 None

Cutthroat trout fingerlings 13 6 V 1/8/74 None

Coho salmon fry 50 3 fry 1/8/74 None

Spring chinook salmon fry 50 4 fry 1/8/74 None

Spring chinook salmon fry 75 5 fry 1/22/74 IPN

Fall chinook salmon fry 40 4 fry 1/22/74 None

Cutthroat trout fingerlings 16 4 V 1/22/74 None

Coho salmon fry 45 3 fry 1/22/74 None

Coho salmon adults 30 6 V 1/22/74 None

Spring chinook salmon fry 35 3 fry 2/15/74 IPN

Fall chinook salmon fry 35 3 fry 2/ 15/74 None

Leaburg Cutthroat trout adults 40 8 OF 1/15/74 None

Oak Springs Rainbow trout adults 60 12 V 4/9/74 None

Rainbow trout fry 15 3 fry 4/9/74 None

Rainbow trout fry 60 12 fry 4/16/75 None

Steelhead fry 25 5 fry 4/29/75 None

Steelhead fingerlings 60 12 V 5/21/75 None

Prescott Steelhead adults 60 12 V 4/25/75 None

Roaring River Rainbow trout adults 60 12 OF 12/13/73 IPN

Rainbow trout adults 90 18 OF 1/15/74 None

Rainbow trout fry 60 9 fry 2/7/74 None

Rainbow trout adults 45 9 OF 2/9/74 None

Rainbow trout adults 60 12 V 2/ 14/74 None

Steelhead trout adults 60 12 V 2/14/74 None

Rainbow trout adults 60 12 OF 12/2/74 None

Rainbow trout fry 700 8 fry 3/30/75 None

Rainbow trout adults 35 7 V 3/30/ 75 None

Rainbow trout adults 13 13 V 8/4/75 None ui
Rainbow trout adults 85 17 V 2/6/76 None 1\.)



Table 3. (Continued)

Location Species Maturity No, fish
No. sample

pools
Sample

type Date
Virus

isolated

Round Butte Kokanee salmon adults 22 4 V 10/18/73 None

Steelhead trout adults 27 5 V 10/18/73 None

Steelhead trout fingerlings 50 5 V 10/18/73 Nlne

Steelhead trout fry 50 7 fry 5/8/74 None

Steelhead trout adults 60 12 V 10/1/74 None

Spring chinook fry 20 4 fry 10/30/74 None

Steelhead trout adults 30 6 V 1/28/75 None

Steelhead trout fry 60 12 fry 4/21/75 IHN

Steelhead trout fry 60 12 fry 4/29/75 IHN

Steelhead trout fingerlings 60 12 V 5/9/75 None

Steelhead trout fry 135 9 fry 5/9/75 IHN

Spring chinook salmon fingerlings 45 3 V 5/9/75 None

Steelhead salmon adults 60 12 V 5/9/75 None

Spring chinook salmon adults 90 18 V 5/15/75 None

Steelhead trout fry 120 4 fry 6/6/75 None

Spring chinook salmon adults 10 3 V 9/2/75 None

Spring chinook salmon adults 6 1 OF 9/2/75 None

Spring chinook salmon adults 12 3 V 9/12/75 None

Spring chinook salmon adults 16 3 V 9/17/75 None

Spring chinook salmon adults 16 4 OF 9/1 7/75 None

Spring chinook salmon fry 20 4 fry 12/3/75 None

Steelhead trout adult 60 12 V 1/27/76 IHN

Steelhead trout adult 60 12 OF 1/27/76 IHN

Siletz Steelhead trout adult 30 6 V 3/27/74 None

Steelhead trout adult 28 5 V 4/4/ 75 None

Coho salmon adults 45 9 V 11/17/75 None

South Santiam Steelhead trout adults 41 8 OF 1/24/75 None

Willamette Rainbow trout adults 60 12 OF 1/29/74 None

Rainbow trout adults 11 2 V 5/30/75 None

Rainbow trout adults 26 5 OF 12/22/75 None



Table 3. (Continued)

Location Species Maturity No. fish
No. sample

pools
Sample

type Date
Virus

isolated

Wizard Falls Eastern brook trout fry 200 12 fry 1/17/74 IPN

Eastern brook trout fry 45 3 fry 2/ 12/74 IPN

Rainbow trout fry 150 14 fry 3/21/74 None

Steelhead trout fry 100 3 fry 6/18/74 None

Atlantic salmon adults 30 6 V 6/18/74 None

Kokanee salmon fry 40 3 fry 3/9/75 IHN

Rainbow trout fry 36 3 fry 3/ 9/ 75 IPN/ IHN

Rainbow trout fry 80 6 fry 3/15/75 IPN /IHN

Kokanee salmon fry 100 6 fry 3/15/75 WIN

Kokanee salmon fry 75 6 fry 3/24/75 IHN

Rainbow trout fry 60 6 fry 3/24/75 IPN/ IHN

Atlantic salmon adults 30 6 V 4/4/75 None

Steelhead trout adults 30 6 V 4/4/75 None

Rainbow trout adults 100 12 V 4/4/75 None

Atlantic salmon fry 60 6 fry 4/7/75 None

Rainbow trout fry 40 4 fry 4/7/75 IPN/ IHN

Rainbow trout fry 100 10 fry 4/7/75 IHN

Eastern brook trout adults 30 6 V 4/16/75 None

Rainbow trout fry 60 6 fry 6/ 3/ 75 None

Atlantic salmon fingerlings 30 6 V 6/16/75 None

Rainbow trout adults 60 12 V 10/9/75 None

Kokanee salmon fry 30 6 fry 1/22/76 None

Eastern brook trout fry 15 3 fry 1/22/76 None

Brown trout fry 15 3 fry 1/22/76 None

Atlantic salmon fry 15 3 fry 1/22/76 None

Wright Creek Coho salmon adults 18 4 V 10/30/75 None

( OreA qua ) Coho salmon adults 18 4 OF 10 30:'75 None

Coho salmon adults 20 4 V 11/7/75 None

Coho salmon adults 20 4 OF 11/7/ 75 None

a Ovarian fluid samples Viscera samples. 4=,
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were processed with no viral agents being isolated.

Diagnosis of the Wizard Falls Trout Hatcher 1974 IPN Virus

Epizootic. Eggs taken from East Lake fish in the Fall of 1973 were

transported to Wizard Falls Hatchery for hatching. In January, 1974

the progeny from these eggs began to die in large numbers with symp-

toms indicating a virus infection. Infectious pancreatic necrosis virus

was isolated from each sample of moribund fish taken to the lab-

oratory. A neutralization test using rabbit antiserum against CTT-

IPN confirmed the identity of the virus. The fish in the affected ponds

were killed to prevent the spread of the disease. However, a month

later the remaining ponds of Eastern brook trout fry were also diag-

nosed as having IPN virus infection and these fish were also elim-

inated. A total of 692,700 brook trout fry were either killed by the

disease or destroyed as a result of this epizootic. The ponds which

had contained infected fish were sanitized and allowed to dry, and the

hatchery building was partially sanitized.

A group of brook trout fry which had been removed from Wizard

Falls hatchery as eggs and placed in the laboratory for experimental

use were tested, but no virus was isolated. No loss was seen in this

group of fish. It is possible that the level of the virus in the original

group of East Lake eggs was very small, and the removal of this sub-

group of eggs prevented their infection.
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Isolation of IPN Virus from Brown Trout Fry at Fort Kiamath

heryj9. At the same time that the Wizard Falls IPN epizootic

was diagnosed, a test lot of brown trout (Salmo trutta) fryfrom Fort

Kiarnath Hatchery in. southern Oregon was collected and taken to the

the laboratory for examination. Infectious pancreatic necrosis virus

was isolated from these fish, and this strain was also neutralized by

antiserum against CTT-JPN. This was the first isolation of a fish

virus at this hatchery. The source of these eggs was East Lake.

The brown trout fry were not dying from the virus infection, but were

destroyed as a precautionary measure. A total of 70, 200 brown trout

fry were destroyed. The isolation of IPN virus from these fish and

the brook trout fry at Wizard Falls Hatchery cast doubt on the suitabil-

ity of East Lake as an egg source, despite the large number of nega-

tive samples from East Lake fish,

Tebbit (1976) had isolated IPN virus from Eastern brook trout

from Fish Lake in the southern Cascade Mountains of Oregon. A

60-fish lot of brook trout from Fourmile Lake, located in the same

area as Fish Lake, was obtaioed acd processed for virus isolation

with negative results. This indicated at least that IPN virus was not

ubiquitous in southern Oregon.

Isolation of IPN Virus fr

ODFWResearchLaboratorv. In December, 1 973, spring chinook

salmon (Oncorhi hstshaa) fry from the Oregon Department
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of Fish and Wildlife (ODFW) Research Laboratory, Corvallis, Oregon,

were processed for virus isolation as a routine examination. The fish

were not undergoing any unusual loss. Infectious pancreatic necrosis

virus was isolated from the samples. A neutralization test with anti-

serum against CTT-IPN confirmed the identity of the isolate. Because

the fish were intended for laboratory experiments and not for release,

they were not destroyed. These salmon had been introduced to the

research laboratory as eyed-eggs from Cole River's Hatchery on the

Rogue River. To determine if the virus had come from Cole River's

Hatchery approximately 150 spring chinook salmon fry of the same

lot as those at the research lab were taken to the laboratory from

the hatchery and processed for virus isolation. No viruses were

isolated.

Other stocks of fish being held at the research laboratory were

tested, but only the stock of spring chinook salmon originating from

Cole River's Hatchery was positive for IPN virus. No virus was

isolated from one group of samples from the infected fish although

both the previous group and the following group from this stock were

positive. This is perhaps a result of the virus being in the carrier

state and producing fewer infectious virions than when in the acute

state. The source of the virus at the research laboratory was not

determined.
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Isolation of IPN Virus from Roaring River Hatchery Broodstock.

In December, 1 973, a virus examination of the rainbow trout (Salmo

Llirdneri) broodstock at Roaring River Hatchery demonstrated the

presence of IPN virus. A neutralization test using antiserum against

CTT-IPN virus confirmed the identity of this isolate. The virus was

detected in only one ovarian sample (5 fish pooled) out of 1 2 obtained

from 60 fish. The following month 18 ovarian fluid samples were

obtained from a total of 90 fish. All samples were negative for fish

viruses. Further ovarian fluid samples and viscera samples from

60 of the broodstock were obtained, but no viruses were isolated.

After the eggs from the original group of fish from which the isolate

had been made had hatched, the fry were taken to the laboratory

and processed for virus isolation. No viral agents were isolated.

Ovarian fluids from 195 fish, viscera from 60 fish, and 60 fry from

Roaring River Hatchery had been sampled for fish viruses, but only

one sample of the original group of ovarian fluid samples was positive.

Virus Survey of Other Broodstocks. Following the isolation of

IPN virus from the Roaring River Hatchery rainbow trout broodstock,

an effort was made to perform virus ex minations on broodstocks at

other hatcheries. No viruses were isolated from the following brood-

stocks: Leaburg Hatchery Cutthroat trout (Salmo clarki), Willamette

Hatchery rainbow trout, Alsea Hatchery cutthroat trout, Fork Klamath

Hatchery rainbow trout, and Oak Springs Hatchery rainbow trout.
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The locations of these hatcheries are shown in Figures 1 and 2.

In addition, no viruses were isolated from adult steelhead trout

(Sz-lmo ag1Ecineri) being spawned at Round Butte Hatchery, Roaring

River Hatchery, Siletz Hatchery and the Umatilla River. No viruses

were isolated from rainbow trout being spawned at Diamond Lake.

Figures 1 and 2 show the geographic locations of these test sites.

Reactivation of Fall River Hatcher, Until 1 973 the Fall River

Hatchery was the primary station in Oregon for raising Eastern brook

trout. The first epizootic in Oregon caused by IPN virus occurred

at this hatchery in June, 1973 (Tebbit, 1 976). As a result of the

epizootic, 1,881,000 fish were killed or destroyed, the hatchery was

drained, sanitized and allowed to dry out for nine months, and Fall

River, the source of water for the hatchery, was treated with rotenone

to remove carrier fish, To test the effectiveness of these procedures

in eliminating the virus, small numbers of adult rainbow and Eastern

brook trout fry were placed in the hatchery in the early spring of

1974. In June, 1974 samples from these fish were processed for

virus isolation. No virus was isolated, indicating that IPN virus had

been successfully eliminated from this hatchery.

The following year, 1975, production levels of Eastern brook

trout eggs were again incubated, hatched and reared at Fall River

Hatchery. Test Lots of these fry were processed for virus isolation

in January, 1975, and no viruses were isolated. These same fish
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were again examined in February, April, and May, 1975 prior to

the first scheduled liberations, and again, no viruses were isolated.

In February, 1 976 the second yearly crop of Eastcrn brook

trout fry hatched at this statim since its rehabilitation was tested

with negative results.

Virus Sam tes Processed Durin Summer, 1 974

During the summer of 1974, the first major effort was made at

determining the distribution of the fish viruses in the lakes of the

central Oregon Cascade Mountains. A primary goal of the lake survey

was to determine sources of virus-free Eastern brook trout to replace

East Lake as an egg source. Table 2 lists the locations surveyed

and Figures 1 and 2 show the geographic location of the sites.

Because of its large population of Eastern brook trout Little

Cultus Lake was a likely candidate for an egg source. A 60-fish test

lot was obtained and proved to be negative for fish viruses. A second

lot of 65 brook trout was taken in October, 1 975 and also was negative.

On the basis of these two examinations Little Cultus Lake was selected

as the primary Oregon source of Eastern brook trout eggs.

Hosmer Lake was chosen as a future source of Atlantic salmon

(Salmo salar) eggs. Because of the value of these animals to the

fishery resource of this lake only a small number (16) were taken

for sampling. No viruses were isolated from these samples. Later
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in the summer and fall a small lot (7 fish) of Eastern brook trout was

obtained from the lake. This lot was also negative. Because of the

insufficient test lot size and the adequacy of a hatchery Jrood stock

of Atlantic salmon for present needs, no Atlantic salmon eggs were

taken from Hosmer Lake.

No viral agents were isolated from several species of salmonids

obtained from Crane Prairie and Wickiup Reservoirs. Infectious

pancreatic necrosis virus was isolated from Eastern brook trout

collected from Elk Lake, which was previously known to contain

carriers of IPN virus (Tebbit, 1976). The identity of this isolate

was affirmed by a neutralization test using antiserum against CTT-

IPN virus.

Fish were next collected from a series of small ponds located

south of Suttle Lake. The ponds were so small that at most only a

few fish were obtained from each. Fish from Hand, Link, Island,

Meadow, and Torso Lakes proved to be negative fcA- fish viruses.

However, IPN virus was isolated from two Eastern brook trout taken

from Cache Lake. A neutralization test using antiserum against CTT-

IPN confirmed the identity of this vi us. A single cutthroat trout

taken from this lake was negative. This three fish tes t lot was the

smallest sample set during this study from which a fish virus was

isolated.

Eastern brook trout from Irish, Taylor, and Charlton Lakes
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which lie near the crest of the central Cascade Mountains were

sampled. No viruses were isolated from any of these lakes.

Sparks Lake, Todd Lake, and Gold Lake were investigated as

possible sources of Eastern brook trout eggs. IPN virus was isolated

in August, 1974 from brook trout taken from Sparks Lake. An indirect

fluorescent-antibody test demonstrated that this was IPN virus, and

this was confirmed by a neutralization test using antiserum against

CTT-IPN virus. The samples of fish from Todd Lake and Gold Lake

were negative, however the populations of brook trout in these two

lakes was judged to be insufficient in number to provide a sufficient

supply of eggs.

Mann Lake, located in southeastern Oregon, in the Steens

Mountains, was surveyed in an effort to determine the status of fish

located in eastern Oregon. A total of 45 Eastern brook trout and 15

rainbow trout were collected from Mann Lake, a.rd no viruses were

isolated, The geographic location of Mann Lake is shown in Figure 1.

During the summer of 1974, stocks from three additional

hatcheries were surveyed. Viscera samples from the Atlantic salmon

broodstock located at Wizard Falls Hatchery were processed with

negative results. From this hatchery also, the progeny fry of steel-

head collected from the Umatilla River were tested and also found to

be free of fish viruses. Steelhead fry obtained from the Cole River's

Hatchery were tested, however no virus was recovered. A small test
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lot of moribund rainbow trout fry dying from unknown causes at Fort

Klamath Hatchery were processed, however no viruses were isolated.

Virus Samples Processed from October, 1 974 to June, 1 975

Testin of Hatcher and Feral Broodstocks. Adult kokanee

salmon (Oncorhynchus nerka) from North Twin Lake were assessed

as a source of eggs. Only ten fish were obtained from the lake in

October, 1974. Since these fish were in a prespawning conditioning,

only viscera samples were taken. Ovarian fluid was not yet available

for collection. From the viscera samples obtained, no viruses were

isolated.

Ovarian fluid samples were obtained from 50 Diamond Lake

rainbow trout during the May, 1975 spawning at this location. No

viruses were isolated, and the hatched fry showed no unusual losses.

During this testing period the emphasis on hatchery sampling

was directed towards surveying hatcheries which had not yet been

examined. No viruses were isolated from steelhead being spawned

at the following hatcheries: South Santiarn, Round Butte, Siletz, and

Prescott. No viruses were isolated from steelhead fingerlings at

Oak Springs Hatchery. The cutthroat trout broodstock at Bandon

Hatchery, and the rainbow trout broodstock at Willamette Hatchery

were tested with no viruses isolated.
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Diagnosis of a Double Virus Infection in Rainbow Trout Fry

from Wizard Falls Hatchery.. In March, 1975 rainbow trout and

kokanee salmon fry dying in large numbers at Wizard F-11s Hatchery

were examined for fish viruses. The rainbow trout were hatched

from eggs taken from the Roaring River Hatchery broodstocks,

and the kokanee salmon were spawned from feral fish in either

North Twin or Suttle Lake. A virus etiology for the epizootic was

suspected because of the symptoms, which include darkening of the

dorsal skin, trailing fecal casts, exopthalmia, and abdominal swelling

with ascites (Fish Health Section, AFS, 1975; Wood, 1974; Amend,

1974).

Pooled groups of moribund fish were homogenized and inocu-

lated onto microplate cultures of CHSE-214 cells. The final concen-

tration of the sample was 1:100.

Cytopathic effect typical of IPN virus was seen at 24 hours post-

infection. A microplate neutralization test was done using a 12100

dilution of rabbit antiserum against CTT-IPN, and CTT-IPN virus

as a positive control. Infectious pancreatic necrosis virus-type

CPE again appeared in the untreated controls. The antiserum neu-

tralized the infectivity of the control IPN virus and the unknown

virus, indicating that the isolate was IPN virus. However, four days

after the test was completed CPE typical of IHN virus appeared in

the cells inoculated with the IPN antiserum-treated unknown virus
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material. A second microplate neutralization test using a 1:100

dilution of rabbit antiserum against Nan-S-IHN virus and Nan-S-IHN

virus as a positive control was done on IPN antiserum - treated mater-

ial taken from the first neutralization test. IHN-type CPE appeared

in untreated controls but the antiserum neutralized the infectivity

of both the positive control and the unknown virus indicating that IHN

virus was present.

In order to reconfirm the presence of both viruses in a single

sample, a double neutralization test using a polyvalent antiserum was

done on an aliquot of homogenate from the original five fish pooled

sample. Equivalents of 1:50 dilutions of CTT-IPN rabbit antiserum

and Nan-S-IHN rabbit antiserum were mixed together to form the

polyvalent antiserum. The final concentration of each antiserum

in the mixture was the same (1:100) as that used in the single anti-

serum neutralization tests. The polyvalent antiserum neutralized

all infectivity in the sample.

Because the original sample was a pool of five fish, it was

necessary to determine if the two viruses were infecting separate

fish, or if both viruses were simultaneously infecting a single indi-

vidual. To determine this, ten single moribund fish were homogenized

at a 1:10 dilution and further ten-fold dilutions made from this mater-

ial. From each dilution from 10-2 to 10-9, 0. 2 ml was added to each

of three plaque bottles containing monolayers of CHSE-214 cells.
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After the agar overlay was added the bottles were incubated for five

days before the plaques were counted. At this time, plaques typical

of both IPN virus and IHN virus were visible, conclusiv_ly demon-

strating the presence of both viruses in single fish. However, the

plaques caused by IHN virus were obscured by the much larger,

faster developing IPN virus plaques, preventing the titering of the

level of the two viruses in the fish by this method.

Further proof was sought of the simultaneous occurrence of

both IPN virus and IHN virus in single fish and a method of determin-

ing the level of each virus in the fish. This was done by treating one

aliquot of the homogenate of a single fish with rabbit antiserum

against CTT-IPN virus and one aliquot with rabbit antiserum against

Nan-S-IHN virus. The homogenate of a single fish was first diluted

ten-fold in duplicate. One set of dilutions was treated with a 1 : 1 0 0

dilution of antiserum against Nan-S-IHN virus and one set with a

1:100 dilution of rabbit antiserum against CTT-IPN virus. Each

mixture was then plaque-titered. This treatment allowed the forma-

tion in each set of plaques caused by the virus heterologous to the

antiserum used. Thus, IPN virus plaques appeared from the material

treated with IHN virus antiserum, and IHN plaques from the material

treated with IPN virus antiserum. This method also allowed the level

of each virus in single fish to be titered. Four rainbow trout fry were

treated individually in this manner. The average weight of the fish
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was 1. 56 grams. Both IPN and IHN viruses were present in all four

fish. Table 4 shows the level of each virus in the fish treated in

this manner. The average titer of IPN virus was 1. 2 x 104 pfu per

gram of fish, and that of IHN virus was 2. 8 x 105 pfu per gram of

fish. These titers are lower than those found in fish infected by a

single virus (Wolf, 1966, 1 970). This may indicate that IPN and IHN

viruses compete in some way when they are together in the same fish.

Wolf (1969) found that when IPN and Egtved virus were grown together

in RTG-2 cells, the titer of each virus was equivalent to the titer

normally obtained when the viruses were grown separately.

Because of the higher titer of the IHN virus, and because the

histopathology of these fish was typical of an IHN virus infection

(Stroud, 1975) it appears that the death of the fish was caused by

IHN virus. The IPN virus played a lesser role, perhaps being pres-

ent only in the carrier state.

From the kokanee salmon fry dying in the same epizootic, only

IHN virus was isolated. This was presumed to be the source of the

IFIN virus affecting the rainbow trout fry. The kokanee salmon eggs

had been taken from two sources, North Twin and Suttle Lakes.

Suttle Lake had been a traditional source of kokanee eggs for the

state hatcheries, and no unusual losses had occurred in the past.

Although a small number of kokanee salmon from North Twin Lake

had been tested with negative results only viscera samples were taken,
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Table 4. Titers of IPN virus and IHN virus present in doubly -infected rainbow trout fry from

Wizard Falls Hatchery epizootic, 1975.

Fish no. Weight (g) IHN virus titer (pfu/g) IPN virus titer (pfu/g)

1 1.420 3.2x10
5 1.4x10

4

2 2.030 1.9x10
4 8.3x10

3

3 1.803 5.4x105 1.6x10
4

4 0.984 2.4x10
5

1.0x10
4

5 4
Average 1.56 2.8x10 1. 2x10
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ovarian fluids being unavailable. Since the only reliable procedure

for detecting asymptomatic IHN virus carriers is to test the ovarian

fluid for the presence of the virus (Fish Health Section, AFS, 1975)

it is very possible that the virus was missed when the adult fish were

sampled.

The rainbow trout fry dying in this epizootic were progeny of

the Roaring River rainbow trout broodstock. Because of the previous

isolation of IPN virus from the Roaring River broodstock, it was first

suspected that the source of the IPN virus in this epizootic was the

parent stock. An examination of groups of rainbow trout fry hatched

from eggs from Roaring River and being held at other hatcheries was

done to determine if IPN virus had been present in the entire stock

of eggs from this source. Fry from Fort Klamath, Butte Falls,

Roaring River, Cole River's, and Oak. Springs hatcheries were

processed for virus isolation. No viruses were isolated. Since it

seemed unlikely that only one lot of eggs from the common stock

would be infected the Roaring River broodstock seemed to be a less

probable source of the virus. The next most likely source of infection

was then assumed to be v-irus at Wizard Falls Hatchery which had

survived the sanitation procedures after the 1974 epizootic at this

hatchery.

To determine the extent of the infection at the hatchery, each

lot of fish was tested for fish viruses. The infection was found to be
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limited to the kokanee and rainbow trout fry. All other fish of finger-

ling size or larger were negative for the viruses. The only fry to

escape infection was a tank of 1 50, 000 Atlantic salmon located within

the hatchery building, although Atlantic salmon are known to be sus-

ceptible to IPN infection (MacKelvie and Artsob, 1969; Wolf, 1966).

In order to prevent the infection and control the spread of the

viruses, all infected stocks were destroyed. Because of their heavy

exposure the Atlantic salmon fry were also destroyed as a precaution-

ary measure. A total of 600, 000 kokanee salmon fry, 3, 700, 000

rainbow trout fry and 150,000 Atlantic salmon fry were killed or

destroyed during this epizootic. The affected ponds and tanks were

sanitized and dried and the hatchery building was sanitized.

A small number of kokanee eggs had been removed from Wizard

Falls Hatchery to the laboratory to be hatched and reared for experi-

mental purposes. The progeny of these eggs had never shown any

abnormal losses, When the Wizard Falls Hatchery epizootic began,

these fry were examined for viruses, but none were isolated. It is

possible that the virus was not present in the sublot of eggs to begin

with, or that the virus was present but had been washed off the egg

(Amend, 1975) prior to hatching.

Diagnosis of IHN Virus Infection in Steelhead Fry at Round Butte

' Hatchery. In April, 1975 steelhead fry at Round Butte Hatchery began

dying in large numbers. No bacterial or protozoal cause for the loss
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could be determined, and a test lot of moribund fry was returned to

the laboratory for virus examination. Infectious hematopoietic

necrosis virus was isolated from these fish and an indirect fluores-

cent antibody test done to confirm and further identify the agent. A

second sample was obtained a week after the first and IHN virus was

again isolated. A serum neutralization test was performed for final

confirmation of the identity of the virus. The disease was confined

to three large tanks which were somewhat isolated from the rest of

the raceways containing fish. No viruses were isolated from steel-

head fry located within the hatchery building, or from spring chinook

fry in the raceways. No virus was found in steelhead smolts which

were scheduled for release. The affected steelhead fry were de-

stroyed. The total loss of fish killed or destroyed by IHN virus was

269, 000. The affected tanks were sanitized and dried.

Virus Samples Processed from June1325_
through February, 1976

Samples Collected from Fish in Lakes and Rivers. Eastern

brook trout from Little Cultus Lake were retested prior to using fish

from this lake as a source of eggs for the second year. No viruses

were isolated. Fish from Wickiup Reservoir, Crane Prairie Reser-

voir and North Twin Lake were retested with negative results. Infec-

tious pancreatic necrosis virus was isolated from Elk Lake Eastern
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brook trout for the second time in this survey. The geographic loca-

tions of these lakes are indicated in Figure 2.

Eastern brook trout and rainbow trout from Duck Lake (Figure 1)

in the Wallowa Mountains were examined but no viruses were isolated.

These were the first virus samples obtained from northeastern

Oregon.

Suttle Lake kokanee salmon were tested once previous to this

study (McMichael, 1974). A 60-fish test lot of kokanee was obtained

and visceral samples processed for virus isolation. No ovarian

fluid samples were obtained, and no viruses were isolated.

Because of the 1975 IHN epizootic at the Wizard Falls Hatchery

it was necessary to determine the possible role of the feral fish

population of the Metolius River which flows past the hatchery.

Although most of the hatchery itself is on a spring water source,

the contiguity of the river to the hatchery gave cause for concern.

Of particular interest was the fall migration of kokanee salmon from

Lake Billy Chinook on the Deschutes River to spawning grounds on

the Metolius River above the hatchery. Thirty mature, adulk kokanee

salmon were collected from the spawning grounds and viscera samples

tested. Because of the advanced spawning condition of the fish the

tissues taken for processing were highly contaminated with ovarian

fluids. Infectious hematopoietic necrosis virus was isolated from the

samples. The role that this population of virus-carrying fish played



73

in the 1 97 5 epizootic was not clear. However, partly as a result of

this isolation, a series of ponds at the hatchery which were using

river water were removed from use.

The kokanee salmon population in Odell Lake (Figure 2) had been

declining in number for several years. It was of interest to know if

a fish virus was contributing to the problem. Ovarian fluid was ob-

tained from 20 spawning kokanee salmon, but no viruses were iso-

lated. A larger number of samples should be obtained from this lake

before fish viruses are eliminated from consideration as a contribut-

ing factor in the decline of this population.

Samples Collected from Fish in Hatcheries. Fish at Wizard

Falls Hatchery were examined several times for virus as new stocks

were introduced into the parts of the hatchery that had been sanitized.

In June, 1975 rainbow trout fry and Atlantic salmon fingerlings were

tested, but no viruses found. In January, 1976 kokanee and brown

trout fry from eggs taken at Suttle Lake, Eastern brook trout fry from

eggs taken at Little Cultus Lake, and Atlantic salmon fry from the

hatchery's own brood stock were tested. No viruses were isolated

and no epizootics caused by fish viruses occurred at Wizard Falls

Hatchery in 1976. This was attributed to successful sanitation of

the hatchery after the 1975 epizootic, and use of eggs from spawning

adults in which no fish viruses had been found after testing a statis-

tically valid number.

Because of the involvement of the Roaring River rainbow trout
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broodstock in the 1 975 Wizard Falls Hatchery epizootic a further

effort was made to determine the virus status of this stock. In

August, 1975 viscera samples were obtained from 13 rainbow trout

broodstock, but no viruses were isolated. In February, 1976 viscera

samples were taken from 85 fish, but again no viruses were isolated.

Spawning coho salmon were tested from Siletz Hatchery and the

Wright Creek Hatchery of Oregon Aqua Foods, Inc. , a commercial

aquaculture firm. The coho salmon tested from the latter hatchery

represented the first returning fish of the company's sea ranching

effort. None were found to be infected with fish viruses.

The rainbow trout broodstock at Willamette Hatchery was

tested by taking ovarian fluids from 26 females and found to be virus

free. No fish health problems attributable to fish viruses were

encountered at this hatchery during the course of nvestigat',on.

Chinook salmon adults being spawned in August, 1975 at Round

Butte Hatchery were sampled to determine if they were the source

of the IHN virus infection at this hatchery. Viscera samples were

taken from 60 fish and ovarian fluid from 48. The fry which hatched

from the eggs taken from these fish were examined in December,

1975, but no viruses were isolated from any of the samples,

In January, 1976 steelhead trout being spawned at Round Butte

Hatchery were tested to determine their role in the infection of the

fish in this hatchery. Ovarian fluid and viscera samples from 60
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fish were processed. Infectious hematopoietic necrosis virus was

isolated from several of the ovarian fluid samples. A neutralization

test using rabbit antiserum against Nan-S-IHN virus confirmed the

identity of the isolate. It is likely that this is the source of the IHN

virus infection of fish at this hatchery. The steelhead fry which

hatched from the eggs obtained from these adults underwent a severe

epizootic caused by IHN virus soon after hatching and were conse-

quently destroyed (Winton, 1976).

On January 14, 1976 50 fall chinook salmon being spawned at

Elk River Hatchery were examined by taking both ovarian fluid and

viscera samples. Infectious hematopoietic necrosis virus was iso-

lated from all of the ovarian fluids and several of the viscera samples.

A neutralization test using rabbit antiserum against Nan-S-IHN virus

confirmed the identity of this virus. This was the first isolation of

any fish virus in the coastal waterways of Oregon. Several weeks

after the fry hatched out of the eggs taken from these fish, they

underwent an epizootic caused by IHN virus (Winton, 1976).

Lack of Fish Viruses and S ecific Antiviral Circulatin: Anti-

bodies in Fish Taken from the Wizard Falls Hatcher Settlin Pond.

All of the water used at Wizard Falls Hatchery flows into a large

settling pond which is designed to reduce the level of organic pollu-

tion in the effluent before it enters the Metolius River. Within this

pond reside numerous rainbow trout which have escaped from the
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hatchery raceways. These fish were exposed to IPN and IHN viruses

present in the effluent water during both the 1974 and the 1975 epizo-

otics. These fish were examined to determine if they had become

carriers of the fish viruses. Viscera samples were taken from 60

adult rainbow trout from the pond in October, 1975 six months after

the 1975 epizootic at this hatchery, but no viruses were isolated from

these samples. Since these fish were not in spawning condition no

ovarian fluid samples could be obtained to provide the best indication

of infection with IHN virus.

To determine if the fish did not become carriers because they

were immune to the viruses, blood samples were collected from 30

fish and the serum obtained. The serum was tested against the 1975

isolates of IPN and IHN viruses (Table 5). Surprisingly, no neutraliz-

ing activity was found against IHN virus in any serum. An extremely

low (1:10) level of activity against IPN virus was observed in about

30% of the sera tested. Another 27% of the sera had an even lower

activity (1:5) against IPN virus, and 43% of the sera had no activity

at all against IPN virus. The low levels of activity against IPN virus

are not considered to be significant in light of the findings of

McMichael (1974) of anti-IPN virus titers of 1:200 in serum from fall

chinook salmon at Bonneville Hatchery in 1972. His work indicated

that salmonids are capable of a significant humoral immune response

when infected with IPN virus.
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Table 5. The number of rainbow trout from the settling pond at Wizard Falls Hatchery with WF -75

IPN and WF-75 IHN neutralizing antibodies and the relative titers of each.

Serum
dilution

Number of antibodies/
total samples

Percent with antibodies

IPN IHN IPN IHN

1:5 8/30 0/30 27% 0%

1:10 9/30 0/30 30% 0%

1:20 0/30 0/30 0%

1:40 0/30 0/30 0% 0%

1:80 0/30 0/30 0% 0%

1:160 0/30 0/30 0%
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Summary of the Distribution of Fish Viruses in Oregon

The distribution of fish viruses in the state of Oregon was

determined by McMichael (1974), Tebbit (1976) and this study.

Table 6 lists the lakes and rivers where fish viruses were found in

these studies. The IHN virus has been found in one lake and one river,

and IPN virus was found in five lakes and two rivers. Table 7 lists

the hatcheries where fish viruses were isolated. Infectious hemato-

poietic necrosis virus was isolated from fish at four hatcheries and

IPN virus at eight hatcheries. Round Butte and Wizard Falls Hatch-

eries are the only locations at which both viruses were found. Epizo-

otics caused by one or both of these viruses occurred at four hatch-

eries: Willamette River (1958), Round Butte (1975), Fall River (1973),

and Wizard Falls (1974, 1975). Figure 3 shows the locations of all

recorded isolations of IPN and IHN viruses in Oregon.

Serological Relationships of Oregon IPN Isolates

A comparison of 13 IPN isolates from Oregon lakes, rivers and

hatcheries and one reference isolate was done in an effort to relate

the isolates in epizootiological terms. The isolates compared in this

study and the designations by which they were referred to are listed

in Table 8, and the geographic locations of the test sites from which

the isolations were made are shown in Figures 1 and 2. Antiserum
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Table 6. Summary of Oregon lakes and rivers where IHN or IPN viruses have been detected.

Location Species First date of
isolation

Virus Reference
or source

Nan-Scott Lake Rainbow trout adults 8/ 20/ 71 IHN a

Marion Creek Cutthroat trout adults 9/24/ 71 IPN a

Fall River Eastern brook trout adults 6/15/73 IPN b

Fish Lake Eastern brook trout adults 9/5/73 IPN b

Big Lava Lake Eastern brook trout adults 9/12/ 73 IPN b

Elk Lake Eastern brook trout adults 9/ 12/ 73 IPN b, c

Cache Lake Eastern brook and cutthroat
trout adults 7/ 25/74 IPN c

Sparks Lake Eastern brook trout adults 7/31/74 IPN c

Upper Metolius River Kokanee salmon adults 10/9/75 IEN c

a

b

McMichael, 1974.

Tebbit, 1976.

cIsolated during this study.



Table 7. Summary of Oregon fish hatcheries where IHN or IPN viruses have been detected.

Hatchery Species and Maturity Date of first Virus Confirmed Reference

isolation virus-associated
loss

or
source

Willamette River Hatchery Sockeye salmcn fry 11/5/58 IHN Yes a

Bonneville Hatchery Coho salmon adults 10/26/71 IPN No b

Coho salmon fry 10/15/72 IPN No b

Cascade Locks Hatchery Coho salmon adults 10/27/72 IPN No c

Round Butte Hatchery Spring Chinook salmon fry 9/16/73 IPN No c

Steelhead trout fry 4/21/75 IHN Yes d

Steelhead adults 1/27/76 IHN No d

Fall River Hatchery Eastern brook trout fry 6/6/73 IPN Yes c

Rainbow trout fry 6/12/73 IPN Yes c

Roaring River Hatchery Rainbow trout adults 12/13/73 IPN No d

Oregon Department of Fish and
Wildlife Research Lab, Corvallis Spring Chinook salmon fry 12/19/73 TIN No

Ft. Klamath Hatchery Brown trout fry 1/17/74 IPN No

Wizard Falls Hatchery Eastern brook trout fry 1/17/74 IPN Yes d

Kokanee salmon fry 3/19/75 IHN Yes d

Rainbow trout fry 3/9/75 IPN/ IHN Yes d

Elk River Hatchery Fall Chinook salmon adults 1/14/76 IHN No

aWingfield et al. , 1969.

bMcMichael, 1974.

cTebbit, 1976.

d Isolated during this study.
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Table 8. History of the 1PN virus isolates used for antigenic analysis.

Location Designation Species of origin
Common name maturity

Date isolated Reference
or soc....ce

Marion Creek CTT Cutthroat trout adults 9/24/71 a

Bonneville Hatchery Coho Coho salmon adults 10/26/71 a

Fall River Hatchery FRH Eastern brook trout fry 6/ 15/ 73 b

Round Butte Hatchery RBH Spring Chinook salmon fry 9/ 16/ 73 b

Fish Lake Fish L. Eastern brook trout adults 9/5/73 b

Big Lava Lake Lava L. Eastern brook trout adults 9/ 12/ 73 b

Elk Lake Elk L. Eastern brook trout adults 9/12/73 b

Roaring River Hatchery RRH Rainbow trout adults 12/13/73 c

Oregon Dept. Fish and Wildlife
Research Lab, Corvallis GCL Spring Chinook salmon fry 12/19/73

Fort Klamath Hatchery FKH Brown trout fry 1/17/74

Wizard Falls Hatchery WF- 74 Eastern brook trout fry 1/17/74

Sparks Lake Sparks L. Eastern brook trout adults 7/31/74

Wizard Falls Hatchery WF-75 Rainbow trout fry 3/9/75 c

ATCC-VR-299 VR- 299 Eastern brook trout 1959

aMcMichael, 1974.

bTebbit, 1976.

c

d

Isolated during this study.

Wolf et al., 1960.
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was prepared against each isolate in rabbits using a maximum of

three injections of antigen. The injection and bleeding schedule used

is given in Table 9.

Of interest also was the amount of antigenic variation of IPN

virus in a relatively restricted geographic area where the opportuni-

ties for the introduction of new strains of the virus from outside the

area were minimal.

Reciprocal Cross-Neutralization Titers
of IPN Virus Isolates

A microplate neutralization test was used to determine the 100%

and 50% endpoint titers of all the antisera against all of the virus

isolates. A total of 196 cross-reactions were done. The 100% end-

point titers were obtained six times, and are given in Appendix 1.

The 50% endpoint titers were determined three times, and are given

in Appendix 2. In both cases, the geometric mean titer was calcu-

lated from the replicate determinations and was used in all further

calculations. All titers are expressed as reciprocals.

Table 10 shows the 100% endpoint geometric mean titers of

all the antisera versus all of the viruses. The mean homologous

reaction titer was 7,317. The relationships of the viruses were

determined by comparing the reactions of each of the heterologous

antisera with each isolate in turn, to the homologous antiserum-

virus reaction. The amount of variation in the homologous system



Table 9. History of the antisera used for antigenic analysis.

Antiserum Rabbit
no.

Injection dates Bleeding dates

1 2 3 1 2

WF-75 14 11/1/75 11/20/75 12/12/75 12/27/75 12/31/75

WF-74 22 1/17/76 2/6/76 2/21/76 3/8/76 3/12/76

Coho L 12/23/75 1/3/76 1/21/76 2/4/76 2/11/76

FRH 17 11/4/75 11/23/75 12/10/76 12/28/75 1/11/76

GCL 1111 12/21/75 1/9/76 2/5/76 2/20/76 2/24/76

Fish L. 18 12/22/75 1/10/76 1/25/76 2/8/76 2/14/76

Sparks L. 25 1/18/76 2/7/76 2/24/76 3/9/76 3/13/76

RRH 24 1/13/76 1/30/76 2/18/76 3/8/76 3/12/76

RBH 15 12/23/75 1/5/76 1/25/76 2/8/76 2/14/76

Lava L. 21 1/12/76 2/2/76 2/20/76 3/8/76 3/12/76

FKH 24 1/15/76 2/7/76 2/24/76 3/9/76 3/13/76

CTT 5 12/23/75 1/5/76 1/23/76 2/ 8/76 2/14/76

Elk L. 13 12/13/75 12/31/75 1/20/76 3/4/76 3/8/76

VR-299 10 11/4/75 12/12/75 12/26/75 1/11/76 1/16/76
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Table 10. Results of the 100% endpoint reciprocal cross-neutralization tests with Oregon IPN virus isolates.

Antisera

Virus

WF- 75 Wf -74 Coho VR-299 F RH GCL Fish L. Sparks L. RRH RBH Lava L FKH CTT Elk L. Cache

WF-75 1625a 5793 1625 7298 579 3 2896 3251 8192 2299 10321 23170 10321 2896 5161 16384

IMF- 74 4598 7298 2299 9195 11585 3649 5161 10321 4096 8192 13004 11585 2896 10321 14596

Coho 2048 5793 1448 2896 5793 4598 3251 10321 2896 5161 11585 8192 1290 5161 13004

VR-299 2896 5 793 2896 5793 6502 5793 4096 6502 3251 9195 16384 9195 289 6 6502 11585

F RH 2580 7298 1825 9195 6502 2580 4598 14596 2896 5793 13004 13004 3251 5161 14596

GCL 2896 5793 1625 6502 9195 2299 2896 11585 3649 3649 13004 6502 289 6 6502 13004

Fish L. 2299 3251 1448 5161 8192 1825 2896 8192 3251 5161 11585 8192 1825 4096 14596

Sparks L, 3639 4096 2299 3251 51 60 2048 4096 9195 2580 4598 14596 5161 2896 3251 11585

RRH 2299 2896 2299 4096 4598 1448 3251 7298 2896 7298 18390 919 5 1825 579 3 10321

RBH 2896 4095 1825 4598 2896 1825 3251 11585 3251 8192 46341 9195 2580 4598 11585

Lava L. 32 51 4096 2048 4598 5502 1448 4096 11585 3251 8192 2919 3 13004 2299 5161 11585

FKH 1625 4096 1825 2896 4598 1625 3251 11585 1448 4598 20643 9195 2299 3251 5161

CTT 2896 4096 2580 11585 9195 2299 4096 13004 2896 51 61 26008 10321 2896 2 3170 8192

Elk L. 4096 2896 2299 8192 8192 2580 4096 6502 2299 6502 18390 5161 2580 13004 3649

Normal rabbit
b

serum

Tissue culture

fluid

a

b

Geometric mean of six determinations expressed as a reciprocal.

No neutralization at a minimum dilution of 1:32.



86

was an important factor in the accuracy of such comparisons. Table

11 shows the amount of variation in the determination of the 100%

endpoint homologous reactions. The coefficient of variation (which

expresses the variation about the mean titer) of the 100% endpoint

homologous reactions averaged 39. 8 %. This high coefficient of

variation meant that the 100% endpoint titers were not consistent

enough for the comparison of the isolates.

To reduce the amount of variation in the comparisons, the

50% endpoint titer was used instead of the 100% endpoint titer.

Table 12 gives the geometric mean of the 50% endpoint titers of

the reciprocal cross-neutralization tests. The mean titer of all the

homologous reactions was 9,733. That such a high titer was obtained

from only three injections of antigen indicated that IPN virus is an

excellent antigen. Table 13 gives the statistical analysis of the

homologous 50% endpoint titers. The average of the coefficients of

variation was 20. 6%, which was almost half of the variation seen in

the 100% endpoint titers.

Determination of Anti enic Variation between IPN Virus

Isolates by the Method of Archetti andHozjfaiL(1950)

From the 50% endpoint titers in Table 12 very little could be

determined about the serological relationships of the isolates. When

the homologous reactions were set equal to one by obtaining the titer
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Table 11. Determination of the variation in the homologous 100% neutralization titers with Oregon

IPN virus isolates.

Virus vs.
hox ologous

serum

100% Neutralization titer: Average
titer

Standard
deviation

Standard
error

Coefficient
of variation

WF-75 2048 2048 2048

2048 1024 1024 1707 482. 7 197. 1 28.3

WF-74 8192 8192 8192

8192 8192 4096 7509 1526. 5 623.2 20. 3

Coho 1024 2048 2048

1024 1024 2048 1536 512.0 209.0 33.3

VR-299 4096 4096 4096

8192 8192 8192 4097 2589.6 1158.1 63.2

FRH 16384 4096 8192

4096 8192 4096 7509 4371.2 1784.5 58.2

GCL 4096 1024 2048

2048 2048 4096 2560 1144.9 467.4 44.7

Fish L. 2048 4096 4096

2048 2048 4096 3072 1121.7 458.0 36.5

Sparks L. 8192 16384 8192

8192 8192 8192 9557 3053.0 1246.4 31.9

RRH 2048 4096 2048

1024 2048 2048 2219 1006.8 411.0 45.4

RBH 16384 16384 8192

4096 4096 8192 9557 5108.6 2085.6 53.5

Lava L. 32768 32768 16384

32768 32768 32768 30037 6106.0 2492.8 20.3

FKH 8192 8192 16384

8192 16384 4096 10240 5016.6 2048.0 49.0

CTT 4096 2048 4096

4096 2048 2048 3072 1024 . 0 418.1 33.3

Elk 16384 8192 8192

8192 16384 8192 10922 4230.3 1727.0 38.7

a Coefficient of variation standard deviation x 100/ mean.



Table 12. Results of the 50% endpoint reciprocal cross-neutralization tests with Oregon IPN isolates.

WF-75 WF-74 Coho VR-299 FRH GCL Fish L. Sparks L. RRH RBH Lava L. FKH CTT Elk L

a
WF-75 2299 7298 2299 10321 8192 4096 4598 11585 3251 13004 32768 13004 4096 6502

WF-74 6502 10321 2580 13004 16384 5161 7298 14596 5793 11585 18390 16384 4096 14596

Coho 2896 8192 2048 4096 8192 6502 4598 14596 4096 6502 16384 10321 1824 6502

VR-299 4096 8192 4096 8192 9195 8192 5792 9195 4598 11585 18390 11585 4096 18863

FRH 3649 10321 2580 11585 8192 3649 6502 20642 4096 8192 18390 18390 4598 7298

GCL 4096 7 298 2298 9269 13004 3251 4096 16384 5161 5161 16384 8192 4096 9195

Fish L. 3225 4598 2047 7298 11585 2580 4096 11585 4598 7298 16384 11585 2580 5161

Sparks L. 4096 5793 2896 4598 7298 2580 5793 13004 3649 5793 20643 7298 4096 4598

RRH 2896 4096 3251 5160 6502 2048 4598 10321 4096 9195 26008 13004 2299 7298

RBH 4096 5793 2580 6502 4096 2580 4598 16384 4096 9195 65536 11585 3251 6502

Lava L. 4598 5793 2580 6502 9195 1824 5161 14596 5284 11585 41285 18390 3251 6502

FKH 2299 5793 2299 4096 6502 2299 4598 14596 2048 6502 29192 11585 3251 4598

CTT 4096 5793 3649 14596 11585 3251 5793 18390 4096 7298 36781 14596 4096 29193

Elk L 5793 4096 3251 11585 10321 3649 5793 8192 3251 8192 26008 7298 3649 14596

Normal rabbit
serum _ _ b

Tissue culture
fluid

a

b

Geometric mean of three determinations expressed as a reciprocal.

No neutralization at a minimum dilution of 1:32.
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Table 13. Determination of the statistical variation in the homologous 50% neutralization titers of

the Oregon IPN virus isolates.

Virus vs.
hor ologous

serum

50% Neutralization titers obtained Average
titer

Standard
deviation

Standard
error

Coefficient
a

of variation
eyo

WF- 75 2896 2048 2048 2331 399.8 230.8 17.2

WF-74 11585 11585 8192 10454 1599.5 92 3. 5 15. 3

Coho 1448 2048 2896 2131 594.0 343.0 27.9

VR-299 8192 8192 8192 8192 0 0 0

F RH 8192 8192 8192 8192 0 0 0

GCL 4096 4096 2048 3413 965.4 557.4 28.3

Fish L. 2896 4096 5793 4262 1455. 6 840.4 34. 6

Sparks L. 11585 16384 11585 13185 2262.3 1 306. 1 17.2

RRH 2048 4096 2896 3013 1029.0 594. 1 34. 1

RBH 8192 8192 11585 3923 1599.5 923.5 17.2

Lava L. 46341 46341 32768 41817 6398.4 3694.1 15. 3

FKH 11585 1 6384 8192 12054 4116.1 2376.4 34.1

CTT 5793 2896 4096 4262 1188.5 686.2 27.9

Elk L. 16384 16384 11585 14784 2770.7 1599.7 18.7

a Coefficient of variation = standard deviation x 100/ mean.
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ratios, some clarification of the data was obtained. The titer ratios

of the 50% endpoint titers are given in Table 14. However, the clear-

es. comparison between the viruses was obtained by using the titer

ratios in the method of Archetti and Horsfall (1950). The geometric

mean of the titer ratios, r, expresses the relationship between two

viruses as a single value. Table 15 shows the r values for the 50%

endpoint titers expressed as a percent.

An r value of 100% indicates antigenic identity. The greater the

variation either above or below 100%, the greater the antigenic diver-

sity. The accuracy of using r to compare the viruses was enhanced

because four antibody titrations (two homologous reactions and two

heterologous reactions) were used to determine r. A value of 200%

or 50% was considered to be an antigenic variation of 50% and these

values have been used as limits for determining serotypes (Archetti

and Horsfall, 1950; Povey, 1974).

As shown on Table 15, no values of r exceeded 200%. The low-

est value seen was 45% variation between the Lava L. and GCL

isolates and between the Elk L. and RRH isolates. However, none

of the virus isolates appeared sufficiently divergent to be considered

unique serotypes. All of the isolates tested appeared to be variants

of a single serotype of IPN virus, but with considerable antigenic

variation, between 45% and 160% (Table 15). A key to the designations

used for the virus isolates is given in Table 8, and the locations of the



Table 14. Titer ratios of 50% endpoint titers. a

WF-75 WF-74 Coho VR-299 FRH GCL Fish L. Sparks L. RRH RBH Lava L. FKH CTT Elk L.

WF-75 1 3.18 1.00 4. 49 3.56 1.78 2.00 5.04 1.41 5.66 14.26 5. 66 1.78 2.83

WF-74 .63 1 .25 1.26 1.59 .50 .71 1.41 .31 1.12 1.78 1.59 .40 1.41

Coho 1.41 4.00 1 2.00 4.00 3.17 2.24 7.13 2.00 3.17 8.00 5.04 .89 3.17

VR-299 . 50 1.00 .50 1 1.12 1.00 .71 1. 12 .56 1.41 2.24 1.41 .50 2. 30

FRH . 45 1.26 . 31 1.41 1 .45 . 79 2.52 . 50 1.00 2.24 2. 24 . 56 . 89

GCL 1.25 2, 24 .71 2. 85 4. 00 1 1.26 5.04 1.60 1.59 5. 04 2.52 1.26 2.83

Fish L. . 79 1. 12 . 50 1.78 2.83 . 63 1 2.83 1.12 1.78 4, 00 2.83 . 63 1.26

Sparks L. . 31 .45 . 22 . 35 . 56 . 20 .45 1 .28 .45 1.59 . 56 . 31 .35

RRH . 71 1.00 .79 1.26 1.59 . 50 1.12 2. 52 1 2.24 6. 35 3.17 . 56 1.78

RBH .45 .63 .28 /1 .45 .28 .50 1.78 .45 1 7.12 1.26 ,35 .71

Lava L. .11 , 14 .06 . 16 .22 .04 .13 .35 . 13 .28 1 .45 .08 . 16

FKH .20 .50 .20 .35 .56 .20 .40 1.26 .18 .56 2.52 1 .28 .40

CTT 1.00 1.41 . 89 3. 56 2.83 . 79 1.41 4.49 1.00 1.78 8.98 3.56 1 7.13

Elk L. .40 .28 .22 .79 .71 .25 .40 .56 .22 .56 1.78 .50 .25 1

aTiter ratio = heterologous titer divided by homologous titer.



Table 15. Antigenic relationship among IPN isolates expressed as an r value a and calculated from titer ratios.

WF-75 WF-74 Coho VR-299 FRH GCL Fish L. Sparks L. RRH RBH Lava L. FKH CTT Elk L.

WF-75 100

WF-74 142 100

Coho 119 100 100

VR-299 150 112 100 100

FRH 127 142 111 126 100

GCL 149 106 150 169 134 100

Fish L. 126 89 106 1 1 2 150 89 100

Sparks L. 125 80 125 63 119 100 113 100

RRH 100 56 158 84 89 89 112 71 100

RBH 160 84 94 100 67 67 94 89 100 100

Lava L. 125 50 69 60 70 45 72 75 91 141 100

FKH 106 89 100 70 112 71 106 84 76 84 106 100

CTT 133 75 89 133 126 100 94 118 75 79 85 100 100

Elk L. 106 63 84 135 79 84 71 44 63 63 53 45 134 r00

aExpressed as a percent and calculated from the formula x r2 (expressed as 1/ r) x 100 of titer ratios.
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testing sites are given in Figure 3.

Because there was only one serotype, it was difficult to group

the isolates by any pattern. The seven isolates made from Eastern

brook trout, WF-74, VR-299, FRH, Fish L. , Sparks L. , Lava L. ,

and Elk L. , were widely divergent. The antigenic variation between

the isolates from the two epizootics in Eastern brook trout, FRH and

WF-74, was 142% (Table 15). This suggests that there was no com-

mon source for the infection in the two hatcheries.

The clearest pattern of relationships is seen when the isolates

from the 1974 and 1975 Wizard Falls Hatchery epizootics (WF-74 and

WF-75) were compared. There was an antigenic variation of 142%,

indicating that these isolates were different. This eliminated the

possibility that the 1975 epizootic was caused by virus from the 1974

epizootic that had escaped the sanitation procedures that had been

followed after the latter outbreak. While the 1974 isolate was from

brook trout, the 1975 virus was from rainbow trout fry which had

been brought into the hatchery as eyed-eggs. When the WF-75 strain

was compared to the Roaring River Hatchery (RRH) isolate, there was

100% antigenic identity (Table 15). This was strong circumstantial

evidence that the source of the 1975 IPN epizootic at Wizard Falls

Hatchery was the parent brood stock at Roaring River Hatchery. The

source of the 1974 epizootic at this hatchery was not revealed by this

method.
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When the isolates from the southern part of the state, FKH and

Fish L. (Figure 3), were compared the r value was 106% indicating

a very close relationship. The Willamette Valley IPN isolates, RRH,

CTT, GCL, were compared to each other. The relationship between

the CTT and GCL isolates was 100%, between the GCL and RRH iso-

lates it was 89%, and between the RRH and CTT isolates it was 75%.

These results are shown in Table 15.

Comparisons between the remaining isolates was difficult for

two reasons. Either there was no marked difference discernible by

examination of r values, or there was no additional supportive evi-

dence to link two isolates with r values near 100%. The latter was

the case for isolates which were antigenically similar to VR--',99

such as Coho (r=100%), RBH (r--,100%), Fish L. (r=112%), and WF-74

(r=-112%). The VR-299 isolate probably most closely resembles the

strain of IPN virus which was introduced originally into Oregon.

Comparison of IPN Isolates by Student's
t-Test on Paired Samples

Each IPN isolate was compared to every other isolate one at a

time by considering the reactions of the two viruses to all 14 antisera.

The 50% endpoint titer of each antisera against the two virus isolates

being compared was considered a paired sample. The 14 titers ob-

tained from the reaction of each virus with the antisera comprised
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a sample population. A Student's t-test was used to determine if

the sample population means were the same or different. The r value

cor sidered only the four antibody titrations between the two viruses

being compared and their respective antisera. The t-test on paired

samples was determined from 14 pairs of titrations of antisera

against the two viruses being compared. A 95% level of significance

was used to determine if the two viruses were the same or different.

The results of the t-test on paired samples is shown in Table 16

with the sample t values and the significance probability values for

those isolates which were significantly different. The data confirm

the widespread antigenic dissimilarity of the isolates. Only 18 of the

105 possible combinations of two viruses were identical at the 95%

significance level.

Analysis of the isolates by this method also confirms that the

WF-74 and WF-75 isolates were different (P <, 001), and that the

WF-75 and RRH isolates were antigenically the same. This again

implied that the source of the 1 975 infection at Wizard Falls Hatchery

was the Roaring River Hatchery broodstock. The RRH and the WF-74

isolates were not related antigenically.

This test revealed that the Fall River Hatchery (FRH) and the

Elk L. isolate were the same, but that the FRH and Lava L. isolates

were different (P <. 001). The 1 973 IPI\I virus epizootic at Fall River

Hatchery involved Eastern brook trout from East Lake, Elk Lake and



Table 16. Comparison of IPN virus ?tolater by Student's t- Test on paired sample.

WE-75 0,T- 74 Co ho VR-299 FRH GCL Fish 1.. Sparks L. RRH RBH Lava L. FISH CTT Elk L.

WF- 75

WF- 74

("oho

VR-299

FRI-1

GCL

Fish I..

Sparks L.

RRH

RBH

lava 1..

FEH

4.80 3.70 6.38 4.43 0.387, 1.48 10.38 0.89 7.03 6.39 8.49 , .15 3.53

Differentb Different Different Different Same' Some Different Same Different Different Different Same Different

P <.001 P < . 003 P _.001 P < . 001 9 < . 001 P < . 001 P < .001 9 <,001 P < . 003

6.68 1.46 3.22 6.37 3.14 8.65 4.99 3.39 5.30 6.30 6.47 3.04

Different Same Different Different Different Different Different Different Different Different Different Different

P < 005 P <.010 P <.001 P < . 010 P < . 001 P < , 001 7 <.005 IP <.001 P G.001 P <.001 P <.010

6. 32 7.73 2.07 10. SO 4. 20 5. OS 9. 19 6. 74 9.79 3.26 4.20

Different Different Same Different Different Different Different Different Different Different Different

P < .001 P <. 001 P < . 001 P G. 005 9 < . 001 P < .001 P < . 001 P G . 001 P < . 010 P G . 005

1.27 4. 81 3. 87 4, 09 4. 74 0.31 4. 64 3, 68 6. 05 1.28

Same Different Different Different Different Same Different Different Different Some

P < . 001 P < . 005 P < . 005 P G . 001 P < . 001 9 < . 005 7 < . 001

6. 57 5. 31 3. 71 7. 32 0.64 4. 36 2. 74 7. 29 0.45

Different Different Different Different Same Different Different Different Same

P < . 001 P < . 001 P < .003 P < . 001 P < , 001 P < . 020 P <. 001

3.29 9.08 0.92 7.34 9.23 7.81 0.33 3.67

Different Different Same Different Different Different Same Different

P < .010 P <.001 P < .001 P < .001 P < . 001 P < . 005

R 31 3.51 5.40 5.96 7.94 7.57 2.76

Different Different Different Different Different Different Different

P < . 001 P < . 003 P < . 001 P < . 001 P < . 001 P.7.001 P < 020

10.46 4.03 3.75 1.33 11.54 1.84

Different Different Different Same Different Same

P < . 001 P < . 005 P < . 005 I' < . 001

7.01 6.24 9.09 1.96 3.24

Different Different Different Same Different

P < , 001 P < . 001 P < . 001 P < . 010

3. 29 4.52 7, 83 0,73
Different Different Different Same

P < .001 P < .001 P < . 001
4. 14 b, 50 4. 21

Different Different Different
P.7.005 P.7.001 P < . 003

9.27 1.14
Different Same
P < . 001

3.67
Different
P <.00.3

Elk L.

Calculated Student's 5- Test statistic.

Ind icates th. at the valendrted Student's t -'lest 1st exceeded the alum for t It = t2. 160)

Indiuttes that the calculated Student's 5- Test .itat,stie d id not exceed the crltical calve for t It - +2.160)
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Lava Lake. No virus was ever isolated from fish in East Lake

despite intensive sampling. The probable source of infection at this

ha chery was the eggs taken from Elk Lake fish. The isolate obtained

from Lava Lake (Lava L. ) was different from the Elk L. isolate

(P <. 001).

The question of the virus status of East Lake fish can also be

partially resolved by this method of comparing the isolates. The

isolation of IPN virus from brown trout from Fort Klamath Hatchery

(FKH) and from Eastern brook trout at Wizard Falls Hat chery (WF-74)

occurred on the same day, January 17, 1974. Both of these stocks

of fish were from eggs from East Lake fish. If IPN virus was present

in East Lake then these two isolates might be expected to resemble

each other antigenically. The t-test showed these isolates to be

antigenically distinct (P <. 001). Therefore, it is likely that East

Lake was not the source of these viruses.

An examination of the relationships between the isolates from

the Willamette Valley (Figure 2), RRH, CTT, and GCL showed a

high degree of antigenic similarity. The CTT isolate was the same

as both the RRH and the GCL isolates, and the RRH isolate is the

same as the GCL isolate. There was no direct evidence, such as

the movement of fish or common egg sources, to correlate the occur-

rence of IPN virus at these three locations, but it is improbable that

the high degree of correlation observed was coincidental. The RRH
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and CTT viruses also show the same correlation of antigenic identity

to the WF-7 5 isolate. The WF-7 5 isolate, since it correlates with

the GCL, RRH ar.d CTT isolates so closely, can be grouped with

these isolates.

A similar grouping of isolates by antigenic cross-correlation

can be made between the Elk L. RBH, FRH, Sparks L. VR-299,

and FKH isolates. With the exception of the reference strain VR-299

and the FKH isolate, these isolates were all made from locations in

the Deschutes River drainage (Figure 2).
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DISCUSSION

Preliminary work by ivIcMichael (1974) and Tebbit (19761 indi-

cated that IPN and IHN viruses of salmonid fishes might have a wide

geographic distribution in Oregon. A survey of Oregon lakes, rivers,

and hatcheries was undertaken to determine the impact of these viruses

on the culture of trout and salmon in Oregon.

Whenever possible a 60-fish test lot was obtained which was

statistically valid to detect a 5% incidence level of virus-infected fish.

Where 60 fish could not be obtained, the largest number possible was

collected for testing. Four types of samples were taken from the

fish: whole fry, entire viscera from fingerlings, selected visceral

organs from adults, and ovarian fluids from spawning female, . Early

in the study a viscera sample from an adult fish consisted of pieces

of kidney, liver and spleen. The liver was later eliminated from

viscera sampling because of itE toxicity and low level of virus.

All samples were returned to the laboratory and held at 4 C

for a maximum of seven days before processing. No samples were

ever frozen to avoid the possibility of destroying any IPN virus pres-

ent. All samples were inoculated onto two cell lines to assure the

maximum possibility of detecting a virus. Inoculated cells were held

for 14 days before being discarded as negative.

East Lake Eastern brook trout were intensively surveyed to

determine the suitability of fish from this lake as a source of eggs.
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A total of 180 viscera and 573 ovarian fluid samples were tested with

negative results. Eastern brook trout eggs were taken from this lake

in tie fall of 1973 and placed at Wizard Falls Hatchery.

The second IPN virus epizootic in Oregon occurred at Wizard

Falls Hatchery in January, 1974 in the fry which had hatched from

East Lake Eastern brook trout eggs. A total of 693,000 brook trout

fry were destroyed.

Also in January, 1974 IPN virus was isolated from brown trout

fry at Fort Klamath Hatchery in southern Oregon. The source of the

brown trout eggs was East Lake. The isolation of IPN virus from

two groups of fish hatched from East Lake eggs caused this lake to

be eliminated as a source of eggs, despite the large number cf nega-

tive samples that had been taken from the fish in this lake. The

infected fish at Fort Klamath Hatchery were not dying from the infec-

tion, but were destroyed to eliminate the virus from the hatchery.

A total of 70,000 fish were destroyed.

Infectious pancreatic necrosis virus was isolated from spring

chinook salmon fry at the Department of Fish and Wildlife Research

Laboratory in Corvallis. There was no loss in these fish, which were

apparently asymptomatic carriers. The fish were not destroyed as

they were intended for research purposes. This was the only lot of

infected fish found during the survey which were not immediately

destroyed. The source of this infection was not clear. The eggs
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had been introduced into the laboratory as eyed eggs obtained from

Cole River's Hatchery. The eggs were disinfected when they arrived

at the laboratory. A sample of the same lot of eggs held at Cole

River's hatchery proved to be negative for viruses.

During sampling of the infected lot of spring chinook salmon

fry at the research laboratory, one group of samples proved to be

negative. The previous samples had produced IPN virus, and the

following group of samples was also positive. This was possibly due

to the virus being in the carrier state, and producing less infectious

virus than during an acute infection. A second possibility was that

only a small proportion of the fish were actually carriers, and that

the test lot taken did not, by chance, include any infected fish.

In December, 1973, a routine check of the Roaring River rain-

bow trout broodstock produced an IPN virus (RRH) in one sample out

of the 12 obtained. This indicated the potential of a very low level

of the virus in this population. This isolate was the only IPN virus

isolated from ovarian fluid samples during this study, and indicated

the importance of obtaining visceral samples when IPN virus was

suspected. Because this broodstock supplied much of the rainbow

trout eggs for the rest of the state hatchery system, further efforts

to confirm the presence of IPN virus in the broodstock was made. A

total of 195 fish were tested by ovarian fluids, and 60 fish were tested

by viscera. No reisolation of the virus was made. No loss occurred
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in the fry from the eggs taken from this broodstock and held at

Roaring River Hatchery.

After the isolation of IPN virus from the Roaring River Hatchery

broodstock, five other hatchery broodstocks were surveyed. No

viruses were isolated.

Fall River Hatchery was reactivated in the spring of 1974 after

disinfection had been completed after the 1973 IPN epizootic. That

epizootic had been the first caused by 1PN virus in Oregon. Small

populations of Eastern brook trout fry and adult rainbow trout which

had been placed in the hatchery as indicators of the success of disin-

fection were tested and showed that the hatchery was free of IPN

virus. Production levels of Eastern brook trout were placed in the

hatchery the following year, 1975. This group of fish was tested at

four different times during the year with negative results. A second

crop of Eastern brook trout produced in 1976 were also free of fish

viruses. The success of disinfection at this hatchery encouraged the

effort to control the fish viruses at other hatcheries by destroying

the infected stocks and disinfecting the facility.

In March, 1975, Wizard Falls Hatchery experienced its second

epizootic in two years. The affected fish were kokanee salmon, found

to be infected with IHN virus, and rainbow trout fry, found to be in-

fected by both IHN virus and IPN virus. This was the first reported

case of double infection by any fish viruses. The two viruses were
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demonstrated in the rainbow trout and titered by successive neutral-

ization tests on single fish, There was an average of 1, 2 x 104 pfu

per gram of fish of IPN virus and 2. 8 x 105 pfu per gram of fish of

IHN virus. These titers were lower than expected for either virus in

singly-infected fish. This may have represented a case of hetero-

logous interference or may have been due to some other form of

competition between the viruses. No effort was made to search for

naturally occurring recombinants or phenotypically-mixed viruses in

in the doubly-infected fish. The ability of fish viruses to recombine

or undergo phenotypic mixing and possibly result in a virus with new

characteristics or host range is not known. This may represent a

serious hazard where two viruses exist in the same geographic area.

A second problem presented by the ability of the fish viruses

to coexist in the same fish is the possibility of introducing a new

virus into an area by stocking virus carriers. This possibility has

not been a problem in Oregon because of the policy of destroying virus

infected fish. However, it is likely that in the future strong pressure

will be applied to allow the stocking of an important group of known

asymptomatic carriers into a watershed where that virus is already

known to exist.

Because the doubly-infected fish were from Roaring River

broodstock, this was first considered to be the source of the infection

at Wizard Falls Hatchery. However, examination of Roaring River
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rainbow trout stocks held at five other hatcheries failed to produce

any virus. Since it seemed unlikely that only one lot of eggs from

the common stock would be infected this then seemed to be a less

likely source of infection. It was then assumed that the IPN infection

was from virus which had survived the sanitation procedures followed

after the 1974 IPN virus epizootic at the facility.

The source of the IHN virus at this hatchery was assumed to

be the parent stock of kokanee salmon in North Twin Lake. Only a

partial sample (less than 60 fish) had been tested for viruses before

this lake was used as an egg source. Kokanee salmon eggs had also

been taken from Suttle Lake, which had been the traditional source

of eggs of this species. Although no ovarian fluid samples from these

fish have been tested, no unexplained losses have ever occurred in

this stock of fish.

The only fry to escape infection during the 1975 epizootic at

Wizard Falls Hatchery were a single tank of Atlantic salmon fry.

However, these fish were destroyed to prevent any possibility of

spread of the viruses. All other infected stocks were destroyed and

the hatchery was disinfected. A total of 556, 000 kokanee salmon fry,

3,724, 000 rainbow trout fry, and 150,000 Atlantic salmon fry were

destroyed. No virus-caused epizootic occurred at this hatchery

during 1976, indicating that this hatchery had been adequately dis-

infected.
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Round Butte Hatchery was known to have both IPN and IHN

viruses (Tebbit, 1976), and in April, 1975, an epizootic in steelhead

trout fry caused by IHN virus occurred. The infected fish, a total

of 269, 259 were destroyed, In January, 1976, IHN virus was isolated

from adult steelhead being spawned at this hatchery, and later the

progeny of these eggs underwent an epizootic caused by IHN virus

(Winton, 1976). Because of the discovery of IHN virus in the parent

stock, it is likely that IHN virus will continue to be an obstacle to

fish culture at this hatchery. No virus was isolated from spring

chinook salmon fry or spawning adults at this facility during this study.

Fish from a total of 27 lakes and rivers were examined for fish

viruses. A primary goal of the lake survey was to locate a source

of virus-free Eastern brook trout eggs to replace East Lake. Little

Cultus Lake was found to be free of fish viruses and functioned as

an egg source in 1975 and 1976.

The IPN virus was first isolated from fish in Elk Lake and Lava

Lake in the Central Cascade Mountains in 1973 (Tebbit, 1976). It

was reisolated from fish in Elk Lake twice during this study, once

in 1974 and again in 1975, indicating that the fish in this lake are

likely lifelong carriers of the virus.

Fish from two additional central Cascade Mountain lakes were

found to be infected with IPN virus. A two-fish test lot of Eastern

brook trout from Cache Lake yielded 1PN virus, making this the
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smallest test lot from which a virus was isolated during this survey.

Eastern brook trout from Sparks Lake were also infected with IPN

virus. Fish from a total of 15 other lakes in this area were tested

and found to be negative. There was heavy traffic between these lakes

by fishermen, but apparently IPN virus was not easily spread by this

manner of contact, otherwise all of the lakes in the area would also

have been infected.

Only one site in northeastern Oregon, Duck Lake in the Wallowa

Mountains, and one site in southeastern Oregon, Mann Lake in the

Steens Mountains, were surveyed for fish viruses. Both were nega-

tive.

The IHN virus was isolated from samples from kokanee salmon

spawning in the Metolius River above Wizard Falls Hatchery. These

fish resided in Billy Chinook Lake above Round Butte Hatchery and

migrated past Wizard Falls Hatchery. The role of this population of

carrier fish in the infection of hatchery fish was difficult to assess.

Since most of the Wizard Falls Hatchery was on a spring water supply

the avoidance of contamination of this hatchery by virus from carrier

fish in the Metolius River was effective.

The IHN virus was isolated in January, 1976 from fall chinook

salmon being spawned at Elk River Hatchery in the southwestern part

of the state. This isolation extended the geographic range of the

fish viruses into the coastal waters of Oregon for the first time. The
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fry that hatched from these. eggs later suffered an epizootic caused

by IHN virus (Winton, 1976). Previous to this survey, only one

survey for fish viruses was done at this hatchery (McMichael, 1974).

That sample was negative. It may be that the carrier level in the

population is small, or that there is a different carrier status between

year-classes of fish.

After the 1975 IPN/IHN epizootic at Wizard Falls Hatchery there

was serious concern that escaped fish living in the hatchery effluent

settling pond had become infected and could serve to re infect the

hatchery. When 60 of these fish were tested no viruses were found.

This was surprising since they had been exposed to IPN virus in the

effluent for two years (1974 and 1975) and to IHN virus during 1975.

To determine if the fish were immune to the fish viruses, serum

samples were titrated against the 1975 isolates of IPN and IHN viruses.

The highest level of antibody in the fish was 1:10, which was consid-

ered to be insignificant. The non-carrier status of these fish could

be explained if adult fish were refractory to these fish viruses. This

would mean that fish can become virus carriers only as fry, when

the physiological condition of the fish allowed infection of the virus,

The controlling mechanism of the infection of fish by these viruses

is unknown, as is the host-parasite interrelationships between fish

and virus. If adult fish are truly refractory to infection by water-

borne IHN and IPN viruses, then a means of eliminating the virus
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from wild fish populations is possible. Virus-free fish could be

stocked into a carrier-population until they replaced the virus-infected

fish. This would work particularly well in areas dependent on con-

tinual stocking to maintain the population. Where natural reproduction

occurs, this method may be less effective, although the kinetics of

virus infection in naturally reproducing stocks are unknown.

A comparison of 13 IPN isolates from Oregon hatcheries, lakes

and rivers was done in an effort to relate the isolates in epizootiolog-

ical terms. Because of the frequent shipments and trans-shipments

of salmonid fishes between Oregon hatcheries, relating the occurrence

of IPN virus in two hatcheries by tracing the movements of fish was

almost impossible. Compounding the problem was the apparent

widespread distribution of IPN virus in Oregon, a possible indication

ti-a t the virus had been present for some time.

Oregon was uniquely suited for an epizootiological study of a

fish virus because it was a relatively small geographic area with

physical barriers to the natural movements of fish into the area from

outside the state. There was the Columbia River on the north, the

Pacific Ocean on the west, and the Snake River and deserts to the

east. Within the state the movements of sairnonid fishes has been

primarily the responsibility of the Oregon Fish Commission and

the Oregon Wildlife Commission (recently merged into the Oregon

Department of Fish and Wildlife). There has been a small amount
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of fish movements by commercial aquaculturists.

Of interest also in this study was the amount of antigenic varia-

tion in IPN virus from a restricted area where the opportunity for

the introduction of new strains of the virus from outside the area

were minimal.

A microplate neutralization test was used to determine the 100%

and 50% endpoint titers of the 14 antisera against the 14 virus isolates.

A total of 196 cross-reactions were done. The 100% endpoint titers

were obtained six times and the 50% endpoint titers three times.

In each case, the geometric mean of these replicate titrations was

used for comparisons.

The average titer of the antisera in the homologous reactions

was 7317 for the 100% endpoint titers, and 9733 for the 50% endpoint

titers. From only three injections of antigen these titers were very.

high. This indicated that IPN was .6:n unusually good antigen. The

amount of variation in the 1.00% endpoints was high, 39. 8%, so these

titrations were not used for comparisons of the isolates. The coeffi-

cient of variation of the 50% endpoint titers was only 20. 6%, and these

titrations were used for further comparions,

A comparison of antigenicity of the isolates on the basis of their

50% endpoint titers alone was impossible without manipulating the

data into a more easily understood form, in order to reduce the

number of titers necessary to compare two isolates from four, first
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the titer ratios and then the r values were calculated. Obtaining the

titer ratios reduces the data needed to compare two isolates from

four titrations to two, as the homologous reactions become equal to

one. Obtaining the geometric mean of the titer ratios, the r value,

reduced the comparison of two viruses to a single figure. Use of r

as a percent allowed the amount of antigenic similarity to be expressed

quantitatively. Also, the use of r allowed the determination of the

number of serotypes among the isolates.

Only one serotype was found to be present among the Oregon

IPN isolates. This was important because it meant that if a vaccine

against IPN virus can be developed, only a monovalent vaccine would

be necessary for use in Oregon. That only one serotype was found

was not surprising in view of the geographic restrictions to the natural

movement of fishes in Oregon, and the fact that the movements of

fish in the state are done by a single (formerly two) agency. There

was considerable antigenic variation within the serotype, from a rela-

tionship of 45% between the Lava L. and C-CL isolates and Elk L. and

RRH isolates to 160% between the RBH and WF-75 isolates.

Using the r values as means of comparing the isolates produced

some answers concerning the sources of infection of several hatch-

eries. The close relationship between the RRH and WF-75 isolates,

with corroborating information about the source of the infected fish.

at the Wizard Falls Hatchery 1975 epizootic being the Roaring River
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Hatchery stock, indicated the latter hatchery as the source of infection

of the former. This conclusion reinforced the validity of the single

isolation of IPN virus from Roaring River Hatchery broodstock

Although no other lots of Roaring River fish held at other hatcheries

were found to be infected with IPN virus, there was circumstantial

evidence that not all eggs from a single infected source may be

harboring the virus. For example, before both the 1974 and 1975

epizootics at Wizard Falls Hatchery had begun, a sublot of eggs had

been removed and transported to the laboratory. After the epizootics

began, the fry from these eggs were tested, but no viruses were

isolated. The most probable explanation for this was that the parent

broodstock had only an extremely small proportion of carriers.

When spawned, not all the eggs were infected with the virus. A

sublot of eggs removed from the whole lot may not contain infected

eggs. When the carrier eggs hatched, the few infected fish began

to produce virus in large amounts until the major=ity of the population

were affected and an epizootic resulted.

The dissimilarity between the 1974 and 1975 Wizard Falls

Hatchery isolates (WF-74 and WF-75) proved that the disinfection

procedures followed after the 1974 epizootic were as effective as

when they were used at Fall River Hatchery.

The relationship between the Willamette Valley IPN isolates,

RRH, CTT and GCL, argued for a local source of infection of the
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Department of Fish and Wildlife Laboratory rather than from Cole

River's Hatchery, the source of the fish involved.

The great difference (142%) between the isolates, FRH and

WF-74, from the two IPN epizootics in Eastern brook trout indicated

two sources of infection for these epizootics. The r values did not

indicate the actual sources of these outbreaks.

A comparison of all possible combinations of two IPN virus

isolates on the basis of their paired reactions to all 14 antisera was

done in an effort to supplement the epizootiological data obtained in

the r value analysis. The test statistic used was the t-test. Since

this test used 28 titrations (14 pairs) as opposed to only four in the

r value determination, it was expected to produce a slightly different

interpretation of the antigenic relationships of the viruses. In order

to be judged antigenically identical by this test, two viruses would

have to produce 14 similar reactions, that is, they must be extremely

similar in protein makeup and antigenic potency. In contrast, the

r value determination cancelled slight difference in antigenicity,

thus requiring larger shifts in antigenic composition before the two

viruses could be classified as being different. The r value, then,

tended to discourage viewing two viruses as being different, while the

t-test method was stricter in classifying two viruses as being the

same.

Only 18 out of 105 possible combinations of two viruses were
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identical by the t-test at the 95% significance level. This test re-

confirmed that the WF-74 and WF-75 isolates were different viruses,

and that the WF-75 and RRH isolates were the same. This was

further proof of the Roaring River Hatchery broodstock as the source

of infection of the 1975 Wizard Falls IPN epizootic.

This test indicated that the source of infection of the Fall River

Hatchery 1973 epizootic was the eggs taken from Elk Lake, as these

isolates, FRH and Elk L. , were identical. Although fish from Lava

Lake stock were also involved in the epizootic, the FRH isolate

proved to be different from the Lava L. isolate. Additional circum-

stantial information on the virus status of East Lake was added by

this test. The IPN virus isolates, FKH and WF-74, from two differ-

ent groups of East Lake progeny were found to be antigenically

different. It was unlikely that there would be two antigenic strains

of IPN virus in the same lake. No information obtained during this

study implicated East Lake as a source of infection.

The t-test on paired samples reconfirmed the antigenic simi-

larities of the Willamette Valley isolates, GCL, RRH, and CTT.

Although there was no evidence for direct transfer of the virus be-

tween these locations, the high degree of correlation between the

isolates as indicated by both the r values and t-tests indicated a

single source for these isolates.

There were two main antigenic groups of isolates indicated by



114

the t-test. To the Willamette Valley isolates, RRH, CTT, and GCL

could be added the WF-75 isolate. Although Wizard Falls Hatchery

is not located in the Willamette Valley, this association was not sur-

prising if one accepted Roaring River Hatchery as the source of

infection of the 1975 epizootic. The second antigenic group was

formed by the Elk L. , RBH, FRH, Sparks L., VR-299, and FKH

isolates. With the exception of the VR-299 reference isolate and the

FKH isolate, these isolates were all made from locations in the

Deschutes River drainage. If the first introduction of IPN virus into

Oregon was by the importation of Eastern brook trout, it was likely

that the infected fish were stocked into the central Cascade Mountain

lakes. If this assumption is true, then this latter antigenic group of

IPN isolates most likely represented the parent strain of IPN virus

in Oregon. This reasoning was reinforced by the inclusion of the

reference strain, VR-299, one of the first IPN isolates ever made,

in this group.

Based on the distribution and epizootiology data gathered in

this and previous efforts (McMichael, 1974; Tebbit, 1976), some

recommendations can be made for the future management of Oregon

hatchery and feral fish, and future research. A list of these is given

here:

1. Because of the large number of isolations of both IPN and IHN

viruses from fish in the Deschutes River watershed, any
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movements of salmonids from this area to another should be

strongly discouraged. Any decision for such a transfer of fish

stocks should be made only after the benefits of such movements

have been weighed against the potential harm, and every possible

precaution and testing of the stock to be moved should be made.

2. Only testing of ovarian fluids can be considered adequate for

the detection of IHN virus. Testing of immature fish by taking

fry or viscera samples cannot be considered as proof of the

absence of IHN virus unless the parent fish were also examined

using ovarian fluid samples.

3. The discovery of IHN virus at Elk River Hatchery, which ex-

tended the range of any fish virus into the coastal watersheds

for the first time, showed that the distribution of these viruses

is a dynamic situation, subject to change. Only continuous

annual examinations of broodstocks, domestic and feral, can

assure an adequate estimation of the virus status of any water-

shed or hatchery.

4. A previous examination had been made in 1972 (McMichael,

1974) of spawning chinook salmon at Elk River Hatchery. No

viruses were isolated and this hatchery was considered to be

virus-free on the basis of this single test. Although it is pos-

sible that the virus had been introduced after this examination,

it is also possible that fluctuations in the annual virus-carrier
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rate in the population prevented the demonstration of the virus.

Before a salmon run can be considered to be free of fish viruses,

an entire life cycle (3-5 years) should be tested so that at least

one year-class of fish is examined both as fry and as spawning

adults.

5. Because of the discovery of IHN virus in a coastal watershed,

a new survey of coastal salmon populations should be begun.

This survey should examine salmon runs utilized as egg sources

by hatcheries, and in addition, feral salmon runs in rivers

and streams not previously examined. This work should con

tinue for at least five years, to assure that a full cycle of the

salmon has been examined.

6. Between 1973 and 1975, fish at at least one hatchery each year

underwent an epizootic due to IPN virus. By destruction of

infected stocks, extensive sanitation procedures and identifica-

tion of virus-free broodstocks, no IPN virus epizootic occurred

in 1976, nor was IPN virus isolated from fish at any of the

hatcheries examined. Because of the success of this eradica-

tion program, continued aggressive management is warranted

to prevent the reintroduction of this virus into Oregon hatch-

eries, and to control IHN virus in the salmon hatcheries where

it still is a problem. Virus examinations should be routinely

done on all hatchery and feral broodstocks, with particular
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attention to Eastern brook trout and chinook salmon. Educa-

tion and awareness training of hatchery personnel should be

given to prevent casual acquisition of fish eggs from untested

sources, and to cause hatchery managers to view a virus ex-

amination of their stocks as an aid to the production of healthy

fish, rather than as a threat or as implied criticism of their

work.

7. Although virus-carrier adult trout and salmon are asympto-

matic and apparently healthy, they should be considered as

second-rate livestock, because of the danger of expanding the

distribution of the fish viruses. Managers of the state hatcher-

ies should shift their emphasis from producing as many fish as

possible to producing as many healthy fish as possible. Virus

infected fish should be destroyed as a routine management

technique. Stocking of virus infected fish should be done only

as a last resort, and then only when necessary to prevent

irreparable harm to a population, and only in areas already

known to be contaminated with the particular virus in question.

Stocking of virus infected fish to maintain the quality of a

sports-fishing population is not a justifiable excuse. With

these criteria, stocking of virus infected trout should be done

extremely rarely, if ever. Stocking of virus infected salmon

would be done even less often, with the realization that these
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fish will return as virus-carrier adults in the future and that use

of the fish as a source of eggs will result in perpetuation of the

problem.

8. Because the epizootiological data in the investigation was suc-

cessful in identifying the sources of infection by IPN virus of

several hatcheries, a similar examination of all Oregon isolates

of IHN virus should be made.

9. With the increasing level of interest in private aquaculture in

Oregon, the Department of Fish and Wildlife should consider

supplying all private aquaculturists with eggs from tested virus-

free sources. As an alternative, the state agency could identify

virus-free feral populations with excess numbers of spawning

fish and provide access to these fish to private aquaculturists.

The state agency should be assured of open access to any private

aquaculturist's fish by license agreement or by legislative ac-

tion, to perform examinations of the stocks. As a correlary to

this, idemnification for the loss or destruction of private fish

stocks due to specific pathogens should be made by federal or

state governments.

10. Efforts should be made to survey more populations of trout in

eastern Oregon for fish viruses.

11. While a knowledge of the distribution of the fish viruses in

Oregon will help in the short term to manage around the prob-

lem, circumstances may occur in the future which make

avoidance of the virus untenable as a management technique.
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With this in mind, support should be made available for re-

search on the basic biology and pathogenic mechanisms of the

fish viruses.

12. Before any new hatchery or other fish production facility is

built in Oregon waters, a survey of the feral fish in the area

should be made for fish pathogens, including the viruses. In-

cluded in any environmental rripact statement should be an

assessment of the impact that a virus epizootic in the facility

would have on the watershed, including feral fish stocks and

hatcheries located downstream. No new facility should be built

in any of the watersheds known to be contaminated with fish

viruses unless that facility has a virus-free water supply (spring

or stream without fish).

13. Because of the previous isolation of fish viruses from fish in

the following areas, any feral fish, including salmon or steel-

head returning to a hatchery, in the Columbia, Elk, 'Klamath,

Deschutes, and Willamette River Watershed should be consid-

ered a potential IPN or IHN virus- carrier.

14. Interest in raising salmonids in brackish or salt water is in-

creasing in Oregon. Because of this, an investigation should

be started into possible new and unknown fish viruses in marine

fish and invertebrates which may pose a threat to successful

mariculture of salmonids.
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15. Since no epizootiological evidence was found to support the con-

cept of East Lake Eastern brook trout being infected by IPN

virus, the use of this population of fish should be reconsidered.

In addition to more samples being obtained, test lots of eggs

from East Lake fish should be taken and incubated in the labora-

tory and any mortalities should be carefully tested.
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SUMMARY AND CONCLUSIONS

1. A total of 9,875 fish from 18 hatcheries and 27 lakes and rivers

were tested for fish viruses. The samples were received in the

laboratory as 166 groups of 1, 233 pooled samples. Fish viruses

were isolated from 27 groups of samples.

2. IPN virus was isolated from eight sites and IHN virus was iso-

lated from six sites. The geographic distribution of each of

these viruses in Oregon is as follows: IHN virus has been found

in the Deschutes, Elk, and Willamette River watersheds: 1PN

virus has been found in the Willamette, Columbia, Deschutes,

and Klamath River watersheds.

3. No virus isolation or serological evidence was found that impli-

cated East Lake as a sourve of IPN virus.

4. Infectious pancreatic necrosis virus was responsible for an

epizootic among East Lake Eastern brook trout fry in 1974 at

Wizard Falls Hatchery. There was epizootiological evidence

that the hatchery was successfully sanitized after this epizootic,

and that the cause of the 1975 epizootic was not virus which had

survived the sanitation procedures.

5. An IPN virus isolate from asymptomatic East Lake brown trout

fry at Fort Klamath Hatchery was not serologically related to

the WF-74 isolate which was also from East Lake stock.
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6. The validity of a single isolate of IPN virus from the rainbow

trout broodstock at Roaring River Hatchery was confirmed by

an epizootiological comparison of the Oregon IPN isolates.

7. Fall River Hatchery was successfully reactivated after disinfec-

tion procedures after the 1 973 IPN epizootic. No virus has been

isolated after two years of operation.

8. In 1975, a double-infection of IPN and 1HN viruses was found

in rainbow trout fry dying in an epizootic at Wizard Falls

Hatchery. This was the first reported case of double-infection

by the fish viruses.

9. Little Cultus Lake was free from fish viruses and functioned

successfully for two years as a source of virus-free Eastern

brook trout eggs.

10. Sparks Lake and Cache Lake contain fish which are carriers of

IPN virus. No virus was isolated from 24 other lakes and

rivers.

11. Infectious hematopoietic necrosis virus was isolated from fry

dying in an epizootic at Round Butte Hatchery in 1975. The

following year the adults being spawned were found to be car-

riers, and their progeny succumbed to another epizootic the

same year. Infectious hematopoietic necrosis virus will likely

continue as a limiting factor in the culture of steelhead trout

at this facility.
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12. Kokanee salmon spawning in the Metolius River above Wizard

Falls Hatchery were found to be carriers of IHN virus. This

population of carriers poses a threat of reinfection of this

hatchery, and to the successful disinfection of Round Butte

Hatchery.

13. The distribution of the fish viruses was extended into the coastal

waterways of Oregon for the first time by the isolation of IHN

virus from spawning chinook salmon at Elk River Hatchery.

14. Virus or circulating antibody against the fish viruses were not

found in a group of adult trout taken from the effluent settling

pond at Wizard Falls Hatchery. Since these fish had been ex-

posed to waterborne IPN and IHN virus, this may mean that

adult fish are refractory to the fish viruses by this route.

15. In a serological comparison of IPN isolates, 100% endpoint

titers were too variable for use: 5G% endpoint titers were less

variable and were used.

16. From an examination of antigenic relationships by r value

determination, only one serotype of IPN virus was found in

Oregon. Within the single serotype, considerable antigenic

variation occurred.

17. The 1974 and 1975 Wizard Fails IPN isolates had separate

origins. Both by r values and t-tests, the WF-75 isolate was

identical to the RRH isolate from Roaring River.
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18. By the t-test comparison, the source of the infection of the

1973 Fall River Hatchery epizootic was demonstrated to be

Elk Lake.

19. There was great antigenic similarity between the Willamette

Valley IPN isolates, which indicated a local source of infection

of the ODFW Research Laboratory, Corvallis.

20. A second antigenic group of IPN isolates could be formed by the

isolates from the Deschutes River drainage. The close rela-

tionship between these isolates and VR-299 indicated that these

isolates might have been derived from the original strain of

IPN virus introduced into Oregon.

21. The disinfection procedures followed at all hatcheries affected

by IPN virus has been successful in eliminating that virus from

those facilities.

22. The selection of virus-free egg sources and disinfection of

contaminated facilities resulted in no isolations of IPN virus

during the fall of 1975 and winter of 1976.

23. Recommendations for detection, prevention and control of

these two viruses in Oregon salmonids are given.



1 25

BIBLIOGRAPHY

Amend, Donald F. 1970. Control of infectious hematopoietic necrosis
virus disease by elevating the water temperature. Journal of
the Fisheries Research Board of Canada 27:265-270.

1974. Infectious hematopoietic necrosis (IHN) virus
disease. Fish and Wildlife Service FDL-39. 6p.

1975. Detection and transmission of infectious
hematopoietic necrosis virus in rainbow trout. Journal of
Wildlife Diseases 11 :471 -478.

1976. Prevention and control of viral diseases of
salmonids. Journal of the Fisheries Research Board of Canada
33:1059 -1066.

Amend, Donald F. and Velma C. Chambers. 1 970. Morphology of
certain viruses of salmonid fishes. I. In vitro studies of some
viruses causing hematopoietic necrosis. Journal of the Fisher-
ies Research Board of Canada 27:1 285-1 293.

Amend, Donald F. and John P. Pietsch. 1972. Virucidal activity
of two iodophors to salmonid viruses. Journal of the Fisheries
Research Board of Canada 29:61-65.

Amend, Donald F. and Lynwood Smith. 1974. Pathophysiology of
infectious hematopoietic necrosis virus disease in rainbow trout
(Salmo gairdneri): early changes in blood and aspects of the
immune response after injection of IHN virus. Journal of the
Fisheries Research Board of Canada 31:1371-1378.

Amend, Donald F. and Lynwood Smith. 1 975. Pathophysiology of
infectious hematopoietic necrosis virus disease in rainbow
trout: hematological and blood chemical changes in moribund
fish. Infection and Immunity 11:171-179.

Amend, Donald F. and Gary A. Wedemeyer. 1970. Approved pro-
cedure for determining absence of infectious pancreatic necrosis
(IPN) virus in certain fish and fish products. Bureau of Sport
Fisheries and Wildlife FDL-27. 4p.

Amend, Donald F. , W. T. Yasutake, and R. W. Mead. 1969. A

hematopoietic virus disease of rainbow trout and sockeye



126

salmon. Transactions of the American Fisheries Society 98:
796-804.

Archetti, I. and F. L. Horsfall. 1950. Persistent antigen.c variation
of influenza A viruses after incomplete neutralization in ovo
with heterologous immune serum. Journal of Experimental
Medicine 92 :441 -462.

Argot, J. 1969. Infectious pancreatic necrosis virus intracellular
replication. Ph. D. dissertation. Lehigh University,
Bethlehem, Pennsylvania.

Ball, H. J. , A. L. S. Munro, A. Ellis, K. G. R. Elson, W. Hodgkiss,
and I. S. McFarlane. 1971. IPN in rainbow trout in Scotland,
Nature 234:417 -418.

Besse, P. and P. deKinkelin. 1965. Sur P existence en France de la
necrose pancreatique de la truite arc-en-ciel (Salmo gairdneri).
Bulletin de la Academie Veterinaire Francais 38:185-190.

Bussereau, F. and P. deKinkelin. 1972. Essai d'inoculation de
rhabdovirus de poissons dans prcjsLophilarriela.gaster. Compte
Rendu de l'Academie des Sciences de Paris (SerieD) 275 :2179
2182.

Bussereau, F. , P. deKinkelin, and Monique LeBerre. 1975. Infec-
tivity of fish rhabdoviruses for Drosophila tnela.nogELster.
Annales de Microbiologie (Insitute Pasteur) 126A :389 -395.

Cerini, C. P. and R. G. Malsberger. 1965. Morphology of infec-
tious pancreatic necrosis virus. Annals of the New York Acad-
emy of Sciences 126:315 -319.

Clark, H. Fred and Elvira Z. Soriano. 1973. Fish rhabdovirus
replication in non-piscine cell culture: New system for the
study of rhabdovirus-cell interaction in which the virus and
cell have different temperature optima. Infection and Immunity
10:180-188.

Cohen, J. and G. Lenoir. 1975. Ultrastructure et morphologie de
quatre rhabdovirus de poissons. Annales de la Recherche
Veterinaires 5:443-450.



127

Cohen, J. , A. Poinsard, and R. Scherrer. 1973. Physico-chemical
and morphological features of infectious pancreatic necrosis
virus. Journal of General Virology 21:485-498.

Cohen, J. and R. Scherrer. 1972. Structure de la capside du virus
de la necrose pancreatique infectieuse (NPI) de la truite.
Cornpte Rendu de l'Academie des Sciences de Paris (Serie D)
274:1222-1225.

Cohen, J. and R. Scherrer. 1974. Le virus de la necrose pancrea-
tique infectieuse. 1. Purification et structure de la capside.
Annales de Recherche Veterinaire 5:87-100.

Cooke Engineering Company. 1965. Microtiter Instruction Manual,
3rd edition. Cooke Engineering Company, Alexandria,
Virginia. 38p.

Darlington, R. W. , R. Trafford, and K. Wolf. 1972. Fish rhabdo-
viruses: morphology and ultrastructure of North American
salmonid isolates. Archiv fur die gesamte Virusforschung 39:
257-264.

DeKinkelin, P. and Monique LeBerre. 1974. Necrose hematopoie-
tique infectieuse des salrnonides: production d' interferon
circulant induite apres P infection experimentale de la truite
arc-en-ciel (Salmo gairdneri). Compte Rendu de P Academie
des Sciences de Paris (Serie D) 279:445-448.

Desautels, D. and R. M. MacKelvie. 1975. Practical aspects of
survival and destruction of infectious pancreatic necrosis virus.
Journal of the Fisheries Research Board of Canada 32:523-531.

Dulbecco, R. and M. Vogt. 1954. Plaque formation and isolation
of pure lines with poliomyelitis virus. Journal of Experimental
Medicine 99:167-182.

Eagle, Harry. 1959. Amino acid metabolism in mammalian cell
cultures. Science 130:432-437.

Earle, W. R. 1943. Production of malignancy in vitro. IV. The
mouse fibroblast culture and changes seen in the living cells.
Journal of the National Cancer Institute 4:165-212.

Eskildsen, U. K. and P. E. Vestergard Jorgensen. 1974. Iodophors
as disinfectants in fish culture (Iodophorer som desinfektions



128

middel i dambrugene). Ferskvandsfiskeribladet 72. Argand
Nr. 12.

Fijan, N. 1974. Zarazna nekroza gusterace pastrva: prvi nalaz
virusa u Jugoslaviji. Veterinarski Arhiv, Zagreb, Knjiga 44/
1974 svezak 7-8:187-192.

Finlay, J. and B. J. Hill. 1975. The use of the complement fixation
test for rapid typing of infectious pancreatic necrosis virus.
Aquaculture 5:305-310.

Fish Health Section, American Fisheries Society. 1975. Suggested
procedures for the detection and identification of certain infec-
tious diseases of fishes. Washington, D. C. , U. S. Fish and
Wildlife Service. Various paging.

Frantsi, C. and M. Sayan. 1971. Infectious pancreatic necrosis
virus-Temperature and age factors in mortality. Journal of
Wildlife Diseases 7:249-255.

Fryer, John L. 1964. Methods for the in vitro cultivation of cells
from the tissues of salmonid fishes. Doctoral dissertation.
Corvallis, Oregon State University. 198 numb. leaves.

Fryer, John L. , Alexander Yusha, and K. S. Pilcher. 1965. The
in vitro cultivation of tissues and cells of Pacific salmon and
steelhead trout. Annals of the New York Academy of Sciences
126:566-586.

Goldman, M. 1968. Fluorescent Antibody Methods. Academic
Press, New York. 303 pages.

Grauballe, P. C. 1972. Infektios pankreansnekrose. En ny virussyg-
dom I Denmark hos laksefisk. Diagnostiske og aetiologiske
undersogelser. Licentratafhandling Den Kg1. Veterinaer og
Landbohojskote, Kobenhavn. 63 p.

Green, R. H. and E. M. Opton. 1959. Photosensitization of tissue
culture cells and its effect on viral plaque formation. Proceed-
ings of the Society for Experimental Biology and Medicine. 102:
519-521.

Grischkowsky, Roger S. and Donald F. Amend. 1976. Infectious
hematopoietic necrosis virus: Prevalence in certain Alaskan
Sockeye Salmon, Oncorhynchus nerka. Journal of the Fisheries
Research Board of Canada 33:186-188.



1 29

Grischkowsky, Roger S. and Patricia Roppel. 1976. Alaska Depart-
ment of Fish and Wildlife, Anchorage, Alaska. Personal
communication, October 26.

Guenther, R. W. , S. W. Watson, and R. R. Rucker. 1959. Etiology
of Sockeye Salmon "Virus" Disease. U. S. Department of the
Interior, Special Scientific Report (Fisheries) No. 292. 10 p.

Hill, B. J. , B. 0. Underwood, C. J. Smale, and F. Brown. Physio-
chemical and serological characterization of five rhabdoviruses
infecting fish. Journal of General Virology 27:369-378.

Holway, J. E. and C. E. Smith. 1973. Infectious hematopoietic
necrosis of rainbow trout in Montana: A case report. Journal
of Wildlife Disease 9: 287 290.

Kaplan, M. M. , D. J. Giard, W. A. Blattner, A. S. Lubiniecki, and
J. F. Fraumeni, Jr. 1975. An improved method of fixation
for immunofluorescent detection of SV-40 T-antigen in infected
human fibroblasts. Proceedings of the Society for Experimental
Biology and Medicine 148:660-664.

Kelly, Russell K. and Philip C. Loh. 1975. Replication of IPN
virus: A cytochemical and biochemical study in SWT cells.
Proceedings of the Society for Experimental Biology and
Medicine 148:688-693.

Lenoir, a and P. deKinkelin. 1975. Fish rhabdoviruses: Compara-
tive study of protein structure. Journal of Virology 16:259-267.

Lientz, Joseph C. and Jerry E. Springer. 1969. Morphological
characteristics of infectious pancreatic necrosis virus in trout
pancreatic tissue. Journal of the Fisheries Research Board
of Canada 26:2247-2250.

Ljungberg, 0. and P. E. Vestergard Jorgensen. 1972. Infectious
pancreatic necrosis of salmon In Swedish Fish Farms.
Food and Agriculture Organization, European Inland Fishery
Advisory Commission Technical Paper No. 17, Supplement 2:
67-70.

Loh, P. C. , M. H. Lee and R. K. Kelly. 1974. The polypeptides
of infectious pancreatic necrosis virus. Journal of General
Virology 22 :421 -423.



130

MacDonald, R. D. and T. Yamamoto. 1976. The structure of IPN
virus RNA. Abstract in: Canadian Federation of Biological
Societies Programme and Proceedings of the 19th Annual
Meeting. Volume 19. Abstract No. 359, page 90.

MacKelvie, R. M. and H. Artsob. 1969. Infectious pancreatic
necrosis virus in young salmonids of the Canpdian Maritime
provinces. Journal of the Fisheries Research Board of Canada
26:3259-3262.

MacKelvie, R. M. and Denise Desautels. 1975. Fish viruses sur-
vival and inactivation of infectious pancreatic necrosis virus.
Journal of the Fisheries Research Board of Canada 32 :1267-
1 273.

Malsberger, R. G. and C. P. Cerini, 1963. Characteristics of
infectious pancreatic necrosis virus. Journal of Bacteriology.
86 :1 283 -1 287.

McAllister, P. E. and R. R. Wagner. 1975. Structural proteins of
two salmonid Rhabdoviruses. Journal of Virology 15:733-738.

McAllister, P. E. and K. S. Pilcher. 1974. Autointerference in
infectious hematopoietic necrosis virus of salmonid fish. Pro-
ceedings of the Society for Experimental Biology and Medicine
145:840-844.

McCain, Bruce B. 1970. The Oregon sockeye salmon virus: A,

biophysical and biochemical characteristics B. Antigenic
relationship to two other salmonid viruses, Doctoral Disser-
tation. Corvallis, Oregon state University, 145 numb. leaves.

McCain, B. B. J. L. Fryer and K. S. Pilcher. 1 971. Antigenic
relationships in a group of three viruses of salmonid fish by
cross neutralization. Proceedings of the Society for Experi-
mental Biology and Medicine 137:1042-1046.

McMichael, John S. 1974. The isolation, comparison and attenua-
tion of several viruses infecting Oregon salmonids. Doctoral
dissertation. Corvallis, Oregon State University. 116 numb.
leaves.

McMichael, John S. , J. L. Fryer and K. S. Pilcher. 1 975. An anti-
genic comparison of three strains of infectious pancreatic
necrosis virus of salmonid fishes, Aquaculture 6: 203 21 0,



131
Gonigle, R. H. 1940. Acute catarrhal enter itis of salmonid finger-

lings. Transactions of the American Fisheries Society 70:297-303.

Merchant, Donald J. , Raymond H. Kahn, and William H. Murphy.
1964. Handbook of cell and organ culture. Burgess,
Minneapolis. 263 p.

Moss, L. Howard and Mareth Graven- 1968. Morphology of infectious
pancreatic necrosis virus. Bacteriological Proceedings 104:162.

Mulcahy, D. M. and J. L. Fryer. 1976. Double infection of rainbow
trout fry with IHN and IPN viruses. Fish Health 5:5-6.

Nicholson, B. L. 1971. Effect of Actinomycin D on the multiplication
of the infectious pancreatic necrosis virus of trout. Experentia
27:1362-1363.

1971. Macromolecular synthesis in R TG-2 cells
following infection with infectious pancreatic necrosis virus.
Journal of General Virology 13:369 -372.

Nicholson, Bruce L. and James Dunn. 1974. Homologous viral inter-
ference in trout and Atlantic Salmon Cell Cultures infected with
infectious pancreatic necrosis virus. Journal of Virology 14: 180-
182.

Ossiander, F. J. and G. Wedemeyer. 1973. Computer program for
sample sizes required to determine disease incidence in fish popu-
lations. Journal of the Fisheries Research Board of Canada. 30:
1383-1384.

Parisot, Thomas J. and John Pelnar, 1962. An interim report on
Sacramento River chinook disease: A virus-like disease of
chinook salmon. Progressive Fish Culturist 22:51-55.

Parisot, Thomas J. , William T. Yasutake and Vernon Bressler. 1963.
A new geographic and host record for infectious pancreatic
necrosis. Transactions of the American. Fisheries Society 92:
63-66.

Parisot, Thomas J. , William T. Yasutake and G. W. Klontz. 1965.
Virus diseases of the salmonids in western United States. I.

Etiology and epizootiology. Annals of the New York Academy
of Science 1 26:502-519.

Piper, Donald, Bruce L. Nicholson and James Dunn. 1973. Immuno-
fluorescent study of the replication of infectious pancreatic
necrosis virus in trout and Atlantic salmon cell cultures. In-
fection and Immunity 8:249-254.



132

Plumb, J. A. and K. Wolf. 1971. Fish cell growth rates. In Vitro
7:42 -45.

Plumb, J. A. 1972. A virus-caused epizootic of rainbow trout
(Salmo gairdneri) in Minnesota. Transactions of the American
Fisheries Society 101:1 21 -1 23.

Reed, L. J. and H. Muench, 1938. A simple method of estimating
fifty percent endpoints. American Journal of Hygiene 27:493-
497.

Rovozzo, G. C. and C. N. Burke. 1973. A manual of basic virolog-
ical techniques. Prentice-Hall, inc. , Englewood Cliffs. 287 p.

Rucker, R. R. W. J. Whipple, J. R. Parvin, and C. A. Evans.
1953. A Contagious Disease of Salmon Possibly of Virus Origin.
Fish and Wildlife Service, Fishery Bulletin 76:35-46.

Sano, T. 1971. Studies on viral disease of Japanese fishes. I.

Infectious pancreatic necrosis of rainbow trout: first isolation
from epizootics in Japan. Bulletin of the Japanese Society of
Scientific Fisheries 37:495-498.

1973. Studies on viral diseases of Japanese fishes. IV.
Infectious pancreatic necrosis of rainbow trout: susceptibility
of fresh water salmons of genus Onc....orhyLic'hus. Bulletin of
the Japanese Society of Scientific Fisheries 39:117.

1976. Viral diseases of cultured fishes in Japan. Fish
Pathology 10:221-226.

Sano, T. and T. Yamazaki. 1973. Studies on viral diseases of
Japanese fishes. V. Infectious pancreatic necrosis of Amago
trout. Bulletin of the Japanese Society of Scientific Fisheries

39:477 -480.

Scherrer, R. 1973. Infectious pancreatic necrosis of salmonidae.
Food and Agriculture Organization, European Inland Fishery
Advisory Commission Technical Paper No. 17, Supplement 2:
51 -58.

Snedecor, G. W. and W. G. Cochran. 1967. Statistical Methods.
Iowa State Press, Ames. 593 p.



133

Snieszko, Stanislas F. and K. Wolf. 1958. Infectious pancreatic
necrosis of salmonid fishes (acute catarrhal enterities). Bureau

of Sport Fishery and Wildlife, Fishery Leaflet 453, 3 p.

Snieszko, S. F. K. Wolf, J. E. Camper and L. L. Pettijohn. 1959.
Transactions of the American Fisheries Society 88:289-293.

Sonstegard, R. A. and L. A. McDermott, 1972. Epidemiological
model for passive transfer of IPNV by homeotherms. Nature
237:104-1 05.

Sonstegard, R. A. L. A. McDermott, and Karen S. Sonstegard.
1972. Isolation of infectious pancreatic necrosis virus from
white suckers (Gatos tomus commersoni). Nature 236:174-175.

Stroud, Richard. 1975. Veterinarian, Oregon State University,
Corvallis, Oregon. Personal communication. Corvallis,
Oregon. April 16.

Tebbit, Guy L. 1976. Viruses infecting salmonid fishes from
Oregon. A. The occurrence and distribution of infectious
pancreatic necrosis virus. B. The development of an attenu-

ated strain of infectious hematopoietic necrosis virus for the
immunization of salmonids. Doctoral dissertation. Corvallis,
Oregon State University. 81 numb, leaves.

Tu, Kuen-Ching, R. S. Spendlove, and Ron Goede. 1974. Immuno-
fluorescent cell assay of infectious pancreatic necrosis virus.
Applied Microbiology 593 599.

1975. Effect
of temperature on survival and growth of infectious pancreatic
necrosis virus. Infection and Immunity 11:1409-1412.

Vestergard Jorgensen, P. E. 1972. Freund's adjura.nts Their
influence on the specificity of viral antisera. Acta Pathologica
Microbiologica Scandinaviaca, Section B 80:931-933.

1972. Egtved virus: antigenic yraria-
tion in 76 virus isolates examined in neutralization tests
and by means of the fluorescent antibody technique. Symposium
of the Zoological Society of London No. 30:333-340.



134

Vestergard Jorgensen, P. E. 1974. A study of viral diseases in
Danish rainbow trout, their diagnosis and control. A/S Carl
Fr. Mortensen, Copenhagen. 101p.

Vestergard Jorgensen, P. E. and P. C. Grauballe. Problems in the
serological typing of IPN virus. Acta Veterinaria Scandinavica
12:145-147.

Vestergard Jorgensen, P. E. and N. P. Kehlet. 1971. Infectious
pancreatic necrosis (IPN) viruses in Danish rainbow trout:
their serological and pathogenic properties. Nordisk Veterinaer
Medecin 23:568-575.

Vestergard Jorgensen, P. E. and A. Meyling. 1972. Egtved virus:
demonstration of virus antigen by the fluorescent antibody
technique in tissues of rainbow trout affected by viral haemor-
rhagic septicaemia and in cell cultur infected with Egtved
virus. Archiv fur die gesamte Virusforshung 36:115-122.

Watson, Stanley W. , R. W. Guenther, R. R. Rucker. 1954. A virus
disease of sockeye salmon: interim report. Fish and Wildlife
Service Special Science Report 138. 36p.

Wingfield, William H. 1968. Characterization of the Oregon sockeye
salmon virus. Doctoral dissertation. Corvallis, Oregon State
University. 110p.

Wingfield, W. H. , J. L. Fryer, K. S. Pilcher. 1969. Properties
of the sockeye salmon virus (Oregon strain). Proceedings of
the Society for Experimental Biology and Medicine 130:1055-
1059.

Winton, James. 1976. Graduate student, Oregon State University,
Corvallis, Oregon. Personal communication. July 14.

Wolf, K. E. 1966. The fish viruses. Advances in Virus Research
12:35-41.

1966. Infectious pancreatic necrosis (IPN) of salmonid
fishes. Bureau of Sport Fisheries and Wildlife FDL-1. 4p.

1970. Guidelines for virological examination of fishes.
In A symposium on diseases of fishes and shellfishes. S. F.
Snieszko (ed. ). American Fisheries Society Special Publication
No. 5. p. 327-340.



135

Wolf, K. E. 1972. Advances in fish virology: a review 1966-1971,
Symposium of the Zoological Society of London No. 5. p. 305-
331.

1976. Fish viral diseases in North America, 1971-1975,
and recent research of the Eastern Fish Disease Laboratory,
U. S. A. Fish Pathology 10:135-154.

Wolf, K. E. , G. L. Bullock, C. E. Dunbar, and M. C. Quimby.
1969. Viral diseases of freshwater fishes and other lower
vertebrates. Bureau of Sport Fishery and Wildlife. Progress
in Sport Fishery Research 1968, p. 136-141.

Wolf, K. E. , C. E. Dunbar, and E. A. Pyle. 1961. Infectious pan-
creatic necrosis of trout. II. Experimental infections with
brook trout. Progressive Fish Culturist 23:61 -65.

Wolf, K. E. , and Lyle L. Pettijohn. 1970. Infectious pancreatic
necrosis virus isolated from coho salmon fingerlings. Progres-
sive Fish Culturist 32:17-18.

Wolf, K. E. and M. C. Quimby. 1967. Infectious pancreatic necrosis
(IPN), its diagnosis, identification, detection, and control.
Rivista Italiana di Piscicoltura e Ittiopatologia 2:76-84.

1971. Salmonid viruses: infectious
pancreatic necrosis virus: morphology, pathology and serology
of first European isolations. Archiv fur die gesamte Virus-
forschung 34:144-156.

Wolf, K. E. , M. C. Quimby, L. L. Pettijohn, and M. L. Landolt,
1973. Fish viruses: isolation and identification of infectious
hematopoietic necrosis in eastern North America. Journal of
the Fisheries Research Board of Canada 30:1625-1627.

Wolf, K. E. , S. F. Snieszko, C. E. Dunbar, and E. A. Pyle 1960,
Virus nature of infectious pancreatic necrosis in trout. Pro-
ceedings of the Society for Experimental Biology and Medicine
104 :105 -1 08.

Wolf, K, E. and P. E. Vestergard Jorgensen. 1970. Salmonid
viruses: double infection of R'I'G -2 cells with Egtved and infec-
tious pancreatic necrosis viruses. Archiv fur die gesamte
Virusfors chung 29:337-342.



136

Wood, E. M. , S. F. Snieszko, and W. T. Yasutake. 1955. Infectious
pancreatic necrosis in brook trout. American Medical Associa-
tion Archives of Pathology 60:26-28.

Yamamoto, T. 1975. Infectious pancreatic necrosis virus and bac-
terial kidney disease appearing concurrently in populations of
Salmo gLeri and Salvelinus fontinalis. Journal of the Fish-
eries Research Board of Canada 32:92-95.

1974. Infectious pancreatic necrosis virus occur-
rence at a hatchery in Alberta. Journal of the Fisheries Re-
search Board of Canada 31:397-402,

Yasutake, William T. and Donald F. Amend. 1972. Some aspects
of pathogenesis of infectious hematopoietic necrosis (IHN).
Journal of Fish Biology 4!261-264.

Yasutake, William T. , T. J. Parisot, and G. W. Klontz, 1965.
Virus diseases of the Salmonidae in western United States.
II. Aspects of pathogenesis. Annals of the New York Academy
of Science 126:520-530.



APPENDICES



APPENDIX 1. The 100% endpoint reciprocal cross-neutralization titers of the IPN virus isolates.

WF- 75 WF-74 Coho VR-299 FRH GCL Fish L.

WF -75 2048 4096 4096 16384 4096 2048 2048

2048 16384 2048 8192 4096 2048 4096

2048 8192 1024 8192 8192 4096 4096

1024 8192 1024 4096 4096 8192 4096

2048 2048 1024 8192 8192 2048 4096

1024 4096 2048 4096 8192 2048 2048

WF-74 4096 8192 4096 8192 16384 2048 4096

8192 8192 1024 16384 8192 4096 8192

4096 8192 2048 8192 16384 8192 4096

4096 8192 1024 8192 8192 4096 8192

4096 8192 4096 8192 8192 4096 4096

4096 4096 4096 8192 16384 2048 4096

Coho 4096 4096 1024 4096 8192 8192 2048

2048 4096 1024 4096 4096 4096 4096

1024 8192 2048 2048 8192 4096 8192

1024 8192 1024 2048 8192 2048 2048

4096 8192 2048 2048 4096 8192 2048

2048 4096 2048 4096 4096 4096 4096

VR-299 4096 4096 2048 4096 4096 4096 4096

2048 8192 4096 8192 4096 8192 4096

2048 8192 2048 4096 8192 4096 4096

2048 8192 4096 8192 8192 4096 2048

4096 4096 2048 4096 8192 8192 4096

4096 4096 4096 8192 8192 8192 8192

GCL

Fish L.

4096 4096 2048 16384 16384 2048 2048

4096 8192 1024 16384 4096 4096 4096

2048 16384 4096 16384 4096 2048 4096

2048 8192 2048 4096 8192 2048 4096

2048 8192 1024 4096 8192 2048 8192

2048 4096 2048 8192 4096 4096 8192

2048 8192 1024 16384 8192 4096 4096

4096 4096 2048 8192 8192 2048 2048

4096 16384 2048 8192 8192 1024 2048

4096 4096 2048 8192 8192 2048 4096

2048 4096 1024 4096 16384 2048 2048

2048 4096 2048 2048 8192 4096 4096

4096 4096 2048 4096 8192 2048 2048

4096 4096 1024 4096 8192 1024 2048

2048 4096 2048 8192 4096 2048 4096

2048 4096 2048 4096 4096 2048 2048

2048 2048 1024 8192 16384 2048 4096

1024 2048 1024 4096 16384 2048 4096
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APPENDIX 1. ( Continued )

Sparks L.

RRH

RBH

Lava L.

FKH

CTT

WF- 75 WF- 74 C oho VR-299 FRH GCL Fish L.

8192 4096 4096 4096 4096 4096 4096

4096 8192 2048 8192 4096 1024 2048

1024 4096 2048 1024 8192 4096 8192

4096 4096 2048 2048 4096 2048 8192

2048 2048 1024 4096 4096 1024 2048

8192 4096 4096 4096 8192 2048 4096

4096 4096 4096 4096 4096 2048 4096

2048 4096 2048 4096 4096 1024 2048

1024 2048 1024 8192 4096 2048 2048

4096 4096 2048 2048 8192 1024 2048

2048 2048 4096 4096 4096 1024 4096

2048 2048 2048 4096 4096 2048 8192

4096 8192 1024 8192 4096 1024 4096

4096 4096 2048 8192 4096 1024 2048

4096 2048 4096 4096 2048 4096 2048

4096 4096 2048 4096 4096 2048 2048

1024 4096 2048 4096 2048 2048 8192

2048 4096 1024 2048 2048 2048 4096

2048 4096 2048 4096 8192 512 2048

2048 4096 2048 4096 4096 1024 4096

8192 8192 2048 8192 4096 1024 2048

4096 4096 2048 4096 8192 4096 8192

2048 2048 1024 4096 8192 2048 8192

4096 4096 4096 4096 8192 2048 4096

2048 4096 1024 4096 4096 2048 2048

1024 8192 4096 4096 4096 2048 1024

2048 4096 1024 2048 4096 1024 4096

2048 4096 2048 4096 4096 2048 4096

2048 2048 2048 2048 4096 1024 8192

1024 4096 2048 2048 8192 2048 4096

2048 2048 2048 16384 16384 4096 4096

4096 4096 2048 16384 16384 2048 4096

4096 4096 4096 8192 8192 2048 2048

4096 4096 2048 16384 2048 1024 4096

2048 4096 4096 4096 8192 4096 4096

2048 8192 2048 16384 16384 2048 8192
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APPENDIX 1. (Continued)

Elk L.

WF-75 WF-74 Coho VR-299 FRH GCL Fish L.

8192 2048 4096 16384 16384 4096 8192

4096 2048 2048 8192 16384 2048 8192

4096 2048 2048 8192 4096 4096 4096

4096 2048 2048 8192 4096 2048 2048

2048 8192 2048 8192 16384 2048 2048

4096 4096 2048 4096 4096 2048 4096

Sparks L RRH RBH Lava L. FKH CTT Elk L.

WF-75 8192 2048 16384 32768 8192 2048 4096

8192 1024 8192 16384 16384 4096 8192

16384 2048 16384 32768 8192 2048 4096

8192 4096 4096 32768 32768 4096 8192

8192 2048 8192 16384 8192 4096 8192

4096 4096 16384 16384 4096 2048 2048

WF -74 8192 4096 8192 8192 8192 4096 16384

8192 4096 8192 16384 8192 4096 16384

16384 4096 4096 16384 8192 4096 8192

8192 4096 8192 16384 16384 2048 16384

16384 4096 16384 16384 16384 2048 8192

8192 4096 8192 8192 16384 2048 4096

Coho 16384 2048 8192 8192 8192 1024 16384

8192 1024 4096 16384 8192 1024 4096

8192 2048 4096 16384 16384 2048 4096

16384 4096 8192 8192 16384 2048 2048

8192 4096 8192 16384 2048 1024 4096

8192 8192 2048 8192 8192 1024 8192

VP.-299 2048 2048 16384 16384 16384 4096 8192

4096 2048 8192 32768 8192 4096 8192

16384 2048 4096 16384 8192 2048 4096

8192 4096 16384 8192 8192 2048 4096

8192 4096 8192 16384 4995 2048 8192

8192 8192 8192 16384 16384 4096 8192

FRH 8192 1024 4096 8192 16384 4096 4096

8192 1024 8192 16384 16384 4046 4096

16384 4096 8192 16384 16384 4096 8192

16384 4096 4096 16384 16384 2048 4096

32768 4096 4096 8192 8192 4096 4096

16384 8192 8192 16384 8192 2048 8192
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APPENDIX 1. ( Continued )

GCL

Fish L.

Sparks L.

RRH

RBH

Lava L

Sparks L. RRH RBH La va L F RH CTT Elk L.

8192 2048 4096 16384 8192 4096 4096

8192 2048 4096 4096 8192 2048 8192

8192 4096 2048 16384 4096 4096 4096

16384 4096 2048 32768 4096 4096 8192

16384 4096 8192 8192 4096 2048 8192

16384 8192 4096 16384 16384 2048 8192

4096 2048 8192 8192 8192 2048 4096

4096 2048 8192 4096 8192 1024 2048

16384 4096 4096 16384 8192 2048 8192

16384 4096 2048 32768 8192 2048 4096

8192 4096 8192 8192 8192 2048 2048

8192 4096 4096 16384 8192 2048 8192

8192 2048 2048 8192 8192 2048 4096

8192 2048 8192 16384 8192 2048 2048

16384 2048 2048 8192 8192 2048 4096

8192 4096 4096 16384 4096 4096 4096

8192 4096 8192 16384 4096 4096 4096

8192 2048 8192 32768 2048 4096 2048

8192 2048 16384 8192 8192 4096 16384

16384 1024 4096 16384 8192 1024 4096

4096 4096 4096 16384 8192 2048 8192

4096 2048 4096 32768 8192 1024 8192

8192 2048 8192 16384 16384 2048 4096

8192 2048 16384 32768 8192 2048 2048

16384 1024 16384 65536 8192 4096 4096

16384 1024 4096 32768 8192 1024 8192

8192 4096 16384 65536 16384 2048 4096

8192 4096 4096 32768 8192 2048 8192

16384 16384 8192 32768 16384 4096 2048

8192 4096 8192 65536 4096 4096 4096

16384 2048 8192 32768 4096 2048 16384

8192 2048 8192 32768 8192 2048 4096

16384 4096 4096 32768 16384 2048 4096

4096 4096 8192 16384 16384 4096 8192

16384 4096 16384 32768 16384 2048 4096

16384 4096 8192 32768 32768 2048 2048
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APPENDIX 1. (Continued)

FKH

CTT

Elk L.

Sparks L RRH RBH Lava L FRH CTT Elk L.

16384 1024 4096 16384 8192 2048 4096

16384 1024 4096 16384 8192 4096 8192

4096 2048 8192 16384 8192 2048 2048

16384 1024 8192 16384 16384 4096 4096

16384 2048 2048 32768 16384 1024 2048

8192 2048 4096 32768 4096 2048 2048

16384 1024 8192 16384 8192 4096 32768

16384 2048 8192 32768 16384 4096 32768

16384 4096 2048 16384 8192 2048 32768

16384 2048 4096 32768 16384 4096 16384

8192 4096 4096 32768 8192 2048 8192

8192 8192 8192 32768 8192 2048 32768

8192 2048 4096 32768 8192 2048 16384

8192 1024 4096 32768 4096 4096 8192

8192 4096 8192 16384 4096 2048 8192

8192 2048 8192 8192 8192 4096 16384

8192 4096 4096 16384 4096 2048 8192

2048 2048 16384 16384 4096 2048 8192
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APPENDIX 2. The 50% endpoint reciprocal cross-neutralization titers of the IPN virus isolates.

WT- 75

WF-75 WF-74 Coho VR-299 FRH GCL Fish L.

2896 8192 4096 16384 5793 2896 4096

2048 11585 1448 8192 8192 8192 5793

2048 4096 2048 8192 11585 2896 4096

WP-74 8192 11585 2048 16384 16384 4096 8192

5793 11585 2048 11585 16384 8192 8192

5793 8192 4096 11585 16384 4096 5793

Coho 4096 5793 1448 5793 8192 8192 4096

1448 11585 2048 2896 11585 4096 8192

4096 8192 2896 4096 5793 8192 2896

VR-299 4096 8192 4096 8192 5793 8192 5793

2896 11585 4096 8192 11585 5793 4096

5793 5793 4096 8192 11585 11585 8192

FRH

GCL

Fish L.

Sparks L.

RRH

RBH

Lava L.

FKH

5793 8192 2048 23170 8192 4096 4096

2896 16384 4096 8192 8192 2896 5793

2896 8192 2048 8192 8192 4096 11585

4096 8192 2048 16384 11585 4096 4096

5793 8192 2896 11585 11585 2048 4096

2896 5793 2048 4096 16384 4096 4096

5793 5793 2048 5793 11585 2048 2896

2896 5793 2896 8192 5793 2896 4096

2048 2896 1448 8192 23170 2896 5793

8192 8192 4096 8192 5793 2048 4096

2048 5793 2896 2048 8192 4096 11585

4096 4096 2048 5793 8192 2048 4096

4096 5793 4096 5793 5793 2048 4096

2048 2896 2048 4096 8192 2048 2896

2896 4096 4096 5793 5793 2048 8192

5793 8192 2048 11585 5793 1448 4096

5793 4096 4096 5793 4096 4096 2896

2048 5793 2048 4096 2896 2896 8192

2896 8192 2896 5793 8192 1024 4096

8192 4096 2896 8192 8192 2048 4096

4096 5793 2048 5793 11585 2896 8192

2048 8192 2048 5793 5793 2896 2048

2896 5793 2048 4096 5793 2048 5793

2048 4096 2896 2896 8192 2048 8192
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APPENDIX 2. (Continued)

Elk L.

WF- 75 WF-74 Coho VR-299 FRH GCL Fish L.

4096 4096 2896 2 3170 2 3170 4096 5793

5793 5793 4096 16384 4096 2048 4096

2896 8192 4096 8192 16384 4096 8192

8192 2896 4096 16384 2 3170 4096 11585

5793 2896 2896 11585 5793 4096 4096

4096 8192 2896 8192 8192 2896 4096

Sparks L. RRH RBH Lava L. FKH CTT Elk L.

WF-75 11585 2048 16384 32768 16384 4096 8192

16384 4096 8192 46341 16384 4096 8192

8192 4096 16384 23170 8192 4096 4096

WF-74 11585 5793 11585 16384 11585 5793 23170

16384 5793 8192 2 3170 16384 4096 16384

16384 5793 16384 16384 23170 2896 8192

Coho 16384 2048 8192 16384 11585 1448 8192

16384 4096 8192 2 3170 23170 2896 4096

11585 8192 4096 11585 4096 1448 8192

VR-299 4096 2896 8192 16384 16384 5793 11585

16384 4096 16384 16384 11585 2896 5793

11585 8192 11585 23170 8192 4096 11585

FRH

CCL

Fish L.

Sparks L.

RRH

11585 1448 8192 16 384 2 3170 5793 5793

2 3170 5793 8192 23170 2 3170 4096 8192

32768 8192 8192 16 384 11585 4096 8192

11585 2896 5793 8192 11585 4096 8192

16384 5793 2896 32768 5793 5793 8192

23170 8192 8192 16 384 8192 2896 11585

5793 2896 11585 8192 11585 2048 4096

23170 5793 4096 32768 11585 2896 8192

11585 5793 8192 :, 6384 11585 2896 4096

11585 2896 4096 16384 11585 2896 4096

1 6384 4096 4096 16384 8192 4096 5793

11585 4096 11585 32768 4096 5793 4096

16384 2048 8192 16384 11585 2048 8192

5793 4096 5793 32768 11585 2048 11585

11585 2896 16384 32768 16384 2896 4096
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APPENDIX 2. (Continued)

RBH

Lava L

FKH

CTT

Elk L.

Sparks L. RRH RBH Lava L. FKH CTT Elk L.

2 3170 1448 8192 65536 11585 2048 8192

11585 5793 8192 65536 16384 2896 8192

16384 8192 11585 65536 8192 5793 4096

16384 2896 11585 46341 8192 2896 8192

8192 5793 8192 46341 2 3170 4096 8192

2 3170 5793 16384 32768 32768 2896 4096

2 3170 1448 5793 23170 11585 4096 8192

8192 2048 11585 23170 16384 4096 4096

16384 2896 4096 46341 8192 2048 2896

2 3170 2048 11585 32768 16384 5793 46341

2 3170 4096 4096 32768 16384 2896 32768

11585 8192 8192 46341 11585 4096 16384

11585 2048 5793 46341 8192 4096 16384

11585 4096 11585 16384 8192 4096 16384

4096 4096 8192 23170 5793 2896 11585
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