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The virulence of selected isolants of infectious hematopoietic
necrosis virus (IHNV) were differentiated and correlated with
electrophoretic mobilities of virion structural proteins by sodium
dodecylsulfate polyacrylamide gel electrophoresis.

A type 1

electropherotype of IHNV was more virulent for kokanee salmon
(Oncorhynchus nerka) and a type 2 strain more virulent for rainbow
trout (Oncorhynchus mykiss).

Viruses from the Columbia River basin

(electropherotypes 2 and 3) were more virulent for steelhead trout
(Oncorhynchus mykiss) and IHNV electropherotypes from southern
Oregon and California (type 3) were most virulent for chinook salmon
(Oncorhynchus tshawytscha).

Microscopic pathology induced by type 1

and 3 strains of IHNV in rainbow trout was less severe and involved
fewer tissues than that caused by a type 2 providing further
evidence that type 2 strains are more pathogenic for rainbow trout.

A fluorescent antibody test (FAT) was developed for the rapid
detection of IHNV.

The FAT was used for the detection of IHNV in

blood smears and organ imprints from clinically infected juveniles
and IHNV-infected cells in ovarian fluid from adult carriers.

The

test was equal in sensitivity to the plaque assay method and
required less time to obtain a definitive diagnosis.

Other sources

of virus examined included cells contained in the ovarian fluid (OF)
of sexually mature steelhead trout.

Ovarian fluid collected from

spawning steelhead trout determined to be virus-free tested viruspositive when reexamined post-spawning.

Results indicated that

cells free in OF allowed replication of IHNV and could be used in
diagnostic tests to detect this delayed virus expression.
Infectious hematopoietic necrosis virus was also detected in mucus
obtained from naturally infected juvenile and adult salmonids.

In

adult chinook and kokanee salmon, a higher prevalence of virus was
detected in mucus collected from the external surface of fish than
observed in OF, seminal fluid, or spleen tissue homogenates.
Experimental infection of juvenile rainbow trout suggested IHNV
detected in mucus was a result of the normal progression of disease
and that the integument may have been a site of virus replication
and a possible portal of entry.
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STRAIN DIFFERENTIATION AND DETECTION OF
INFECTIOUS HEMATOPOIETIC NECROSIS VIRUS

Chapter I

Introduction

Infectious hematopoietic necrosis virus (IHNV) is a rhabdovirus
of economic importance as a pathogen of salmonid fishes.

Once

confined to the Pacific coast of North America, the virus is now
enzootic in Japan and the disease has been observed in the eastern
United States, Taiwan, and recently in Italy and France.

This virus

has caused extensive epizootics in wild and hatchery-reared salmonid
fish.

Once thought to be a disease of small fish, epizootics have

been reported in larger and older fish.

Virus from salmon and trout

possess reduced virulence for salmonid species other than the host
from which they were isolated (Pitcher and Fryer 1980).

Although

differences in virulence are known, they have not been correlated
with strains of IHNV.

Differentiation of strains using polyclonal

antisera has shown only one serotype (McCain et al. 1971; Engelking
1987).

Recent studies have shown differences in the molecular

weights of virion structural proteins and have allowed separation of
IHNV isolants into five types (Leong et al. 1981; Hsu et al.
1986).

The relationship between these different electropherotypes

and virulence has not been defined.
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Rapid detection of an IHN epizootic is important so that
immediate quarantine of the infected fish can begin.

No vaccines or

antiviral drugs is available for control of this disease and
avoidance of the pathogen are the only means available for its
control.

Detection of IHNV in infected or carrier fish is routinely

accomplished using standard cell culture (Amos 1985).

Current

techniques require a minimum of 48-72 h for a presumptive diagnosis
and an additional 7-10 d to confirm the pathogen.

Furthermore, IHNV

can only be detected in infected juvenile fish or spawning adults at
sexual maturity.

It has been reported that some virus-negative

spawning adults may become virus-positive after spawning.

Determination of the mechanism responsible for this conversion and
development of alternate methods to increase speed and sensitivity
of detection of IHNV would be beneficial for the control of this
disease.

The objectives of this study were to:

(1) determine if

susceptibility to IHNV is influenced by fish size and strains of
virus; (2) determine if different electropherotypes of IHNV exhibit

differences in virulence in select salmonid species; (3) develop a
rapid diagnostic procedure for the detection and confirmation of

IHNV; and (4) examine alternate sources of virus that could be used
for fish health monitoring.
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CHAPTER II

REVIEW OF LITERATURE

History
A viral disease now considered to be infectious hematopoietic
necrosis (IHN), was first described in sockeye salmon (Oncorhynchus
nerka) in hatcheries in the state of Washington (Rucker et al.
1953).

Although the etiological agent was not isolated, it was

transmitted by injecting bacteria-free filtrates obtained from
diseased fish into healthy animals.

These workers also attempted to

define the host range of this agent by exposing juvenile sockeye and
chinook salmon (Oncorhynchus tshawytscha) of similar size to
effluents from infected fish.

The sockeye salmon suffered a 95%

mortality but only 5% of the chinook salmon died.

Further evidence

of the viral etiology of this disease was reported by Watson et al.
in 1954.

In 1958, a similar disease outbreak in young sockeye

salmon in a hatchery on the Willamette River in Oregon occurred.
The etiological agent, Oregon sockeye virus (OSV), was isolated

using primary fish cell cultures (Pilcher and Fryer 1980) and
subsequently characterized (Wingfield et al. 1969).

This isolant

was shown to be virulent for sockeye salmon but not for chinook or
coho salmon (Oncorhynchus kisutch) or rainbow trout (Oncorhynchus
mykiss) (Wingfield et al. 1970).
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Ross et al. (1960) reported epizootics in young chinook salmon
cultured in hatcheries on the Sacramento River in California.

This

disease was called Sacramento River chinook disease (SRCD) because
mortalities occurred only in this species despite the presence of
steelhead trout (Oncorhynchus mykiss) juveniles at the same hatchery
(Parisot and Pelnar 1962).

The virus (SRCV) was transmitted

experimentally by the waterborne route to rainbow and steelhead
trout and sockeye salmon.

Susceptibility to SRCV was found to vary

with the age of the fish.

These species were refractory to the

virus at 30 d of age, however field observations suggested chinook
salmon were susceptible to this virus independent of age (Wingfield
and Chan 1970).

Amend et al. (1969) isolated a virus from infected rainbow
trout and sockeye salmon in western Canada.

Because of the affinity

of the virus for blood forming or hematopoietic tissue the name
infectious hematopoietic necrosis virus (IHNV) was adopted for this
isolant.

Amend and Chambers (1970a; 1970b) compared OSV, SRCD

virus, and IHNV by electron microscopy, growth in cell culture, and
microscopic pathology.

The viruses were determined to be similar

and it was suggested that all three isolants be considered as
infectious hematopoietic necrosis virus.

Reviews of the disease and the etiological agent have been
published by Wolf (1976), McAllister (1979), and Pilcher and Fryer
(1980) who included information available up to 1975 and 1979,

5

respectively.

Recently, a book containing a comprehensive review of

IHN was published by Wolf (1988) and included information through
1985.

Therefore the review presented here will emphasize new

information available through 1989.

Virus Characteristics
MorpholoW.cal:

Electron microscopy studies of IHNV have shown

bullet-shaped virions averaging approximately 90 nm in diameter and
160 nm in length (Amend and Chambers 1970a).

These observations

were confirmed (Hill et al. 1975) and have resulted in placing IHNV
in the family Rhabdoviridae.

The virion possesses an envelop

containing essential lipids that confer a loss of infectivity
following solvent treatments (Wingfield and Chan 1970).

The lipid

in the virus envelop and lipid in fish cell lines retain more
fluidity at lower temperatures than lipids of mammalian virus
envelopes or cell lines (Moore et al. 1976).
Biochemical:

Sodium dodecylsulf ate polyacrylamide gel

electrophoresis (SDS-PAGE) of IHNV shows the virion is composed of
five proteins.

Molecular weights have been calculated by many

investigators and have resulted in a wide range of estimates for
each virion protein (Hill et al. 1975; McAllister and Wagner 1975;
Lenoir and de Kinkelin 1975).

The five proteins in order of

decreasing molecular weight are the polymerase or L protein (150 to
190,000 daltons), the surface glycoprotein or G protein (63 to
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88,000 daltons), the nucleocapsid or N protein (38 to 55,000
daltons), and two matrix proteins MI (22 to 40,000 daltons) and M2
(17 to 35,000 daltons) which comprise the virion membrane.

This

protein pattern resembles that of rabies virus which is the
prototype virus of the Lyssavirus genus in the family Rhabdoviridae
(Matthews 1982).

Leong et al. (1981) showed that electrophoretic patterns of the
structural proteins could be used to differentiate strains.

This

allowed IHNV isolants to be placed into one of the five types of
IHNV defined by the relative mobilities of the N and G proteins
after SDS-PAGE.

Kanai et al. (1985) examined isolants of IHNV from

Japan and demonstrated that they were the same except for one
isolant which possessed a lower molecular weight G protein.

Hsu et

al. (1986) examined 71 isolants and grouped them by the
electrophoretic typing scheme.

While host species of origin was not

shown to be related to a particular electropherotype, groups were
related by geographic origin.

The relationship between differences

in these proteins and virulence have not been defined.
Antigenic:

Using rabbit antiserum produced against OSV, SRCV,

and IHNV, McCain et al. (1971) compared isolants by the crossneutralization test.

The OSV and IHNV isolants were

indistinguishable and SRCV was closely related.

Although distinct

serotypes could not be identified, IHNV was shown to be
serologically different from other fish rhabdoviruses (McAllister et

7

al. 1974; Hill et al. 1975).

Engelking (1987) produced polyclonal

antisera against whole virus and the purified G protein of different
biochemical or electropherotypes of IHNV as defined by SDS-PAGE
(Leong et al. 1981).

The antisera neutralized 10 IHNV isolants

tested and only a single serotype was defined.

No direct relation

between biochemical type and immunological group was found.
Monoclonal antibodies produced against the G protein of isolants
from three geographic locations allowed separation of 12 isolants
into four groups.

Viruses in each group were related by geographic

origin rather than host species, virulence, or the date of isolation
(Winton et al. 1988).

Molecular Biology:

The IHNV genome is a single-stranded, non-

segmented, negative sense RNA with a sedimentation rate of 38-40s
(McCain et al. 1974; Hill et al. 1975) and is transcribed by a

virion-associated polymerase (McAllister and Wagner 1975).

The

molecular weight of the RNA genome is 106'6 daltons which
corresponds to a length of about 11,000 nucleotide bases (Kurath and
Leong 1985).

The gene order of the genomic RNA is 3' N-M1-M2-G-NV-L

5' and resembles that of rabies virus with the exception of the nonvirion or NV gene (Kurath et al. 1985).

The NV gene makes IHNV

unique among the rhabdoviridae in having a non-virion protein
(12,000 daltons) in infected cells but its function is not known
(Kurath and Leong 1985).

Kurath et al. (1985) characterized the

five mRNA species of IHNV and their respective protein products.

An
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in vitro transcriptional reaction process has been defined and the
products identified (Kurath and Leong 1987).

The products were

functional mRNA species which were polyadenylated.

Disease Signs and Pathologic Changes
External and Internal Signs:

Infectious hematopoietic necrosis

epizootics in young fish are characterized by a sudden and rapid
increase in mortality.

Moribund fish are lethargic, high in the

water column, do not feed, and exhibit exopthalmia, darkening of
body color, distension of the abdomen, pale gills, and hemorrhages
at the base of fins.

Fecal casts trailing from the vent have been

reported (Amend et al. 1969) but are not always observed.

Swelling

of the dorsal cranium has also been observed in some salmon species
(Follet et al. 1987).

Spinal deformities among surviving sockeye

salmon (Rucker et al. 1953) and rainbow trout (Busch 1983) can
occur.

None of the signs described are considered to be

pathognomonic for the disease.

Signs of the disease in older fish

are different from those observed in the young.

Mortality may be

chronic and infected individuals can exhibit "excitable" behavior.
Cutaneous lesions at the base of fins and on the caudal peduncle,

often with secondary invasion by fungi and loss of the dorsal fin
have been reported (Busch 1983; Burke and Grischkowsky 1984; Traxler
1986).

In general, the disease in older fish is more subtle than

IHN in smaller fish and different manifestations of the condition
are known to occur.
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Gross internal signs include paleness of the viscera, due to an
anemia, and petechial hemorrhaging in adipose tissue and mesenteries
surrounding the viscera.

a milky white exudate.

The stomach is devoid of food and contains
Ascites can be found in the body cavity and

petechiation and hemorrhaging is sometimes seen in the swim bladder
and hind gut.

Microscopic Pathology:

Extensive degeneration and necrosis of

the kidney, spleen, liver, and pancreas occur and granular cells of
the stomach and intestine may show degenerative changes (Wood and
Yasutake 1956; Yasutake 1970).

Histological changes in the

hematopoietic tissue of the anterior kidney are observed during
early stages of the disease and may extend throughout the kidney.
The tubules and glomeruli are not significantly affected (Yasutake
and Amend 1972).

Necrosis of the hematopoietic tissue of the spleen

and endocrine and exocrine tissues of the pancreas is diffuse, but
the liver can have areas of focal necrosis.

Kidney imprints and

blood films from infected fish reveal macrophages with a vacuolated
cytoplasm, degenerating leukocytes, and large quantities of cellular
debris (Watson et al. 1956; Amend and Smith 1975).

Degenerative

changes in the same target organs occur in older fish with IHN but

granular cell involvement has not been observed (Yasutake 1978;
Burke and Grischkowsky 1984).
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Diagnosis and Isolation

To aid in the diagnosis of IHN certain key features such as
life stage and species of fish, water temperature, clinical signs,

and disease history of the facility and stock of fish are
evaluated.

To isolate IHNV, tissues and reproductive fluids are

examined using standard cell culture techniques.

The American

Fisheries Society Fish Health Blue Book (Amos 1985) recommends the
following procedures:

(1) for juvenile fish less than 4 cm in

length use whole fish, 4-6 cm fish use viscera, and in fish greater
than 6 cm use kidney and spleen tissues; (2) for sexually mature
animals, kidney and spleen tissues and reproductive fluids should be
used; (3) specimens should be kept cold, but not frozen, and
processed by 72 h after being collected; (4) for processing, fish
tissues are diluted 10-fold with a balanced salts solution,
homogenized, centrifuged, and the clarified supernatant diluted twofold in an antibiotic solution for decontamination; (5) ovarian
fluid and sperm-free seminal fluid can be diluted two-fold in
antibiotics or used undiluted.

All specimens can be diluted two-

fold in antibiotics or used undiluted.

Processed specimens must be

inoculated onto the Epithelioma papulosum cyprini (EPC) (Fijan et
al. 1983), chinook salmon embryo (CHSE-214) (Lannan et al. 1984), or
fathead minnow (FHM) (Wolf and Mann 1980) cell lines.

Inoculum

volume is dependent on the amount of surface area of the cell
culture vessel being used.

Cell cultures must be incubated between
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15 and 18°C for 14 d, the medium maintained between pH 7.0 to 7.8,
and blind passes should be done if no cytopathic effects (CPE) are
observed in positive controls.

Cytopathic effect includes "grape-

like clusters" of round refractile cells which can be observed 48 to
96 h post-inoculation depending on the concentration of virus in the
inoculum.

The CPE can also be observed by studying plaque

morphology.

Plaque assay procedures similar to those of Burke and

Mulcahy (1983) which use a methyl cellulose overlay are also used
for isolation and enumeration of IHNV.

Clinical signs, microscopic

pathology, past history of IHNV, and observance of typical CPE
provide the best evidence for a presumptive diagnosis.
The virus can be readily isolated from fish obtained during
epizootics, but cannot be detected in survivors until sexual
maturity (Amend 1975).

The gills of yearling and adult salmon can

be used as a source of virus in fish with no clinical signs (Mulcahy
et al. 1983).

In adult stocks infected with IHNV, the highest

prevalence of IHNV is found in the latest spawning fish (Mulcahy et
al. 1984) and in post-spawned fish (Amend 1985; Mulcahy and Pascho
1986; LaPatra et al. 1989).

Adult fish from the latter part of the

spawning run and gill tissue from older fish should be examined to
optimize chances for detection of IHNV.

Recently, IHNV was detected

in mucus from naturally and artificially infected juvenile and adult
salmonids and may be useful as a source of virus for fish health
monitoring (LaPatra 1989).

A tangential flow filtration system has
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been used to concentrate virus in effluents of an adult holding pond
and a 2 m diameter tank containing infected fry.
detected in river water (Watanabe et al. 1988).

Virus was also
Pretreatment of EPC

cell monolayers with a 7% (w/v) solution of polyethylene glycol

(PEG) (20,000 MW) has been shown to increase sensitivity of
detection and decrease incubation time (Batts and Winton 1988).

A

fluorescent antibody test (FAT) used directly on tissue imprints,

ovarian fluid cells, or on infected cell lines has also been shown
to be useful for increased speed of detection (LaPatra et al.
1989).

An ELISA test using antiserum raised in rabbits may also

allow more rapid detection (Way and Dixon 1988).

Identification
Confirmation of IHNV is accomplished by serum neutralization
tests with polyclonal rabbit antisera or monoclonal antibodies.

Use

of a battery of monoclonal antibodies can relate isolants by
geographic location (Winton et al. 1988).

Hsu and Leong (1985)

described techniques which could be used to detect and strain type
IHNV from infected cell lines.

These methods are both rapid and

sensitive but are not commonly used because radioisotopes are
required.

An ELISA test for IHNV has also been reported (Dixon and

Hill 1984; Way and Dixon 1988).

A simple immunoblot assay was used

to detect IHNV in cell culture supernatant with sensitivity to 100
PFU/ml (McAllister and Schill 1986).

Recently, a FAT for IHNV was
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developed using either polyclonal or monoclonal reagents.

The FAT

was specific and reacted with all isolants of IHNV tested.

The test

was shown to be equal in sensitivity to the plaque assay method but
required less time to obtain a definitive diagnosis (LaPatra et al.
in press).

Host Range and Susceptibility
Natural epizootics of IHN have commonly occurred in juvenile
sockeye (kokanee) and chinook salmon and rainbow (steelhead)
trout.

The disease has also been reported in Atlantic salmon (Salmo

salar), pink salmon (Oncorhynchus gorbuscha), chum salmon
(Oncorhynchus keta), and cutthroat trout (Oncorhynchus clarki) in
North America (Mulcahy and Wood 1986; Follet et al. 1987).

Brook

trout (Salvelinus fontinalis) (T. Yamamoto, University of Alberta,

Canada, personal communication) and brown trout (Salmo trutta)
(unpublished observation) have also been shown to be susceptible.
In Japan, epizootics have occurred in amago salmon (Oncorhynchus
rhodurus) and yamame salmon (Oncorhynchus masou) and chum salmon
(Sano et al. 1977).

Coho salmon (Oncorhynchus kisutch) are

considered to be refractory to the disease, but the virus has been
isolated from adults (LaPatra et al. 1987).

Increased resistance to

infection has been demonstrated for rainbow trout and coho salmon
hybrids (Chen 1984; Parsons et al. 1986) but chinook and coho salmon
hybrids were found to be susceptible (Hedrick et al. 1987).
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Variations in the susceptibility among offspring of different
mating pairs of sockeye salmon to IHNV were reported by Amend and
Nelson (1977).

Other researchers have also found that selected

strains of IHNV have differences in virulence depending on the
species and stocks of salmonids used (Rucker et al. 1953; Watson et
al. 1954; Parisot and Pelnar 1962; Parisot et al. 1965; Wingfield
and Chan 1970; Wingfield et al. 1970; Wertheimer and Winton 1982;
Chen 1984).

While differences in virulence of select isolants of

IHNV are known, no attempt has been made to correlate this with a
strain typing scheme.

Observations from naturally occurring disease and experimental
infections indicate that fish up to two months of age are most
susceptible.

In recent years however, epizootics have been reported

in older (14-16 months) yearling sockeye (Burke and Grischkowsky
1984) and two year old kokanee salmon (Traxler 1986).

The disease

has also been reported in large rainbow trout (100-500 g) from
Hagerman Valley, Idaho (Busch 1983).

It appears that size and age

alone does not determine susceptibility.

Transmission and Immunity
Horizontal transmission is generally accepted and waterborne
infections can be accomplished in the laboratory.

Clinically

infected juvenile salmonids and carrier adults are the reservoirs of
virus for waterborne transmission.

No other reservoirs of virus
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have been identified but the virus has been shown to replicate in
cell lines derived from mosquito and drosophila (Scott et al. 1980;
Bussereau et al. 1975) and has been isolated from nematodes (W. G.
Groberg, Oregon Department of Fish and Wildlife, personal
communication) and leeches attached to carrier adults (Yamamoto et
al. 1989).

The virus can also bind to sediments and was suggested

as a source of environmental transmission (D. Mulcahy, United States
Fish and Wildlife Service, personal communication).

Evidence for

vertical transmission in natural outbreaks is circumstantial and
only one report documents such an event occurring under laboratory
conditions (Mulcahy and Pascho 1985).

We have made numerous

unsuccessful attempts, as have others, to clearly demonstrate the
importance of this route.

Evidence supporting vertical transmission

includes the ability of the virus to adhere to salmonid sperm cells
(Mulcahy and Pascho 1984) providing a mechanism of entry into the
egg, and that developing embryos can support replication after
direct inoculation (unpublished data).

In Oregon, vertical,

transmission tests have been conducted throughout the state in
production regimes.

Over 9 million fish from IHNV-positive parents

have been reared without evidence of virus.

Iodophors for egg

disinfection (100 ppm for 15 min) and virus-free water for egg
incubation and fish rearing were used in all tests (Oregon

Department of Fish and Wildlife, Fish Pathology Section, personal
communication).
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A life-long carrier state in a portion of adult rainbow trout
that had survived an epizootic as juveniles was reported by Amend
(1975).

Attempts to confirm this observation in sockeye salmon or

steelhead trout have not been successful, but numbers of animals may
not have been sufficient.

It is possible that either there is no

carrier state in surviving fish or only a small portion of the
survivors become carriers and serve as reservoirs of the virus for
other adult and juvenile fish.

If a carrier state does exist, the

virus is apparently in a latent or eclipse phase during most of the
life cycle of the carrier fish and only becomes active at the time
of sexual maturation or spawning (Amend 1975).

Amend and Smith

(1975a) injected adult rainbow trout (500 g) intraperitoneally and
detected antibodies against IHNV after 54 d at water temperatures
which increased from 8 to 17°C.

In passive immunization tests,

rainbow trout juveniles were protected against IHNV infections.
Shors and Winston (1989) detected IHNV neutralizing antibodies from
eggs of spawning steelhead trout.

An average of 87.5% decrease in

IHNV infectivity in cell culture was observed when these antibodies
were exogenously added to virus.

Hattenberger-Baudouy and de

Kinkelin (1988) found complement dependent neutralizing antibodies
in juvenile and adult rainbow trout and suggested that this could be
used as a tool for fish health monitoring.

Interferon has been detected in vivo in rainbow trout (P. de
Kinkelin, Institut National de la Recherche Agronomique, France,
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personal communication) and in vitro from a cell line dervied from
rainbow trout (RTG-2) (Sano and Nagakura 1982).

Okamoto et al.

(1983) concluded that interferon contributed to a reduction in IHNV
infectivity titers on dense monolayers of RTG-2 cells.

Recently,

artificial induction of interferon with synthetic polynucleotides in
juvenile rainbow trout provided protection against IHNV after

waterborne infection (W. D. Eaton, University of Alaska, Juneau,
personal communication).

Ecology

Survival of IHNV in soft or hard lake waters at 10°C was shown
to last for 7 weeks but only 2 weeks in distilled water at 10°C
(Wedemeyer et al. 1978).

In freshwater collected at fish

hatcheries, dechlorinated city water, and double distilled water,
IHNV survival decreased with increasing temperature (Yoshimizu et
al. 1986).

Barja et al. (1983) showed salinity was detrimental to

survival of IHNV.

Significant reduction in IHNV concentrations were

observed within 3 d in untreated brackish and seawater and in
estuarine waters which contained sediments held at 15°C (Kaemi et
al. 1987).

Toranzo and Hetrick (1982) examined the survival of IHNV

in fresh and marine waters at 15 and 20°C.

The virus survived best

in freshwater at 15°C and viral inactivation was greatest with
higher numbers of bacteria present in the water.

Kaemi et al.

(1988) collected water from raceways at hatcheries in Japan and
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evaluated its capability to reduce IHNV infectivity.

Virus

concentrations were undetectable within 3 d in untreated waters at
15°C and the number of viable Pseudomonas bacteria increased 100
fold.

Bacteria isolated from hatchery water were screened for anti-

IHNV activity and one Pseudomonas strain produced a potent antiviral
substance.

Comparison of 710 bacterial isolants from hatchery water

and sediments showed 190 strains with anti-IHNV activity and 77%
were Pseudomonas (Kamei et al. 1988).

Comparison of 748 bacteria

from estuarine and marine environments showed twice as many from the
estuarine environment had anti-IHNV activity compared to those from
marine areas.

Most of the bacteria that exhibited a 90% reduction

in IHNV plaques belonged to Pseudomonas, Achromobacter, and Vibrio
genera.

The bacterial products believed to be responsible for this

activity were preliminarily characterized (Kamei et al. 1987).

The

virus can survive dehydration at 4°C for 7 d and infectivity is
significantly reduced at pH 5 and 9 (Pietsch et al. 1977).

Geographic Distribution
Infectious hematopoietic necrosis virus is considered to be
enzootic to areas of the west coast of North America including
Alaska, Washington, Idaho, Oregon, and California of the United
States and British Columbia, Canada.

The virus is also considered

to be enzootic to Hokkaido and Honshu Islands of Japan.

The disease

has been observed in other areas of the United States including
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Colorado, Minnesota, Montana, New York, South Dakota, West Virginia,
and Virginia but the virus did not become established in wild or
cultured resident stocks (Wolf 1988).

Recently epizootics were

detected in Taiwan (Chen et al. 1985), Italy (Bovo et al. 1987), and
France (Hattenberger-Baudouy and de Kinkelin 1988) but it is not
known if the virus has become established in these countries.
Reasons for the spread of the disease are believed to be associated
with movements of fish or fish eggs contaminated with IHNV.

Prevention and Control
Currently there are no commercially available chemotherapeutics
or vaccines for the prevention or control of IHN.

Avoidance of the

pathogen is still seen as the most effective way to prevent IHN
epizootics.

A principal method of avoidance is the use of virus-

free water for egg incubation and fish rearing.

This is achieved by

the use of well or spring water supplies or the use of ground waters
devoid of infected or carrier fish. Ozone, chlorine (Wedemeyer et
al. 1978), and ultraviolet (UV) irradiation (Yoshimizu et al. 1986)
were shown in vitro to be effective treatments of water containing
virus.

Ozone and UV light have been tested at fish hatcheries in

the Pacific Northwest where IHNV is an annual problem.

The use of

ozone decreased fish loss due to IHN but was expensive and required
a constant supply of electricity (J. Lientz, United States Fish and
Wildlife Service, personal communication).

Fish in UV treated water
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suffered higher mortality to IHN than fish in untreated water
(unpublished data, Department of Microbiology, Oregon State
University).

Both treatment systems lose efficiency with increased

turbidity of the water.

Disinfection of fish eggs contaminated with IHNV with organic
iodine compounds is currently used to control IHNV.

Amend and

Pietsch (1972) showed IHNV infectivity was destroyed after
exposure
to iodophores at 25 ppm for 5 min at neutral pH.

Amend (1974)

recommended a treatment of 100 ppm with buffered iodophores for 10
min as a standard practice at hatcheries where IHNV carriers
occur.

Water hardening and disinfection of eggs in iodophores is

now a standard practice at many hatcheries where IHNV is enzootic.
Temperature manipulation of water has been shown to be useful to
control epizootics in certain instances (Amend, 1970).

Hetrick et

al. (1979) showed that this may not be useful with all isolants of
IHNV and only one strain is known to be temperature sensitive
(Mulcahy et al. 1984).

This technique is expensive and not used.

Control of IHN by chemotherapeutics or vaccines has been attempted
by many investigators.

A method was developed to evaluate antiviral

compounds against IHNV (Hasobe and Saneyoshi 1985a).

Compounds that

were tested, primarily nucleoside analogues, inhibited replication
of IHNV on CHSE-214 cells but were not as effective in vivo
in IHNV
infected fish (Hasobe and Saneyoshi 1985b).

Other antivirals that

were tested showed no significant effects (Kimura et al. 1987).
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Both killed and live modified types of vaccines have been tested
experimentally.

An attenuated strain of IHNV protected sockeye

salmon from IHN (Fryer et al. 1976) but remained virulent for
rainbow trout.

Although live modified vaccines generally produce

better immunity than an inactivated vaccine, commercial licensing is
doubtful unless the potential for reversion can be eliminated.
Formalin-killed IHNV has also been tried with varying results
(Nishimura et al. 1985; J. R. Winton, United States Fish and

Wildlife Service, personal communication).

Nishimura et al. (1985)

tried several methods of virus inactivation and delivery systems.

The best protection resulted when the virus was delivered by
injection which is not practical in a production regime.

Killed

whole virus vaccines are also very expensive to produce.

Currently

development of a genetically engineered subunit vaccine by
recombinant DNA techniques is underway.

A portion of the gene

coding for the G protein of IHNV was cloned into a bacterial
expression vector and protein produced in Escherichia coli.

Fish

immunized by immersion with this preparation were protected after

waterborne infection (Gilmore et al. 1988).

The recombinant subunit

vaccine has also been shown to cross-protect against challenge by
two different isolants of IHNV (Leong et al. 1988).

Because there

appears to be differences in virulence between different strains of
IHNV, cross-protection studies are essential if effective vaccines
are to be developed.

Recently, neutralization resistant variants of
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IHNV were selected by repeated cloning of wild-type virus in the
presence of neutralizing antibodies.
lowered virulence.

Two of the variants exhibited

Vaccination of rainbow trout with these variants

conferred protection against challenge with wild-type virus but
resulted in many fish with spinal deformities (Roberti 1987).
Control measures currently used include destruction of infected
fish and eggs and hatchery disinfection.

Another of the control

measures for IHN involves containment of the disease within

watersheds where IHNV is enzootic and avoidance of introduction of
infected fish and eggs into areas where the virus is not known to
occur.

This type of control policy is useful but allows for

movements of infected fish within areas where IHNV has been
detected.

This may be detrimental if different strains of the virus

exist, especially if there are differences in virulence.
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CHAPTER III

Size and Susceptibility of Two Salmonid Species to Two Strains of
Infectious Hematopoietic Necrosis Virus
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Abstract

Infectious hematopoietic necrosis (IHN) is generally considered
a disease of alevin, fry, and early juvenile salmonids.

It has been

suggested that this disease kills only young salmonids and that
susceptibility to IHN decreases with increased size and age of the
fish.

To determine if decreased susceptibility occurs with

increasing size, waterborne virus exposures were conducted on
rainbow trout Oncorh nchus mykiss and kokanee salmon Oncorhynchus
nerka beginning at 0.2 g (mean body weight) and continuing to larger
sized fish (0.6 to 13.1 g).

At four different sizes, both species

were exposed to four concentrations of a type 1 virus isolant from
fish in Oregon and a type 2 isolant obtained from fish in Idaho.

Neither IHNV strain was consistently more virulent over all exposure
concentrations for kokanee salmon at the 0.2 g fish size.

At all

other sizes, kokanee salmon were consistently more susceptible to
the type 1 strain (sign test, p < .002).

Conversely, rainbow trout

at all sizes tested were consistently more susceptible to the type 2
strain (sign test, p <.001).
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Introduction

A viral disease of sockeye salmon Oncorh nchus nerka was first
described by Rucker et al. in 1953.

They were unable to isolate the

etiological agent, but did transmit the disease by injecting
bacteria-free filtrates from diseased animals.

In 1958 a similar

disease outbreak occurred among sockeye salmon in Oregon and the
etiological agent was isolated in cell culture and its viral nature
characterized (Wingfield et al. 1969).
Oregon sockeye virus (OSV).

The virus was referred to as

Although sockeye salmon are the primary

host of infectious hematopoietic necrosis virus (IHNV), other
species of fish are also susceptible.

These include rainbow trout

Oncorh nchus mykiss and chinook salmon Oncorh nchus tshaw tscha.
Infectious hematopoietic necrosis (IHN) is now a major disease
problem of fish in state and federal hatcheries in the Pacific
Northwest of North America (Groberg and Fryer 1983).
Infectious hematopoietic necrosis was once thought to be a

disease of small fish, but epizootics have been reported in larger
(27-65 g) and older (14-16 months old) yearling sockeye (Yasutake
1978; Burke and Grischkowsky 1984) and two year old kokanee salmon
Oncorh nchus nerka (18-26 g) (Traxler 1986).

The disease has also

been reported in yearling rainbow trout (150-230 g) (Roberts 1986)

and is the cause of mortality among large rainbow (100-500 g) from
Hagerman Valley, Idaho (Busch 1983).
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Variations in the susceptibility among offspring of different
mating pairs of sockeye salmon to IHNV were reported by Amend and
Nelson (1977) and other researchers have found that selected strains
of IHNV have differences in virulence for various species and
stocks
of salmonids (Wertheimer and Winton 1982; Chen 1984).

Differences

in the molecular weights of structural proteins have been reported
for IHNV (Leong et al. 1981).

These differences have allowed

separation of IHNV isolants into one of five types (Hsu et al.
1986).

The relationship between differences in these proteins and

virulence have not been defined.

To determine the relationship between susceptibility and size
of fish, waterborne IHNV exposures were conducted using two species
of salmonids and two strains of virus.

Objectives of the study were

to determine 1) if susceptibility to IHNV was influenced by fish
size, 2) if a correlation exists between size and susceptibility
to
selected strains of IHNV in two species of salmonids, and 3) if
the
strains of IHNV used show differences in virulence for the
two
species of salmonids infected.
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Materials and Methods

Cell lines

Two fish cell lines were used for the isolation, propagation,
and identification of the virus isolants used in this study:

(1)

the CHSE-214 line (ATCC CRL 1681) from chinook salmon (Lannan
et
al. 1984) and (2) EPC from common carp Cyprinus carpio (Fijan
et
al. 1983).

Both lines were propagated in minimum essential medium

(MEM, GIBCO Laboratories, Grand Island, NY) supplemented
with fetal

bovine serum (FBS, Hyclone Laboratories, Ogden, UT) to 10% (MEM10), L-glutamine to 10 mM, penicillin to 10 I.U./mL,
streptomycin

to 50 pg/mL, and buffered with 7.5% sodium bicarbonate (all from
GIBCO) or tris HC1 (Sigma Chemical Company, St. Louis, MO)
to pH
7.5.

For routine cell propagation, the CHSE-214 line was incubated

at 20°C and the EPC line at 25°C.

Viruses used for

electropherotyping and virulence comparisons were grown in CHSE-214
cells at 16°C in MEM-5 and stored at -70°C.

Viruses

Viruses used in this study were a 1983 isolant of IHNV from
steelhead Oncorh nchus mykiss, at Round Butte Hatchery (Deschutes

River, Oregon) and a 1983 isolant from rainbow trout
at
International Aquaculture Research Center (Hagerman Valley,
Idaho).

Viruses were isolated and identified as described by Amos
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(1985).

The biochemical relatedness of the Oregon (OR) and Idaho

(ID) IHNV isolants was demonstrated by comparison of electrophoretic
patterns of the structural polypeptides.

Virus purification was

performed as described by Leong et al. (1981).

Sodium

dodecylsulf ate polyacrylamide gel electrophoresis (SDS-PAGE) was

performed under conditions similar to those of Lammeli (1970).
Purified virus was mixed 1:1 in sample buffer (120 mM tris base, 4%
w/v SDS, 10% v/v 2-mercaptoethanol, 20% v/v glycerol, and 3 mM
bromophenol blue), and placed in a boiling water bath for 2-3 min.
Polypeptides were separated by electrophoresis using a 12%
separating gel and a 4.5% stacking gel, for 6-7 h at 12 mA.

The

silver staining method used was the same as that reported by Merril
et al. (1981).

Different electropherotypes of IHNV were compared.

These included type 1 from kokanee salmon (Metolius River, Oregon)

and a type 3 from steelhead (Clearwater River, Idaho) (Hsu et al.
1986).

Fish
Eggs from kokanee salmon and rainbow trout, with no history of
IHNV, were provided by the Oregon Department of Fish and Wildlife.

Eggs were incubated and hatched at the Oregon State University Fish
Disease Laboratory in 12°C fish-pathogen-free well water where all
fish were subsequently reared and experiments conducted.

Fish were

tested for IHNV susceptibility beginning after absorption of the
yolk-sac.

Mean weight and age of fish tested are given in Table 1.
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Table III.1.

Test
No.

Mean weight and age of kokanee salmon
Oncorh nchus nerka and rainbow trout
Oncorh nchus mykiss when tested for
susceptibility to two strains of infectious
hematopoietic necrosis virus.

Kokanee Salmon
Weight (g)
Age (d)

Rainbow Trout
Age (d)

Weight ()

1

0.2

45

0.2

25

2

0.6

70

1.0

60

3

2.0

150

3.8

100

4

7.2

210

13.1

170
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Exposure of fish to virus

Virulence of the two IHNV isolants for kokanee salmon and
rainbow trout was determined by waterborne exposures to virus.
Dilutions of virus from cell culture medium (MEM-5) were prepared
in 1 to 4 L of static well water (volume of water used during
exposures increased with mean weight of the fish) to achieve four
concentrations ranging from 101'9 to 104'9 plaque-forming units
(pfu)/mL.

Twenty-five fish were added to each container.

Fish in

control groups were treated the same except dilutions of MEM-5 were
used without virus.

During the 12 h exposure, water was aerated

and containers were partially immersed in free-flowing water to
maintain a constant temperature of 12°C.

After the exposure

period, fish in each container were placed into a 68 L fiberglass
aquarium receiving single-pass water flowing at a rate of
approximately 1 L/min.

Fish were fed twice daily a diet of Oregon

Moist Pellets and observed for signs of IHNV infection.
were removed daily, weighed, and examined for virus.

Dead fish

Seven to 10 d

after the last mortality occurred, the next test was begun on the
larger sized fish.

Cumulative percent mortality, mean day to

death, and the 50% lethal dose (Reed and Muench 1938) were
calculated from the accumulated mortality.

Comparisons were made

for each species and virus strain in each of the four weight groups
tested.
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Isolation and quantitation of virus

All dead fish were examined for virus as described by Amos
(1985).

Quantitation of virus used in fish exposures or isolated

from dead fish was accomplished by plaque assay procedures similar
to those of Burke and Mulcahy (1980).

Viral isolants obtained from

each experiment were determined to be IHNV by neutralization tests
using specific antisera.

,Statistical analysis

The sign test (Steel and Torrie 1980) was used to compare the
OR and ID strains of IHNV with respect to cumulative mortality of
infected fish.

Each exposure concentration, at each mean weight

tested for the two salmonid species, was treated as a block
or
separate comparison between the two strains.
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Results

Electropherotyping of virus isolants

Electrophoretic profiles of the two virus isolants showed
differences in the structural proteins (Fig.

1).

The OR isolant

possessed a low molecular weight nucleocapsid (N) protein and the
ID isolant possessed a higher molecular weight N protein.

The OR

isolant and the Metolius River kokanee salmon isolant were type 1
IHNV, the ID isolant a type 2, and the Clearwater River steelhead
isolant a type 3.

Cumulative percent mortality (CPM)

Although there were some exceptions, the general trend for
kokanee salmon infected with the ID isolant was decreased CPM with
increased mean weight whereas CPM increased with weight in kokanee
infected with the OR isolant.

Rainbow trout had a trend of

decreased CPM with increased mean weight when infected with the OR
isolant but in most cases continued to exhibit a high CPM with
increased weight when infected with the ID isolant (Table 2).

Mean day to death (MDD)
Both salmonid species tested had a trend of increasing MDD

with increased mean weight when infected with either IHNV
isolant.

However, kokanee salmon with increased mean weight
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Figure 111.1.

Electrophoretic profile of different isolants of
infectious hematopoietic necrosis virus. Lane
representations are I) isolant from steelhead
Oncorh nchus mykiss at Round Butte Hatchery,
Deschutes River, Oregon; 2) Type 1; 3) Type 3; 4)
isolant from rainbow trout Oncorh nchus mykiss at
International Aquaculture Research Center, Hagerman
Valley, Idaho; and 5) molecular weight standards.
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Table 111.2.

Cumulative percent mortality of kokanee salmon Oncorhynchus nerka and rainbow trout Oncorhynchus
mykiss (n=25) when infected with two strains of infectious hematopoietic necrosis virus (IHNV) at
four different mean weights.

Mean

Salmonid
Species

Kokanee

Weight
(g)

0.2

Mean
IHNV

Strain

ORc
ID

0.6

OR

ID

2.0

OR
ID

7.2

OR
ID

a
b
c

d

d

IHNV Exposure Concentration
4.95 3.9 2.9 1.9 C5

92

28

12

4

72

80

20

80

92

84

68

0

48

36

52

0

96

80

96

88

56

20

16

8

96

96

96

84

0
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4

0

4

0

0

0

Salmonid
Species

Rainbow

Weight
(g)

0.2

1.0

3.8

13.1

IHNV

Strain

IHNV Exposure Concentration
4.9

3.9

2.9

1.9

C

OR

68

96

96

8

8

ID

100

100

100

100

OR

84

60

12

0

ID

100

96

100

0

OR

80

44

32

24

ID

96

92

80

56

OR

32

16

24

16

ID

92

72

24

24

IHNV concentrations expressed
as 1og10 plaque forming units/mL water at the time of exposure.
C = control.
Type 1 IHNV strain from steelhead

Oncorhynchus mykiss at Round Butte Hatchery (Deschutes River, Oregon).
Type 2 IHNV strain from rainbow trout at International Aquaculture Research Center
(Hagerman Valley, Idaho).

0

0

0
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generally had a shorter MDD when infected with the OR isolant and
rainbow trout generally had a shorter MDD when infected with the ID
isolant (Table 3).

Lethal dose 50% (LD501
Kokanee salmon infected with the ID isolant, in all but one
case, had higher LD50 values as the mean weight of the fish
increased, but with increased fish weight the OR isolant had lower
LD50's.

Rainbow trout infected with either isolant also had higher

LD50's when the mean weight of fish increased but LD50 values were
always lower for the ID isolant at a specific fish weight
(Table 4).

Virus quantitation and confirmation
Virus was isolated from 96% of dead fish.

Concentrations

ranged from 104'2 to 106'5 pfu/g of tissue examined from randomly
selected dead fish at each exposure.
were believed to be lethal.

These IHNV concentrations

Isolants from each experiment were

confirmed as IHNV by serum neutralization tests.

Although some

mortality occurred in control groups, no virus was isolated.

Statistical analysis

Kokanee salmon infected with the OR isolant resulted in
greater mortality in 12 of the 16 mean weights and exposure

Table 111.3.

Mean day to death of kokanee salmon Oncorhynchus nerka and rainbow trout
Oncorhynchus mykiss when
infected with two strains of infectious hematopoietic necrosis virus (IHNV) at four different mean
weights.

Mean

Salmonid
Species

Kokanee

Weight

Mean
IHNV

(g)

Strain

0.2

OR

0.6

2.0

7.2

b

IHNV Exposure Concentration
4.98 3.9
2.9 1.9
Cp

5.9

8.9

9.3

IDc

8.0

9.6

10.6

10.0

OR

6.5

8.6

13.2

nm

ID

15.0

18.9

16.7

nm

OR

8.6

9.3

11.0

20.0

ID

12.9

18.8

30.3

12.0

OR

7.9

10.0

16.2

14.1

ID

nm

11.6

29.0

nm

12.0 20.0

nme

nm

nm

Salmonid
Species

Rainbow

Weight

IHNV

IHNV Exposure Concentration

(g)

Strain

4.9

3.9

2.9

1.9

C

0.2

OR

5.4

12.7

11.3

4.0

2.0

ID

4.8

5.0

8.4

13.9

OR

7.9

11.5

12.7

nm

ID

5.4

6.9

6.8

nm

OR

12.0

8.2

18.9

15.8

ID

7.3

8.6

11.9

11.7

OR

19.3

20.3

17.2

15.0

ID

16.7

12.2

13.3

11.3

1.0

3.8

13.1

a

IHNV concentrations expressed as log10 plaque forming units/mL water the the time of
exposure.
C = control.

b

crype 1

IHNV strain from steelhead Oncorhynchus mykiss at Round Butte Hatchery (Deschutes River, Oregon).
dType 2 IHNV strain from rainbow trout at International Aquaculture Research
Center (Hagerman Valley, Idaho).
enm = no mortality.

nm

nm

nm
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Table 111.4.

Lethal dose 50% values for two strains of infectious
hematopoietic necrosis virus (IHNV) in kokanee salmon

Oncorhrchus nerka and rainbow trout Oncorhynchus mykiss when
infected at four different sizes.

Kokanee salmon
Weight (g)

a

b

c

Rainbow trout
b

ORa

ID

0.2

3.91c

3.45

0.6

2.20

2.0
7.2

Weight (g)

OR

ID

0.2

2.14

1.93

3.00

1.0

3.25

2.43

<1.78

4.84

3.8

3.93

<2.05

<1.72

>5.40

13.1

>4.52

3.90

Type 1 IHNV strain from steelhead Oncorhynchus mykiss at Round Butte Hatchery
(Deschutes River, Oregon).

Type 2 IHNV strain from rainbow trout at International Aquaculture Research
Center (Hagerman Valley, Idaho).

Lethal dose 50% expressed as log10 values.
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concentrations tested (there was one tie).

This is significantly

more than would be expected if the virulence of the two IHNV
strains were the same (sign test, p <.04).

However, neither strain

was consistently more virulent over all exposure concentrations for
kokanee salmon at the 0.2 g size.

At all other mean weights tested

(0.6 to 7.2 g) kokanee salmon were consistently more susceptible to
the OR isolant (sign test, p <.002).

Rainbow trout infected with the ID isolant resulted in greater
mortality in 15 of the 16 mean weights and exposure concentrations
tested (there was one tie).

This is significantly more than would

be expected if the virulence of the two isolants were the same
(sign test, p <.001).

At all mean weights tested (0.2 to 13.1 g),

rainbow trout were consistently more susceptible to the ID isolant.
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Discussion

Natural epizootics of IHN have occurred in sockeye salmon
(including kokanee) and rainbow trout (including steelhead).
Observations from both naturally occurring and experimentally
induced disease indicate that fish up to two months of age are most
susceptible (Filcher and Fryer 1980).

Results from this study

agree with these observations.

Virus from sockeye salmon and rainbow trout possess reduced
virulence for salmonid species other than the host from which they
were isolated (Filcher and Fryer 1980).

In our study, differences

in virulence among IHNV strains were observed in hosts older than
two months.

In this host-pathogen relationship, there appear to be

strains of virus adapted to a particular species.

The type 1

strain was shown to be host adapted to kokanee salmon and the type
2 strain to rainbow trout.

Experimentally, 7.2 g kokanee (210 d

old) and 13.1 g rainbow (170 d old) were more susceptible to type 1
and 2 IHNV, respectively.

Kokanee salmon appeared to increase in susceptibility with age
(45-210 d) and mean weight (0.2-7.2 g) to the type 1 strain.

Epizootics in hatchery or feral populations of sockeye or kokanee
salmon have been reported in fish 8 to 65 g in weight and 8 to 24
months old.

No other fish pathogens were detected and mortality

was attributed to IHNV (Rucker et al. 1953; Burke and Grischkowsky
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1984; Traxler 1986).

Furthermore, similar external pathology

observed in natural epizootics in larger fish was seen in our
experimental infections and was different from signs in smaller
fish with IHN.

Signs observed included large cutaneous lesions on

the caudal peduncle and at the base of pelvic and pectoral fins
with areas of fungal growth.

We examined virus isolated from two

year-old kokanee dying of IHN (Traxler 1986) and found only a type
1 strain (data not shown).

In Idaho, epizootics in commercially-reared rainbow trout
exceeding 100 g in weight occur (Busch 1983) and there are reports

from Washington of IHNV in larger rainbow ranging in weight from 4100 g (Roberts 1986).

Isolants from these epizootics that we

examined were type 2.

Experimentally, the type 2 strain was more

virulent for larger rainbow trout than type 1.

Although CPM was

consistently high when rainbow were artificially infected with type
2, this does not agree with all field observations.
Experimentally, when rainbow trout were infected with the kokanee
salmon adapted strain (type 1), a lower chronic mortality was
observed.

This study showed that there are differences in virulence of
IHNV strains defined by electropherotyping and there are host
adapted strains of IHNV with the ability to produce disease in

kokanee salmon and rainbow trout as large as 7.2 g and 13.1
respectively.

Methods to control the spread of IHNV rely on

g,
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containment of the disease within watersheds where it is known to
exist (Groberg and Fryer 1983).

Transfers of fish infected with

IHNV into areas in which the virus is known to occur should be
evaluated critically to prevent the introduction of different host
adapted strains.
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CHAPTER IV

Virulence Comparison of Different Electropherotypes of
Infectious Hematopoietic Necrosis Virus

48

Abstract

To define virulence of different electropherotypes of
infectious hematopoietic necrosis virus (IHNV), chinook salmon
Oncorhynchus tshawytscha and steelhead trout Oncorhynchus mykiss
alevins were exposed to waterborne challenges of isolants of IHNV
obtained from naturally infected adult rainbow trout Oncorhynchus
mykiss, steelhead, and chinook at hatcheries in Oregon, Washington,
Idaho, and California, USA.

Virulence was determined by comparing

cumulative percent mortality and lethal dose 50% values for each
IHNV isolant in both species of fish at two different mean body
weights.

Results showed that Columbia River basin IHNV

electropherotypes (types 2 and 3) were more virulent for steelhead

trout and IHNV electropherotypes from southern Oregon and
California (type 3) were more virulent for chinook salmon.
1 electropherotype was less virulent for both species.

A type

Isolants of

type 3 IHNV exhibited differences in virulence dependent on the
geographic location from which they were obtained.
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Introduction

From 1953 through 1967 a disease of viral etiology was
observed in cultured sockeye salmon Oncorhynchus nerka, chinook
salmon Oncorhynchus tshawytscha, and rainbow trout Oncorhynchus
mykiss at hatcheries along the Pacific coast of North America.
Studies indicated that virus isolants from these epizootics were
similar and because of the affinity of the virus for hematopoietic
tissue the name infectious hematopoietic necrosis was adopted (Wolf
1988).

This rhabdovirus has caused extensive epizootics among wild

and hatchery reared salmonid fish.

The virus has been reported in

salmon and trout in the United States including Oregon, Washington,
Idaho, California, and Alaska, and Canada and Japan (Pilcher and
Fryer 1980).

Infectious hematopoietic necrosis (IHN) is a major

disease of rainbow trout at commercial hatcheries in Idaho (Busch
1983) and has spread throughout the Pacific Northwest in anadromous
stocks of fish (Groberg and Fryer 1983).

The disease has also been

observed in other areas of the United States (Wolf 1988), Taiwan
(Chen et al. 1985), and more recently in Italy (Bovo et al. 1987)

and France (Hattenberger-Baudouy and de Kinkelin 1988).

Although IHNV is distinct, differentiation of strains by
serological analysis using polyclonal antiserum has shown only one
serotype.

Isolants have been grouped by molecular weight

differences in the structural proteins of the virion (Leong et al.
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1981) and has resulted in the classification of IHNV isolants
into
five electropherotypes designated types 1 through 5 (Hsu et al.
1986).

Infectious hematopoietic necrosis epizootics in the Columbia
River basin have occurred primarily in rainbow and steelhead
Oncorhynchus mykiss trout (Groberg and Fryer 1983) whereas losses
in California are almost exclusively in chinook salmon (W. H.
Wingfield, California Department of Fish and Game, personal
communication) but both chinook and steelhead are reared at
hatcheries in these areas.

Isolants of type 3 IHNV were presumably

responsible for losses in chinook salmon (Chen 1984) and were
thought to be confined to California and certain rivers located in
southern Oregon (Hsu et al. 1986).

Examination of a number of

isolants using the electropherotyping procedure has confirmed the
presence of only type 3 IHNV in fish from rivers in California and
southern Oregon.

In addition we also found type 3 IHNV from fish

in the Columbia River basin.

The purpose of this study was to

determine the virulence of type 3 electropherotypes of IHNV,
obtained from different geographic regions, in chinook salmon and
steelhead trout and compare this to virulence of type 1 and 2
strains in the same species of fish.
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Materials and Methods

Cell Lines

Two fish cell lines were used for the isolation, propagation,
and identification of the virus isolants used in this study:

(1)

the CHSE-214 line (ATCC CRL 1681) from chinook salmon (Lannan et
al. 1984) and (2) EPC from common carp (Cyprinus carpio) (Fijan et
al. 1983).

Both lines were propagated in minimum essential medium

(MEM, GIBCO Laboratories, Grand Island, New York, USA) supplemented

with fetal bovine serum (FBS, Hyclone Laboratories, Ogden, Utah,
USA) to 10% (MEM-10), L-glutamine to 10 mM, penicillin to 50
I.U./mL, streptomycin to 50 pg/mL, and buffered with 7.5% sodium
bicarbonate (all from GIBCO) or tris HC1 (Sigma Chemical Company,
St. Louis, Missouri, USA) to pH 7.5.

For routine cell propagation

the CHSE-214 cell lines was incubated at 20°C and the EPC line at
25°C.

Viruses used for electropherotyping and virulence

comparisons were grown in CHSE-214 cells at 16°C in MEM-5 and
stored at -70°C.

Virus Isolants and Electropherotyping
Six isolants of IHNV were used in this study.

The host

species, location, year of isolation, concentration, and

electropherotype are given in Table 1.

Viruses were isolated and

identified by methods previously described (Amos 1985).

To

determine the biochemical relatedness of the IHNV isolants,
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Table IV.1.

Isolants of infectious hematopoietic necrosis virus (IHNV).
IHNV

Isolant

Host

Geographic Location

Year

Oncorhynchus mykiss

Deschutes River, Oregon

1986

COW

Oncorhynchus mykiss

Cowlitz River, Washington 1981

7.3

2

HAG

Oncorhynchus mykiss

Snake River, Idaho

1983

7.8

2

DW

Oncorhynchus mykiss

Clearwater River, Idaho

1986

7.5

3

1986

8.2

3

Oncorhynchus tshawytscha Trinity River, California 1986

8.3

3

RBH

ER
TR

Oncorhynchus tshawytscha Elk River, Oregon

Concentrationa
7.8

Type

1

a

IHNV concentrations expressed as log10 plaque forming units/ml of virus stocks used
in fish exposures.
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electrophoretic patterns of the structural polypeptides were
compared.

Virus purification was performed by methods described by

Leong et al. (1981).

Sodium dodecylsulfate polyacrylamide gel

electrophoresis (SDS-PAGE) was performed under conditions similar
to those of Lammeli (1970).

Purified virus was mixed 1:1 in sample

buffer (120 mM tris base, 4% w/v SDS, 10% v/v 2-mercaptoethanol,
20% v/v glycerol, and 3 mM bromophenol blue), and placed in a
boiling water bath for 2-3 min.

Polypeptides were separated by

electrophoresis using a 12% separating gel and a 4.5% stacking gel,
for 6-7 h at 12 mA.

The silver staining method used was the same

as that reported by Merril et al. (1981).
electropherotypes of IHNV were compared.

Different

These were type 1 from

kokanee salmon Oncorh nchus nerka (Metolius River, Oregon, USA),
type 2 from steelhead trout (Lewis River, Washington, USA), type 4

from chinook salmon (Sacramento River, California, USA), and
type 5
from sockeye salmon (Cedar River, Washington) (Hsu et al. 1986).

This same analysis was used to compare isolants obtained from
three
species (steelhead trout, rainbow trout, and chinook salmon) at
Dworshak National Fish Hatchery (Clearwater River, Idaho, USA), a
site where IHNV is enzootic.

Fish
Alevin chinook salmon and steelhead trout with no history of
IHNV were provided by the Oregon Department of Fish and Wildlife.
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Fish were held at the Oregon State University Fish Disease
Laboratory in 12°C fish-pathogen-free well water where experiments
were conducted.

Fish were tested for IHNV susceptibility at two

different mean weights.

Chinook salmon were tested at 0.6 g and

1.4 g mean weight and steelhead trout at 0.4 g and 1.8 g.

Exposure of Fish to Virus

Virulence of the six IHNV isolants for chinook salmon and
steelhead trout was determined by waterborne exposures to virus.
Groups of thirty fish were exposed to four dilutions of virus
prepared in containers with 1 L of static well water to achieve
concentrations of approximately 10 2 -10 5 plaque-forming units

(pfu)/mL.

Fish in control groups were treated the same but no

virus was added.

During the 12 h exposure, water was aerated and

containers were partially immersed in free-flowing water to
maintain a constant temperature.

After the exposure period, the

contents of each container was placed into a 68 L fiberglass
aquarium receiving single-pass water flowing at a rate of
approximately 1 L/min.

Fish were fed twice daily a diet of Oregon

Moist Pellet and observed for signs of IHNV infection.
were removed daily, weighed, and examined for virus.

Dead fish
Cumulative

percent mortality and the 50% lethal dose values (Reed & Muench
1938) were calculated from the accumulated mortality.

Comparisons

were made for each species of fish and virus strain at two mean
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body weights.

Cumulative mortality data were analyzed by logistic

regression with the statistical software package GLIM (Royal
Statistical Society 1985).

Isolation and quantitation of virus
All dead fish were examined for virus as described by Amos
(1985).

Quantitation of virus used in fish exposures or isolated

from dead fish was accomplished by plaque assay procedures similar
to those of Burke and Mulcahy (1980).

For isolation, cell cultures

were observed daily for 10 d for the characteristic cytopathology
produced by IHNV.

Isolants from each experiment were confirmed as

IHNV by neutralization tests with specific antiserum.
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Results

Electropherotyping of Virus Isolants
Electrophoretic profiles of the six virus isolants by SDS-PAGE
showed differences in the structural proteins (Fig. 1).

The RBH

isolant had a low molecular weight nucleocapsid (N) protein,
the
COW and HAG isolants had a higher molecular weight N protein,
and
DW, ER, and TR a slightly higher molecular weight N.

The RBH

isolant was a type 1 IHNV, COW and HAG isolants
were type 2, and
DW, ER, and TR type 3.

All isolants obtained from infected fish at

Dworshak National Fish Hatchery were type 3 (Fig. 2).

Species Susceptibility and Virus Virulence
Chinook salmon infected with the RBH, COW, HAG, and
DW
isolants generally had a lower cumulative percent mortality
at both
sizes than chinook infected with the ER and TR isolants
(Table
2).

Steelhead trout infected with RBH, ER, and TR generally
had a

lower cumulative percent mortality at both
sizes than steelhead

infected with COW, HAG, and DW (Table 3).

Although accurate 50%

lethal dose (LD50) values could not be calculated
in all cases, a
trend was evident.

The ER and TR isolants had lower LD50's for

chinook salmon at 0.6 g mean body weight, but all
isolants were

less virulent in chinook at the 1.4 g size.

The COW, HAG, and DW

isolants had lower LD50's for steelhead trout
at 0.4 g mean body
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Figure IV.1.

Electrophoretic profile of different isolants of
infectious hematopoietic necrosis virus.
Lane
representations are S, molecular weight standards;
1, type 2; 2, type 1; 3, type 4; 4, isolant from
rainbow trout Oncorh nchus mykiss at International
Aquaculture Research Center (Hagerman Valley, Idaho,
USA); 5, isolant from steelhead trout adult
Oncorh nchus mykiss at Cowlitz Fish Hatchery
(Cowlitz River, Washington, USA); 6, isolant from
steelhead trout adult at Round Butte Hatchery
(Deschutes River, Oregon, USA); 7, isolant from
chinook salmon adult Oncorh nchus tshaw tscha at Elk
River Hatchery (Elk River, Oregon); 8, isolant from
chinook salmon adult at Trinity River Hatchery
(Trinity River, California, USA); 9, type 5; 10,
type 1.
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Figure IV.2.

Electrophoretic profile of different isolants of
infectious hematopoietic necrosis virus obtained
from infected fish at Dworshak National Fish
Hatchery (Clearwater River, Idaho, USA). Lane
representations are S, molecular weight standards;
1, type 1; 2, isolant from steelhead trout adult
Oncorh nchus mykiss; 3, isolant from steelhead trout
juvenile; 4, isolant from chinook salmon adult
Oncorh nchus tshaw tscha; 5, isolant from rainbow
trout juvenile Oncorh nchus mykiss, 6, type 2.
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Table IV. 2.

Mean

Weight (g)

0.6

Cumulative percent mortality (n=30) of chinook salmon Oncorhynchus tshawytscha when infected with six
isolants of infectious hematopoietic necrosis virus (IHNV) at two different mean body weights.

IHNV

Isolant

RBHc

COW

f

ERg
TR

h

IHNV Exposure Concentration

Type

5.08

4.0

3.0

2.0

Cb

1

40

23

3

0

0

2

17

7

7

2

17

7

3

20

3

3

Mean

Weight (g)

1.4

IHNV

IHNV

Isolant

Type

IHNV Exposure Concentration
5.0

4.0

3.0

2.0

RBH

1

3

0

0

0

13

COW

2

0

3

0

0

3

0

HAG

2

3

0

0

0

23

7

0

DW

3

0

0

0

3

93

73

13

7

ER

3

39

27

10

3

93

57

44

37

TR

3

23

4

0

0

C

0

d

HAGe
DW

IHNV

a

IHNV concentrations expressed as log10 plaque forming units/mL water the time of exposure.
C = control.

b
c

From steelhead trout Oncorhynchus mykiss at Round Butte Hatchery (Deschutes River, Oregon, USA).
From steelhead trout at Cowlitz Fish Hatchery (Cowlitz River, Washington, USA).
e
From rainbow trout Oncorhynchus mykiss at International Aquaculture Research Center (Hagerman Valley, Idaho, USA).
(From steelhead trout at Dworshak National Fish Hatchery (Clearwater River, Idaho, USA).
d

gFrom chinook salmon at Elk River Hatchery (Elk River, Oregon, USA).
h
From chinook salmon at Trinity River Hatchery (Trinity River, California, USA).

Table IV.3.

Mean

Weight (g)

0.4

Cumulative percent mortality (n=30) of steelhead trout Oncorhynchus mykiss when infected with
six
isolants of infectious hematopoietic necrosis virus (IHNV) at two different mean body weights.

IHNV

Isolant

RBHc

COW

d

HAGe
DW

IHNV Exposure Concentration

Type

5.013

1

2

2

f

ERg
TR

IHNV

3

3

4.0

3.0

2.0

Cb

53

43

3

0

87

53

97

93

100

30

100

67

Mean
Weight (g)

1.6

IHNV

Isolant

IHNV
Type

IHNV Exposure Concentration
5.0

4.0

3.0

2.0

C

0

RBH

1

17

27

13

3

63

COW

2

50

13

17

17

59

77

HAG

2

37

27

20

20

87

73

47

DW

3

40

23

30

3

27

7

3

ER

3

10

7

7

0

17

27

10

TR

3

20

3

3

7

h
3

50

a
b

IHNV concentrations expressed as log10 plaque forming units/ml water the time of
exposure.
C = control.

cFrom steelhead trout at Round Butte Hatchery (Deschutes River,
Oregon, USA).
d
From steelhead trout at Cowlitz Fish Hatchery (Cowlitz River, Washington, USA).
eFrom rainbow trout Oncorhynchus mykiss at International Aquaculture Research
Center (Hagerman Valley, Idaho, USA).
(From steelhead trout at Dworshak National Fish Hatchery (Clearwater
River, Idaho, USA).
gFrom chinook salmon Oncorhynchus tshawytscha at Elk River Hatchery (Elk
River, Oregon, USA).
h
From chinook salmon at Trinity River Hatchery (Trinity River, California, USA).
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weight, but all isolants appeared less virulent in steelhead
at the
1.8 g size (Table 4).

Chinook salmon (0.6 g mean weight) at the highest exposure
concentration had a significant difference between isolants (p
<.005), assuming binomial error.

Cumulative mortalities for ER and

TR isolants were significantly greater than cumulative mortalities
for the other isolants.

A model with a higher common mortality

rate for the ER and TR isolants and a lower common mortality
rate

for RBH, COW, HAG, and DW isolants fits the data (lack of
fit, p
>.20 assuming binomial error).

Steelhead trout (0.4 g mean weight) at the highest exposure
concentration had a significant difference between isolants (p
<.005 assuming binomial error).
data (lack of fit, p >.20).

A model with three groups fit the

The highest mortality rate is for a

group with COW, HAG, and DW isolants, the next highest rate is for
a group with ER and TR isolants,

and the lowest mortality rate for

the RBH isolant.

Virus Quantitation and Confirmation
Virus was reisolated in concentrations ranging from 10 3.9
to
107'1 pfu/g of tissue from greater
than 90% of all mortalities.

The isolants were confirmed as IHNV by serum neutralization and
considered to be the cause of death.
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Table IV.4.

Lethal dose 50% values for isolants of infectious hematopoietic
necrosis virus (IHNV) used to infect chinook salmon Oncorhynchus
tshawytscha and steelhead trout Oncorhynchus mykiss at two
different mean body weights.

IHNV

IHNV

Isolant

type

Chinook
0.6 q

b

Steelhead
1.4 g

0.4 g

1.8 g

>5.9

5.6

5.6

RBHa

1

>5.8

COWc

2

>5.3

>5.4

<2.4

4.8

2

>6.0

>6.4

<2.6

>5.0

3

>5.4

>5.7

2.6

>5.3

3

4.8

>6.4

5.8

>6.0

3

5.0

>6.8

6.4

>6.2

HAG

d

DWe
ER

f

TRg

a

From steelhead trout at Round Butte Hatchery (Deschutes River, Oregon, USA).
b

Lethal concentration 50% expressed as log10 values.

c

d

From steelhead trout at Cowlitz Fish Hatchery (Cowlitz River,
Washington, USA).
From rainbow trout Oncorhynchus mykiss at International Aquaculture
Research
Center (Hagerman Valley, Idaho, USA).

e

From steelhead trout at Dworshak National Fish Hatchery (Clearwater
River,

IdahoUSA).

From chinook salmon at Elk River Hatchery (Elk River, Oregon, USA).
9From chinook salmon at Trinity River Hatchery (Trinity
River, California, USA).
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Discussion

Recent serological studies using polyclonal or monoclonal
reagents against IHNV have failed to correlate groupings of IHNV
isolants with virulence characteristics.

Winton et al. (1988) used

three neutralizing monoclonal antibodies to types 1, 2, and 3 IHNV
strains and examined 12 isolants from infected salmonids in Japan
and Alaska, Washington, Oregon, California, and Idaho, USA.

The

antibodies recognized antigenic variants and allowed separation of
isolants into four groups which were more related by geographic
area than by host species or virulence.

Engelking (1987) compared

serological typing with the biochemical scheme using polyclonal
reagents produced against whole virus or purified glycoprotein of
type 1 and 4 IHNV strains.

Comparing different electropherotypes

in plaque reduction assays only one serotype was identified,
in
agreement with earlier studies.
The virulence of IHNV isolants for different salmonid species
has been reported previously (Rucker et al. 1953; Wingfield
et al.
1970; Chen 1984) but no attempt was made to correlate virulence
with a strain typing scheme.

LaPatra et al. (submitted) compared

virulence of type 1 and 2 IHNV in kokanee salmon and rainbow
trout.

The type 1 strain was more virulent for kokanee, whereas,

type 2 was more virulent for rainbow.

Results of this study showed

that Columbia River basin IHNV electropherotypes (types 2 and 3)
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are more virulent for steelhead trout and IHNV electropherotypes
from southern Oregon and California (type 3) are more virulent for
chinook salmon.
both species.

A type 1 electropherotype was less virulent for
Isolants of type 3 IHNV exhibit differences in

virulence dependent on the geographic location from which they were
obtained.

Hsu et al. (1985) noted that the nucleoprotein or N protein
molecular weight differences detected for different IHNV isolants

were unique to other rhabdoviruses such as rabies and vesicular
stomatitis virus.
also exist.

Other differences between these rhabdoviruses

The glycoprotein (G) is present in 10% the

concentration for IHNV as compared to rabies (Hsu et al. 1985).

While differences in G could not be detected among strains of IHNV
with polyvalent antisera (Engelking 1987), they were detected with
G-specific monoclonal antibodies (Winton et al. 1988).

Examining

characteristics of both the N and G proteins could possibly
accurately define virulence.

This may also explain the discrepancy

observed with virulence differences seen in type 3 IHNV strains
used in this study.

Another explanation is the difficulty in

distinguishing type 2 and 3 strains by SDS-PAGE.

There is

approximately a 2000 dalton molecular weight difference between
type 1 and 2 but only a 500-1000 dalton difference between
type 2
and 3.

This small difference can be difficult to detect

consistently by standard SDS-PAGE.

The use of gradient gels may
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allow better separation of N proteins by SDS-PAGE.

Monoclonal

antibodies produced against the N protein of electropherotypes of
IHNV may allow more accurate serological strain differentiation.
Hsu et al. (1986) reported a type 1 from chinook salmon at Dworshak
National Fish Hatchery (1980) where we detected a type 3.

An

epizootiological study of many isolants from different years may
clarify this.
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CHAPTER V

Comparative Pathogenesis of Three Strains of Infectious

Hematopoietic Necrosis Virus in Rainbow Trout
Oncorhynchus mykiss
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Abstract

The pathogenicity of three strains of infectious hematopoietic
necrosis virus (IHNV) were compared after infection of alevin
rainbow trout Oncorh nchus mykiss by waterborne exposures to
approximately equal concentrations of each strain.

The Idaho

strain of IHNV (type 2) was the most virulent and induced a 62%
mortality over a 10 d period at water temperatures of 10°C.

In

contrast, strains of IHNV from Oregon (type 1) and California (type
3) caused only a 4% and 6% mortality, respectively, among rainbow
trout infected under the same conditions.

Microscopic signs of

infection (hematopoietic necrosis) were first detected 3-4 d
following exposure to virus.

In trout exposed to the Idaho strain

of IHNV, the disease was severe and progressive until termination
of the study.

The Oregon and California strains of the virus

induced similar changes in the kidney, spleen, and pancreas but
these were less severe and by 8-10 d following exposure had
resolved in most of the fish.

These results agree with other

studies that have found type 2 strains to be most pathogenic for
rainbow trout.
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Introduction

Infectious hematopoietic necrosis virus (IHNV) is a
rhabdovirus of economic importance as a pathogen of salmon and
trout.

Once confined to the Pacific Northwest of North America,

the virus is now enzootic in Japan and the disease has been
observed in the eastern United States (Wolf 1988), Taiwan (Chen et
al. 1985) and recently in Italy (Bovo et al. 1987) and France

(HattenbergerBaudouy and de Kinkelin 1988).

This virus is

responsible for increasing yearly losses of young fish at
hatcheries in North America (Busch 1983; Groberg and Fryer 1983).
Infectious hematopoietic necrosis (IHN) is primarily a disease
of sockeye (kokanee) Oncorh nchus nerka and chinook Oncorhynchus,
tshawytscha salmon and rainbow (steelhead) trout Oncorhynchus
mykiss.

Initial comparisons of virus isolants obtained from

naturallyinfected sockeye and chinook salmon, and rainbow trout
showed the viruses had similar morphology and induced identical
signs of disease in the three hosts (Amend and Chambers 1970).
Microscopic signs of disease in infected fish are characterized
by
necrosis of the hematopoietic tissues in the kidney and spleen and
necrosis of endocrine and exocrine pancreas (Amend et al. 1969).
Signs of the disease in chinook salmon are similar to those in
infected sockeye salmon and rainbow trout and the virus is

cytotropic for, but not confined to, hematopoietic tissue (Yasutake
et al. 1965).
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In their review of the literature, Pilcher and Fryer (1980)

concluded that virus isolants from sockeye and chinook salmon and
rainbow trout may exhibit different degrees of virulence.

Initial

attempts at distinguishing strains of IHNV by serological studies
showed some differences, but failed to identify distinct serotypes
(McCain et al. 1971).

Recent studies have shown differences in the

molecular weights of virion structural proteins (Leong et al. 1981)
and have allowed separation of 71 isolants into five types (Hsu et
al. 1986).

Winton et al. (1988) used three monoclonal antibodies

and were able to separate 12 IHNV isolants into four groups.

In

this study the virulence and pathogenesis of three of the most
commonly encountered strains (type 1, 2, 3) of IHNV are compared in
rainbow trout.
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Materials and Methods

Cell lines

Two fish cell lines were used for the isolation,
propagation,
and identification of the virus isolants used in this study:

(1)

the CHSE-214 line (ATCC CRL 1681) from chinook salmon
(Lannan et
al. 1984) and (2) EPC from common carp Cyprinus carpio (Fijan
et
al. 1983).

Both lines were grown in minimum essential medium (MEM,

GIBCO Laboratories, Grand Island, NY, USA) supplemented
with fetal
bovine serum (FBS, Hyclone Laboratories, Ogden, UT, USA)
to 10%
(MEM-10), L-glutamine to 10 mM, penicillin to 50 I.U./mL,

streptomycin to 50 ug/mL, and buffered with 7.5% sodium
bicarbonate
or .15 mM hepes (all from GIBCO).

For routine cell propagation,

the CHSE-214 line was incubated at 20°C and the EPC
line at 25°C.

Viruses

Viruses used in this study were a 1983 isolant of IHNV from
steelhead trout at Round Butte Hatchery (Deschutes
River, Oregon,

USA), a 1983 isolant from rainbow trout at
International
Aquaculture Research Center (Hagerman Valley, Idaho, USA),
and a
1984 isolant from chinook salmon at Trinity
River Hatchery (Trinity
River, California, USA).

All of the viruses were isolated and

identified by standard methods (Amos 1985),
grown in CHSE-214 cells
at 16°C in MEM-5, and stored at -70°C.
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To determine the electropherotype of the Oregon, Idaho, and
California IHNV isolants, electrophoretic patterns of the
structural polypeptides were compared.

Virus purification was

performed as described by Leong et al. (1981).

Sodium

dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE)
conditions were similar to those of Lammeli (1970).

Purified virus

was mixed 1:1 in 2x sample buffer (120 mM tris base, 4% w/v SDS,
10% w/v 2-mercaptoethanol, 20% v/v glycerol, and 3 mM bromophenol
blue), and placed in a boiling water bath for 1-2 min.
Polypeptides were separated by electrophoresis using a 12%
separating gel and a 4.5% stacking gel, for 6-7 h at 12 mA.

The

standard molecular weight marker proteins (Bio-Rad Laboratories,
Richmond, CA, USA) were prepared as described by the
manufacturer.

The protein markers included phosphorylase b

(94,000), bovine serum albumin (68,000), ovalbumin (43,000),
carbonic anhydrase (30,000), soybean trypsin inhibitor (21,000),
and lysozyme (14,000).

After electrophoresis, the polypeptides

were stained using silver nitrate as described by Merril et al.
(1981).

A type 1 IHNV from kokanee salmon (Metolius River, Oregon,

USA), previously described by Hsu et al. (1986), was also used in
the electrophoretic comparison.
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Experimental fish
Rainbow trout, 2.8 g mean weight and 6-8 months old, were
provided by Mt. Lassen Trout Farms (Red Bluff, California, USA).
Fish were held at the University of California, Davis, Fish Disease
Laboratory in 10°C fish-pathogen-free well water where all
experiments were conducted.

Fish were fed a dry pellet diet

(Silver Cup) twice daily.

Artificial infections

Waterborne infections were induced in rainbow trout by
preparing replicate dilutions of each of the three strains in
aquaria with 2 L of well water to achieve 105'5 to 106'0 pfu/ml.
Fifty fish were placed into each aquarium with virus and into two
control aquaria to which only cell culture supernatant was added.
After a 12 h exposure with aeration, the water (10°C) flow was
resumed at a rate of approximately 0.2 L/min.

Histology

From one replicate of each virus exposed group and one mock
infected control group, five fish were removed on each of 10
consecutive days beginning immediately following exposure.

Fish

were euthanized, the abdomens opened, and placed in Bouin's
solution for approximately 25 d.

Midline saggital sections from

paraffin embedded whole fish were stained with hematoxylin and
eosin, observed and photographed with an Olympus BH-2 microscope.
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Detection of virus after artificial infection

The second replicate of each virus-exposed group and mockinfected control were monitored for mortality.

Dead fish were

removed daily, weighed, and examined for virus by standard methods
(Amos 1985).

Virus concentrations used in fish exposures or

isolated from dead fish were determined by plaque assay procedures
similar to those described by Burke and Mulcahy (1980) using EPC
cells incubated at 15°C for 10

d.
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Results

Viruses

Electrophoretic profiles of the three virus isolants showed
differences in the structural proteins (Fig. 1).

Comparison of the

relative mobilities of the nucleocapsid (N) protein showed the
three were different for this virion polypeptide.

The N protein

was the smallest for both Oregon isolants, greater for the Idaho
isolant and greatest for the California isolant.

Based on these N

protein size determinations both Oregon isolants were type 1 IHNV,
the Idaho isolant a type 2, and the California isolant a type 3
(Hsu et al. 1986).

Histological Comparison

Control:

Tissues from fish examined 1, 7 and 10 d post-

exposure showed no marked changes.

There were slight depletions of

hematopoietic tissue from the anterior and posterior kidney.

The

spleen, liver, pancreas, skin, heart, and gills had no detectable
pathological changes.

Oregon:

In fish infected with the Oregon isolant of IHNV,

necrotic cells in the hematopoietic tissue of the anterior and
posterior kidney were observed in one of five fish on day 3 and
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Figure V.1.

Electrophoretic profile of different isolants of
infectious hematopoietic necrosis virus (IHNV) used
in this study. Lane representations are 1,
molecular weight standards; 2, isolant from
steelhead trout Oncorh nchus mykiss at Round Butte
Hatchery (Deschutes River, Oregon, USA); 3, isolant
from rainbow trout Oncorh nchus mykiss at
International Aquaculture Research Center (Hagerman
Valley, Idaho, USA); 4, isolant from chinook salmon
Oncorhynchus tshaw tscha at Trinity River Hatchery
(Trinity River, California, USA); 5, isolant from
kokanee salmon Oncorh nchus nerka (Metolius River,
Oregon, USA); 6, molecular weight standards.
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4.

The extent of necrosis increased in the kidney and spleen by

days 5 and 6.
day 7.

There was a severe multifocal to diffuse necrosis on

Pancreatic necrosis in one of five fish was also observed

on day 7 but the liver and pancreas of all fish were not severely
affected.

On days 8-10, there was resolution of the lesions and

only isolated necrotic cells occurred in most fish.

On day 10, one

of five fish had severe necrosis of the kidney, spleen, and
ventricle of the heart.

Idaho:

There were no changes detected until 4 d post-exposure

in fish infected with the Idaho isolant of IHNV.

Isolated necrotic

cells were present in the hematopoietic tissue of the anterior and
posterior kidney in two of five fish.

There was multifocal

necrosis of renal hematopoietic tissue in all five fish on day 5.
By day 6, there was diffuse necrosis with hemorrhages in the
anterior (Fig. 2A and 2B) and posterior kidney.

The posterior

kidney also had tubular changes including degeneration of the
tubular epithelium (Fig. 2C and 2D).

The spleen showed similar

pathology in the hematopoietic tissue including loss of ellipsoids
and nuclear changes (Fig. 2E and 2F) in three of five fish and
there was also multifocal necrosis in the pancreas of one of five
fish.

Multifocal hepatic necrosis with hepatocytes exhibiting

margination of chromatin and the thickened nuclear membranes (Fig.
3A and 3B) occurred in one of five fish on day 7.

There was also a
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Figure V.2.

Oncorh nchus mykiss. Histological sections of
rainbow trout infected with type 2 infectious
hematopoietic necrosis virus from Idaho, USA. (A)
and (B) affected hematopoietic tissue in the anterior
kidney; (C) and (D) affected hematopoietic tissue and
proximal tubules in the posterior kidney; (E) and (F)
spleen. Hematoxylin and eosin stain. Bar = 20 pm.

86

Figure V.3.

Oncorh nchus mykiss. Histological section of
affected tissues in rainbow trout infected with type
2 infectious hematopoietic necrosis virus from Idaho,
USA.
(A) and (B) liver; (C) and (D) pancreas.
Hematoxylin and eosin stain.
Bar = 20 pm.
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diffuse and moderate to severe necrosis of the anterior and
posterior kidneys and spleens of all fish on day 7.

The pancreas

of three of five fish also showed similar necrotic changes
including degeneration and necrosis of the exocrine and endocrine
tissues on day 7 (Fig. 3E and 3F).

Necrosis became progressively

more severe on days 8-10 in the anterior and posterior kidney and
pancreas.

Edema was also evident in these fish.

California:

The first significant changes in fish infected

with the California isolant of IHNV were observed on day 5 and
consisted of focal, random necrotic cells in the hematopoietic
tissue of the anterior kidney in one of five fish and mild necrosis
in the pancreas of two of five fish.

On day 6, four of five fish

had moderate necrosis of the hematopoietic tissues of the anterior
and posterior kidney and spleen.
in one of five fish.

There was also hepatic necrosis

By day 7, the extent of necrosis decreased

and two of five fish had a moderate necrosis of the hematopoietic
cells of the kidney and spleen.

On days 8-10, residual small areas

of necrosis surrounded by macrophages containing necrotic debris
were common.

By day 10, few necrotic cells were found and all

lesions were resolved in the five fish examined.
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Detection of virus after artificial infection
Cumulative percent mortality 10 d post-exposure was 4% (2/50),
62% (31/50), and 6% (3/50) in rainbow trout infected with the
Oregon, Idaho, and California isolants of IHNV, respectively.

When

the experiment was terminated (21 d) mortality was 14%, 86%, and

14% for the Oregon, Idaho, and California IHNV isolants,
respectively (Table 1).

Virus was isolated from all dead fish and

virus concentrations in 16 randomly selected dead fish ranged from
105'3 to 106'7 pfu/g of viscera.
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Table V.1.

Oncorh nchus m kiss. Cumulative percent mortality in
rainbow trout (n = 50) after artificial infection with
three isolants of infectious hematopoietic necrosis
virus (IHNV).

IHNV
Strain

Exposure
Concentration

Day Post-Infection
10

21

cb

Oregona

8.3 x 10'

4

14

Idahoc

3.1 x 105

62

86

Californiad

9.8 x 105

6

14

a

Type 1 isolant from steelhead trout Oncorhynchus
mykiss, at Round Butte Hatchery (Deschutes River,
Oregon, USA).

b

IHNV concentrations are plaque forming units/mL.

CType 2 isolant from rainbow trout Oncorh nchus mykiss,
at International Aquaculture Research Center
(Hagerman Valley, Idaho, USA).
d

Type 3 isolant from chinook salmon Oncorhynchus
tshawytscha at Trinity River Hatchery (Trinity
River, California, USA).
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Discussion

Previous studies have shown that IHNV is cytotropic for
hematopoietic tissue of the kidney but the spleen, liver, pancreas,
and granular cells of the stomach also exhibit degenerative changes
(Wood and Yatsuke 1970).

Yasutake and Amend (1972) described the

histopathogenesis of IHN in sockeye salmon artificially infected
with one isolant of IHNV.

This study compared the

histopathogenesis of three electropherotypes of IHNV in rainbow
trout and correlated histological changes with virus-induced
mortality.

Microscopic pathology induced by the Oregon and California
isolants, types 1 and 3 IHNV strains, was less severe and involved

fewer tissue types in rainbow trout than the type 2 IHNV from
Idaho.

Histological changes in rainbow trout infected with type 2

IHNV began 4 d post-infection in the hematopoietic tissue of the
kidney with further involvement of the spleen, liver, and
pancreatic tissues.

These observations are in agreement with

results of earlier studies except for the absence of eosinophilic

granular cells of the lamina propria (Yasutake and Amend 1972).
Detection of eosinophilic granular cells may be dependent on
chemical fixation and staining procedures and age of the fish.
Fish used in this study were 6-8 months old and it has been
reported that no granular cell involvement was observed in 7-14
month old sockeye salmon (Yasutake 1978).
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Virus-induced mortality was correlated with the severity of
the histological lesions that were observed.

The type 2 strain was

more virulent and caused more severe lesions than type 1 and 3
strains in rainbow trout.

LaPatra et al. (submitted) have shown

that there are host-adapted strains of IHNV with the ability to
produce disease in larger salmonids.

A type 2 strain from Idaho

was shown to be more virulent for rainbow trout and a type 1 strain
from Oregon was more virulent for kokanee salmon.

A type 3 strain

from California has also been shown to be more virulent for chinook
salmon (LaPatra et al. submitted).

This study supports those

results and shows histologically that type 2 IHNV strains are more
virulent to rainbow trout.

Recent studies have shown that different IHNV isolants can be
grouped by antigenic, biochemical, and virulence characteristics
and that not all IHNV isolants are the same.

This study

demonstrates a correlation between virulence and electrophoretic
mobility of the N protein of different IHNV isolants.

Serological

comparisons of IHNV isolants using monoclonal antibodies directed
against the glycoprotein (G) tended to group isolants more by
geographic location rather than virulence (Winton et al. 1988).
For other rhabdoviruses such as rabies, it has been shown with Gspecific monoclonal antibodies that pathogenicity is dependent on
the presence of antigenic determinant on the G protein (Dietzschold
et al. 1983).

Possibly, the use of monoclonal antibodies directed
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against the N protein of different electropherotypes of IHNV would
allow serological separation of IHNV isolants that correlated more
with virulence.

These monoclonals may also provide a way to

identify factors involved in the regulation of IHNV pathogenicity.
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CHAPTER VI

Fluorescent Antibody Test for the Rapid Diagnosis of
Infectious Hematopoietic Necrosis
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Abstract

A fluorescent antibody test (FAT) was developed for the rapid
detection of infectious hematopoietic necrosis virus (IHNV).

Both

polyclonal and monoclonal antibodies prepared against IHNV were
evaluated.

Parameters investigated included:

fixative, dilutions

of antibody reagents, staining time, and fluorescent conjugate.
Specificity tests of the FAT indicated no cross-reactivity with
viruses or with cell lines of salmonid and non-salmonid origin.
All strains of IHNV tested, including different electropherotypes,
those isolated from selected salmonids at different stages of their
life cycle, and from different geographic regions reacted with both
antibody preparations.

The FAT has been used for detection of IHNV

in blood smears and organ imprints from clinically infected
juveniles and IHNV-infected cells in ovarian fluid from adult
carriers.

Using this FAT, IHNV was detected after 48 h in cell

lines inoculated with infected fish tissue.

The test was equal in

sensitivity to the plaque assay method and required less time to
obtain a definitive diagnosis.

100

Introduction

Infectious hematopoietic necrosis (IHN) is a highly contagious

and lethal viral disease of certain species of Pacific salmon and
trout.

This rhabdovirus can only be detected in juvenile fish or

spawning adults at sexual maturity (Amend 1975).

Epizootics in

young salmonids (1 g) may cause mortality in excess of 90% (Pilcher
and Fryer 1980).

Burke and Grischowsky (1984) and Traxler (1986)

have reported less severe epizootics in yearlings and smolts and
LaPatra et al. (1985) demonstrated experimentally that yearling
rainbow trout (Oncorh nchus mykiss) and kokanee salmon

(Oncorhynchus,nerka) are susceptible to IHNV.

Adult salmonids

serve as asymptomatic carriers and may transmit the virus to their
progeny (Groberg and Fryer 1983; Mulcahy and Pascho 1985).
Detection of IHNV in infected or carrier fish is routinely
accomplished using standard cell culture techniques (Amos 1985).
Examination of peripheral blood and kidney impressions taken from
young infected fish frequently exhibit specific hematopathological
changes (Charlie Smith, United States Fish and Wildlife Service,
personal communication).

Some virus-negative spawning adults may

become virus-positive after spawning (LaPatra and Groberg 1985).
It is thought that infected cells in the reproductive fluids
are
responsible for this delayed appearance of IHNV in adults (Mulcahy
and Batts 1987; LaPatra et al. in press).
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Rapid detection of an IHN epizootic is important so that
quarantine of infected fish may begin.

No vaccines or anti-viral

drugs are available for control of this disease and avoidance of
the pathogen is the only means of control.

Susceptible cells do

not reveal typical cytopathic effects (CPE) for 48-72 h postinfection which only provides a presumptive diagnosis.

A

confirmatory diagnosis depends on neutralization by specific IHNV
antiserum and requires an additional 7-10 d.

We have developed a

fluorescent antibody test using IHNV-specific antiserum designed
to

enhance speed in detection and confirmation.

Results indicate this

is both a useful diagnostic aid and tool to study the biology of
IHNV.
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Materials and Methods

Cell Lines

Two fish cell lines were used for the isolation, propagation
and quantitation of IHNV isolates:

(1) CHSE-214 line (ATCC CCL

1681) from chinook salmon (Oncorh nchus tshawytscha) (Lannan et al.
1984) and (2) EPC from common carp (Cyprinus carpio) (Fijan et al.
1983).

Other fish cell lines used to determine cross-reactivity of
the antisera preparations were:

(1) BB (ATCC CRL 58) from brown

bullhead (Ictalurus nebulosus), (2) BF-2 (ATCC CLL 91) from
bluegill (Lepomis macrochirus), (3) CCO from catfish (I.
punctatus), (4) FHM (ATCC CCL 42) from fathead minnow (Pimephales
promelas), (5) CHH-1 from chum salmon (O. keta), (6) CSE-119 from
coho salmon (O. kisutch), (7) KO-6 from kokanee salmon, (8) RTG-2
(ATCC CCL 55) from rainbow trout, (9) RTH-149 from rainbow trout,

(10) SSE-5 from sockeye salmon (O_ nerka) and (11) STE-137 from
steelhead trout (O. mykiss).

All lines were propagated in Eagle's minimal essential medium
(MEM, GIBCO Laboratories, Grand Island, NY) supplemented with fetal

bovine serum (HyClone Laboratories, Logan, UT) to 10% (MEM-10), Lglutamine to 10 mM, penicillin to 50 I.U./mL, streptomycin to 50
ug/mL and buffered with 7.5% sodium bicarbonate or tris
hydrochloride to pH 7.5.

For routine cell propagation, lines of
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salmonid origin were incubated at 18°C and the lines of

non

salmonid origin at 25°C.

Virus Strains

One hundred isolates of IHNV were used.

These were obtained

from salmon (chinook, sockeye, kokanee and coho) and trout (rainbow

and steelhead) at different stages of their life cycles and from
the United States (Oregon, Washington, Idaho, California and

Alaska), Canada, Japan, and Europe.

These were selected because

they represent a broad range of host species, geographic
regions,

and different years in which IHNV was detected.
were:

Also included

(1) isolates representing the five electropherotypes (Hsu
et

al. 1986); (2) strains differentiated by plaque size, growth
rate,
time to appearance of CPE, and optimal growth temperature
(Mulcahy

et al. 1984); (3) strains from four groups based upon their
recognition of three neutralizing monoclonal antibodies (Winton
et
al. 1988); and (4) species specific strains of IHNV (LaPatra
et al.
1985).

Other viruses isolated from salmon and trout which were

examined for crossreactivity were infectious pancreatic necrosis
virus (serotypes VR299, SP and AB) (Wolf and Quimby 1971),
viral

hemorrhagic septicemia virus (Wolf 1966), Oncorh nchus
masou virus
(Kimura et al. 1981), chinook salmon paramyxovirus
(Winton et al.

1985), and chum salmon reovirus (Winton et al. 1981).

Viruses from
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non-salmonid species included channel catfish virus (Wolf and
Darlington 1971), golden shiner virus (Plumb et al. 1979), and
other members of the birnaviridae (Hedrick et al. 1986).

Polyclonal Antiserum Preparation
Purification of virus and production of antiserum in New
Zealand white rabbits was accomplished as described by Hsu and
Leong (1985).

A portion of the antiserum (Rab) was adsorbed in

vivo in rainbow trout (IVRab) (P. E. Vesterg &rd J6rgensen, State
Veterinary Serum Laboratory, Copenhagen, Denmark, personal
communication) to remove cross-reacting antibodies.

Three year old

trout reared in pathogen-free-well water were injected
intraperitoneally (i.p.) with 1.0 mL of hyperimmune rabbit serum
per 400 g of fish.

Fish were bled from the caudal blood vessels at

28, 52 and 120 h post-injection.

The blood was allowed to clot

overnight at 4°C and the serum was harvested and stored at -20°C.

Development of Monoclonal Antibody

Roberti (1987) described methods used for development of antiIHNV IgG monoclonal antibodies.

Balb/c mice (6 to 8 weeks old)

were injected i.p. twice at 21 d intervals with a 0.1 mL suspension
of IHNV (isolate 193-110 from rainbow trout, Hagerman Valley,
Idaho, 1984) in balanced salt solution.

Four days prior to spleen

removal, an additional 0.1 mL booster was administered.

Hybridomas
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were produced by a modification of the methods described by Mishell
and Shiigi (1980) and Lane (1985).

Spleen cells from immunized

mice were fused with Sp/2 myeloma cells in 50% polyethylene glycol
1500 and 4000 (4:1).

The cells were resuspended in hypoxanthine,

aminopterin, and thymidine selective medium and plated in 96-well
culture plates.

Hybridomas were screened for immunoglobulin (Ig)

production by enzyme-linked immunosorbent assay (ELISA) as modified
by Campbell (1984).

Selected hybridomas were cloned twice by

limiting dilution in the presence of mouse spleen feeder cells then
expanded in culture flasks for in vitro production of monoclonal
antibody (Mai)).

ELISA.

Class and subclass of Mab were determined by

Reagents and assay materials were obtained from a

commercial source as a mouse monoclonal sub-isotyping kit (HyClone
Laboratories, Inc.) and used according to manufacturer
specifications.

Virus Detection and Quantitation
Plaque assay procedure was a modification of that of Burke and
Mulcahy (1980).

Assays were performed using confluent EPC

monolayers grown in plastic multi-well tissue culture plates.
Infected fish tissues were diluted in Hank's balanced salt solution
(HBSS; GIBCO Laboratories).

Replicates of undiluted and serial log

dilutions to 10-6 were added to monolayers in individual wells and
allowed to adsorb for 60 min.

Inoculum was removed and 1% methyl
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cellulose (Sigma Chemical Company, St. Louis, MO) dissolved in

double strength MEM plus 5% fetal calf serum (MEM-5) added.
Following 8 d of incubation at 16°C, cells were fixed with formalin
and stained with 1% crystal violet solution.

Plaques were counted

and plaque forming units per mL or g (pfu/mL or g) determined in
replicate wells containing 10-300 plaques.

Indirect Fluorescent Antibody Technique (IFAT)

EPC cells were grown on 18 mm diameter cover glasses which had
been sterilized at 120°C for 30 min and placed in separate wells of
a multi-well tissue culture plate (Flow Laboratories, Inc., McLean,
VA).

The medium was removed and cover glass cell cultures were

infected with known virus strains, fish tissue homogenates, or mock
infected with a 0.1 mL inoculum and allowed to adsorb 1 h at 16°C,
then MEM-5 added.

After incubation at 16°C, medium was removed and

cover glasses rinsed with phosphate buffered saline (PBS) at pH 7.2
for 5 min on a rocker platform.

Cultures were chemically fixed,

mounted on slides, and stored at 4°C until examined.

of the IFAT, required comparison of:

Development

1) methanol and acetone as

fixatives; 2) dilutions of Mab and IVRab as first antibody
reagents; 3) fluorescein isothyiocyanate (FITC) conjugated goat
antiserum and biotinylated antiserum against either mouse or rabbit
Ig (Vector Laboratories, Burlingame, California) as second antibody
reagents; and 4) counterstaining with a 0.01% solution of Evan's
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blue.

Other parameters of the test were compared for detection of

IHNV in populations of spawning fish which were infected with IHNV
and included:

1) microscopic scanning times; 2) incubation times;

3) first and second antibody reagent staining times; and 4)

pretreatment of EPC cells grown on cover glasses with 7% (w/v)
20,000 m.w. polyethylene glycol (PEG) as described by Batts and
Winton (1988).

Fixed EPC cultures were covered with 0.1 mL of the first
antibody and allowed to incubate at room temperature in a dark
humidified chamber.

Prior to application of the second antibody,

the EPC cells were rinsed twice with PBS, each for 5 min.

All FITC

conjugates were filtered through a 0.45 um membrane prior to use.
After final incubation, cover glasses were rinsed with PBS, air

dried in the dark and mounted in glycerol (pH 9) (Difco
Laboratories, Detroit, MI).

Examination was performed using a

Zeiss microscope with an IV Fl epifluorescence condenser.

Virus Detection in Adults at Spawning
Ovarian and seminal fluids and spleen tissue were collected
from individual spawning steelhead trout and salmon and processed
according to methods described by Amos (1985).

The IFAT was

compared to standard plaque assays using ovarian fluid (OF),
seminal fluid (SF), and tissue homogenates (TH) for the detection
of IHNV.

The sensitivity of each method for virus detection at

selected concentrations of virus was also determined.
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The OF from adult salmon and trout infected with IHNV was
inoculated on cover glasses and incubated at 4°C for 24 to 48 h to
allow cells present in OF to attach.

The resulting cell cultures

from OF were rinsed once with PBS and fixed with cold acetone for
10 min.

by IFAT.

Fixed cultures were examined for immunofluorescing cells
Ovarian fluid from uninfected adults was prepared in

duplicate by the same procedure; however, one culture of cells from
OF had IHNV added while the replicate served as a control.

Both

were examined by IFAT.

Smears of SF from IHNV infected adult salmon and trout were
air dried, fixed in cold acetone, and examined by IFAT to determine
if IHNV binds to sperm (Mulcahy and Pascho 1984) and could be used
as a diagnostic method.

The SF was also obtained from stocks of

salmonids with IHNV-free disease histories and artifically or mock
contaminated by combining equal portions of SF with IHNV or MEM-5
culture medium.

These were incubated for 12 h at 4°C, smears made,

and examined by IFAT.

Virus Detection in Clinically Infected Juveniles
Peripheral blood smears and anterior kidney imprints of
artificially and naturally infected juvenile rainbow and steelhead
trout and chinook salmon were examined by IFAT.

Controls were

compared to infected preparations and attempts made to identify
immunofluorescing cells.
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Results

Polyclonal Antibody
Unadsorbed Rab exhibited good immunofluorescence with little
background fluorescence when used as the first antibody layer on
fixed cultures of infected EPC cells or other cell lines of nonsalmonid origin.

However, control and infected cell lines of

salmonid origin exhibited background fluorescence (Figure 1) as did
fixed preparations of infected and uninfected fish tissues.

The

IVRab exhibited virus-specific immunofluorescence with no
background fluorescence on all fixed preparations tested (Figure
2).

The IVRab appeared to be the best reagent for the IFAT and was

used in all comparisons.

Monoclonal Antibody
Two Mab were selected which were non-neutralizing and
exhibited good immunofluorescence with no background
fluorescence.

The Mab were designated C9/H7 and B9/C6 and were of

the IgG2a and IgG1 subclass, respectively.

The Mab, B9/C6, was

used in all comparisons.

IFAT

Tests for the specifity of the IFAT indicated that there was
no reactivity of the two antibody preparations (Mab and IVRab) with
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established cell lines of salmonid and non-salmonid origin or with
other viruses from salmonids and other fish species.

All strains

of IHNV tested, including different electropherotypes, those
isolated from selected salmonids at different stages of their life
cycle, and from different geographic regions reacted with both
preparations.

Comparisons of fixatives, second and third antibody layers,
and counterstains indicated that the use of acetone for fixation,
FITC conjugated goat antiserum against mouse or rabbit Ig as a
second antibody, and 0.01% solution of Evan's blue as a
counterstain were optimal.

Using these reagents on IHNV infected

EPC cells, individual and groups of fluorescing cells were easily
detected with no background fluorescence (Figure 3).

Cells with

differing amounts of viral antigen could be distinguished by the
intensity and distribution of immunofluorescence (Figure 4).

These

reagents were used in the comparisons of IFAT and plaque assay for
detection of IHNV.

Sensitivity of Different IFAT Methods to Detect IHNV in Adults at
Spawning

Comparison of IVRab IFAT with plaque assay for the detection
of IHNV in OF, SF, and TH collected from adult steelhead trout

showed comparable sensitivity in each type of sample (Table 1);
however, IFAT required less time to complete.

The cultures

examined by IFAT were incubated 48 h, stained 1 h with IVRab and a
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FIGURE LEGENDS
Figure VI.1.

Background fluorescence of unadsorbed rabbit antiinfectious hematopoietic necrosis virus (IHNV) serum
in an indirect fluorescent antibody test of an
infected monolayer of CHSE-214 cells.

Figure VI.2.

Specific immunofluorescence to infectious
hematopoietic necrosis virus (IHNV) in an infected
monolayer of CHSE -214 cells.
Rabbit serum adsorbed
in vivo in rainbow trout (Oncorh nchus.mykiss) and
used as the first antibody.

Figure VI.3.

Individual and groups of fluorescing cells in a
monolayer of EPC cells infected with infectious
hematopoietic necrosis virus (IHNV) and examined by
indirect fluorescent antibody test (IFAT) (400x).

Figure VI.4.

Differing amounts of viral antigen in individual
cells detected by indirect fluorescent antibody test
(IFAT) in a monolayer of EPC cells infected with
infectious hematopoietic necrosis virus (IHNV)
(1000x).

C\J

gs
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Table VI.1.

Comparison of an indirect fluorescent antibody test
(IFAT) with plaque assay for the detection of
infectious hematopoietic necrosis virus (IHNV) in
ovarian fluid (OF), seminal fluid (SF) and tissue
homogenates (TH) from adult steelhead trout
(Oncorh nchus mykiss).

Detection
Method

Proportion IHNV Positive
OF

SF

TH

Plaque Assay'

18/24
(76%)

1/24
(4%)

6/24
(25%)

IFAT2

19/24
(81%)

3/24
(13%)

1Plaque assays were incubated 8 d prior to fixation
and
staining.
2

Cultures examined by IFAT were incubated 48 h prior to 1 h
staining with in vivo adsorbed rabbit antiserum and a
second antibody. Microscopic examination (400x)
was for 4
min per fixed and stained culture.
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second antibody.

Microscopic examination was for 4 min per fixed

and stained culture.

When the microscopic scanning time was reduced from 4 to 2
min, the plaque assay and the IFAT with either IVRab or Mab
detected comparable IHNV-positive OF collected from 58 adult
chinook salmon.

In this comparison, cultures used for IFAT were

incubated 48 h and both staining times were 1 h.
detected 83% positive and the IFAT 77%.

The plaque assay

Two minute microscopy

scanning times were used in all further tests.
Tests for virus in OF from 36 adult chinook salmon which
compared replicate cultures for IFAT that were incubated for 24 and
48 h with the plaque assay again showed comparable detection of

virus-positive OF by IFAT after 48 h incubations.

However, less

IHNV-positive samples were detected after 24 h when compared with
plaque assay results (Table 2).

But, decreasing the IFAT first and

second antibody staining times to 30 min did not detrimentally
affect the sensitivity of the assay.
IHNV concentrations determined by plaque assay in OF collected
from 36 adult steelhead trout ranged from 101 to 106°2 pfu/mL.
Examination of cultures by IFAT after 24 h showed that OF with less
than 10 2.9 pfu/mL were not consistently detected (Table 3).

However, pretreatment of EPC cell monoloyers with PEG enhanced
detection by IFAT to 10 2.5 pfu/mL (Table 4).
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Table VI.2.

Detection
method

Comparison of indirect fluorescent antibody test (IFAT) using
monoclonal antibody (Mab) and in vivo adsorbed rabbit antiserum
(IVRab) with the plaque assay for detection of infectious
hematopoietic necrosis virus (IHNV) in ovarian fluid (OF) from 36
adult chinook salmon (Oncorhynchus tshawytscha).

Incubation
time

Proportion IHNV
positive

Percent IHNV
positive

Plaque assay 1

8 d

34/36

94

IFAT/Mab2

24 h

23/36

64

48 h

30/36

83

24 h

27/36

75

48 h

32/36

89

IFAT/IVRab2

1

Plaque assays were incubated 8 d prior to fixation and staining.
2

IFAT staining times of first and second antibody reagents was 30 min and 2 min
microscopic scanning (400x) was used for each fixed and stained culture.

116

Table VI.3.

Concentrations of infectious hematopoietic necrosis virus (IHNV)
determined by plaque assay compared to indirect fluorescent
antibody test (IFAT).

Samplel

Plaque2

Number

Assay

101

2.0

102

1.0

-

103

2.0

-

104

4.5

+++

105

1.3

-

106

4.7

+++

107

1.0

108

IFAT

3

Sample
Number

Plaque
Assay

Mal)

IVRab

121

1.3

-

-

-

122

3.3

++

-1-4-

-

123

1.7

+

+

124

4.6

+++

+++

125

NEV

+++

126

6.0

+++

+++

-

-

127

NEV

-

-

3.5

++

++

128

1.6

+

+

109

3.9

+

+

129

1.0

-

-

110

4.2

+

+

130

NEV

111

NEV

-

131

NEV

-

-

112

6.4

+-H-

-H-+

132

2.6

113

2.9

+

+

133

NEV

-

-

114

1.8

-

134

3.1

+

+

115

4.3

++

135

6.2

-H-+

+++

116

NEV

136

3.8

++

++

Mab

6

-

IVRab

+++

++

5

IFAT

-

1

Ovarian fluid was collected from 32 adult steelhead trout
(Oncorhynchus my kiss).
2

IHNV concentrations are represented as log10 plaque forming units (pfu) /mL.
3
IFAT used 30 min first and second antibody staining times and 2 min
microscopic scanning (400x) per fixed and stained culture.
Number of
fluorescing cells detected is proportional to +'s.
4
Monoclonal antibody.
5

6

In vivo adsorbed rabbit antiserum.
No evidence of virus.
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Table VI.4.

Concentrations of infectious hematopoietic necrosis virus (IHNV)
detected by plaque assay compared to indirect fluorescent
antibody test (IFAT) after pretreatment of EPC cells with 7%
polyethylene glycol.

Samplel

Plaque

2

IFAT

3

IVRab

Sample
Number

Plaque
Assay

Mab

IVRab

+

+

25

3.5

+

+

6.0

+

+++

26

2.9

+

+

3

6.3

+++

+++

27

2.3

-

4

3.0

+

-

28

1.7

-

+

5

5.0

++

++

29

4.0

++

+

6

6.3

+

+

30

NEV

7

5.6

+++

+++

31

1.0

-

8

6.5

+

+

32

1.5

-

9

3.8

+

+

33

2.5

+

10

4.9

++

++

34

6.5

+++

++4.

11

6.3

+++

+++

35

2.5

+

++

12

5.8

++4-

+++

36

4.5

++

+

13

5.8

11-1-

4-4-+

37

3.7

+

-

14

5.8

+-I-

-4-+

38

3.3

+

++

15

1.5

-

39

3.6

+

+

40

1.3

-

-

Number

Assay

Mab

1

3.8

2

16

4.3

4

+

5

++

IFAT

6

1

Ovarian fluid was collected from 32 adult steelhead trout
(Oncorhynchus my kiss).
2

IHNV concentrations are represented as log10 plaque forming units (pfu)/mL.
3

4
5

6

IFAT used 30 min first and second
antibody staining times and 2 min
microscopic scanning (400x) per fixed and stained culture.
Number of
fluorescing cells detected is proportional to +'s.
Monoclonal antibody.
In vivo adsorbed rabbit antiserum.

No evidence of virus.
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Immunofluorescing cells were detected in both naturally and
artificially infected OF cultures.

No positive fluorescence was

detected in smears of naturally or artifically contaminated SF.

Virus Detection in Clinically Infected Juveniles
Immunofluorescing cells were detected in peripheral blood
smears and anterior kidney imprints from both artificially and
naturally infected rainbow and steelhead trout and chinook salmon
juveniles.

Definitive identification of fluorescing cells was not

possible; however, the cells appeared to be leucocytes.
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Discussion

The FAT is routinely used for the detection of other fish
pathogens and equipment required is generally available.

The FAT

described is rapid, sensitive, and reacted with all IHNV strains
tested.

This method used EPC cells grown on cover glasses

pretreated with 7% (w/v) PEG.

Incubation of first and second

antibody reagents for 30 min, counterstaining with Evan's blue for

1 min, and microscopic examination at 400x for 2 min allowed
detection of IHNV to 102'5 pfu/mL or g of fish tissue when compared
to the plaque assay.

Advantages IFAT have over standard cell

culture assays include:

1) reduced (24 to 48 h) incubation times;

2) observation of cytopathic effect is not required; and 3) 48 h
IHNV confirmation.
cover glasses.

Disadvantages are the tedious handling of

This could be eliminated by using an inverted

microscope with an ultraviolet light source allowing fixation,
staining, and microscopic examination to be done
on tissue culture
plates.

The use of immunohistochemical stains would allow

visualization of infected cells with a light microscope.

Loss of

cells in cultures grown on cover glasses was also
a problem.

This

occurs when high concentrations of virus are present or when
cytotoxins are introduced into cell cultures.

This may explain why

virus was not detected in certain OF examined by IFAT but
were by
plaque assay.

This IFAT can also be used directly on infected fish
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tissues including peripheral blood and anterior kidney imprints
from infected juveniles or cells of OF from adult carriers.

We

routinely use this IFAT for IHNV confirmation but are continuing to
evaluate it as a primary detection method.

Polyclonal immune serum for the detection of IHNV commonly has
a low virus neutralizing antibody titer.

Hsu and Leong (1985)

showed that the neutralization test does not quantitate the
antiviral antibodies accurately.

They found antiserum with a 50%

plaque reduction titer of 1:250 had a titer of 1:32,000 by an assay
which detected binding antibodies.
effectively in IFAT.

This reagent can be used

Monoclonal antibodies provide a standardized

reagent which is important in clinical diagnostics and are
effective in detecting IHNV by FAT.
Other detection methods reported used a variety of techniques
and required different amounts of time for results.

Yasutake

(1979) observed that granular cells of the stratum granulosum in
the stomach of salmon and trout were involved in IHN and
histopathological changes in these cells were considered
pathognomonic.

Histopathology, while useful as a diagnostic tool,

may not be desirable when rapid and definitive results are
required.

Hsu and Leong (1985) reported a comparison of methods

using 35 S-methionine labeling, immuno-peroxidase and 125
I-protein

blotting after electrophoretic separation of viral structural
proteins which required 48, 52 and 66 h, respectively.

These
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methods also required reduced times for a diagnosis but either
radioactive reagents, which are not commonly found in fish disease
diagnostic laboratories, were necessary or the antiserum used was

not reactive with all structural proteins of the IHNV strains
tested.

An ELISA test for IHNV was reported by Dixon and Hill

(1984) which used a polyclonal antiserum.

Although the test was

rapid, high concentrations of virus were required and uninfected
fish exhibited unacceptably high background.
The main advantage of the FAT method is the rapidity with
which definitive results are obtained.

This FAT method could

possibly be further enhanced by producing hybridomas secreting Mab
against specific structural proteins of IHNV such as the
nucleocapsid or N protein.

This protein is expressed very early in

infection and in the largest concentrations relative to the other
structural proteins of the virion (Hsu and Leong 1985).

Use of

these Mab in FAT could provide even better sensitivity and rapidity
in detection of IHNV.
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CHAPTER VII

The Delayed Appearance of Infectious Hematopoietic
Necrosis Virus in Steelhead Trout
(Oncorhynchus mykiss)
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Abstract

Infectious hematopoietic necrosis virus (IHNV) was not
detected in steelhead trout (Oncorhynchus mykiss) at spawning.
However, it was present in ovarian fluid (OF) of post spawning
fish, in OF from stored ova at 4°C and in OF incubated in cell
culture vessels at 4°C.

Initial in vivo observations indicated

that a proportion of the fish examined had no detectable virus at
the time of spawning but yielded concentrations of virus if
reexamined 9 or 15 d later.

In vitro, no virus was detected in OF

obtained from eggs (pooled) collected at spawning but if stored 8
d, the same OF was determined to be IHNV-positive.

Similar results

were obtained when OF was collected from individual fish and
incubated in multi-well tissue culture plates at 4°C.

Not only did

certain lots of stored ova and OF collected from individual fish
change from virus-negative to positive (e.g. 0 to 104 pfu/mL), but
in some preparations initially positive for virus, concentrations
increased during storage (e.g. 102 to 104 pfu/mL).

Experiments

were conducted to determine the mechanism for the increase in virus
concentration.

Results indicated that cells removable by

filtration were present in the OF which allowed replication of
IHNV.

The nature of these cells, the dynamics of viral synthesis,

and development of improved methods for assaying the delayed
appearance of IHNV in OF are discussed.

129

Introduction

Infectious hematopoietic necrosis (IHN) is a nontreatable
viral disease of certain species of salmonid fish (Filcher and
Fryer 1980).

The disease, once confined to limited geographical

areas, has in the past decade become widely disseminated.

The

virus has been responsible for important economic losses of
cultured and wild fish in the Pacific Northwest of the USA (Groberg
and Fryer 1983).

Disease caused by IHNV has increased

significantly and control has become important to the successful
culture of salmonids.

Because there are no vaccines or drugs

available, control depends on preventing horizontal and vertical
transmission of the virus.

This is done by egg incubation and

rearing in virus-free water and propagation of eggs from virus-free
parents (Groberg and Fryer 1983).

The efficacy of these methods of

control is equivocal and often difficult to assess.
Horizontal transmission is generally accepted and waterborne
infections can be accomplished in the laboratory.

Evidence for

vertical transmission in natural outbreaks is circumstantial and
only one report documents such an event under laboratory conditions
(Mulcahy and Pascho 1985).

We have made numerous attempts, as have

others, to clearly demonstrate the importance of this route, but
without success.

Evidence supporting vertical transmission

includes the ability of virus to adhere to salmonid sperm cells
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(Mulcahy and Pascho 1984) providing a mechanism for entry into the
egg, and that developing embryos support replication after direct
inoculation (R. A. Watanabe, Oregon State University, personal
communication).

In an effort to clearly define the role of vertical and
horizontal transmission in the epizootiology of IHN, we have
conducted studies at Round Butte Hatchery (Deschutes County,
Oregon, USA) operated by the Oregon Department of Fish and
Wildlife.

The virus is enzootic in the watershed and annual

outbreaks of IHN in cultured steelhead trout are common.

These

conditions provided an opportunity for transmission studies in a
hatchery environment.

One such study involved storage of ova for 8

d so that the viral status (IHNV-negative or positive) of parents
was known prior to fertilization.
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Materials and Methods

Cell Culture
The E ithelioma papulosum cyprini (EPC) cell line from common
carp (Cyprinus,carpio) (Fijan et al. 1983) was continuously

cultured in Eagle's minimum essential medium (MEM) with Earle's
salts (Gibco Laboratories, Grand Island, NY) supplemented with 10%
fetal calf serum (Hyclone Laboratories, Logan, UT), antibiotics and
glutamine (penicillin, 100 IU/mL;

glutamine, 2 WM; all from Gibco).

streptomycin, 100 tAg/mL; and

The growth medium was buffered

with IM tris HC1 (Sigma Chemical Co., St. Louis, MO) to a pH of 7.5
(MEM-10-Tris).

Cells were grown at 22°C.

Virus Detection and Quantitation
Plaque assay procedures were similar to those of Burke and
Mulcahy (1980).

Briefly, assays were performed using confluent EPC

monolayers grown in plastic multi-well tissue culture plates.

Fish

tissues were diluted in Hank's balanced salt solution (HBSS;
Gibco).
10 -6

Replicate inocula undiluted and as serial log dilutions to

were added to monolayers in individual wells and allowed to

adsorb for 60 min.

The inoculum was removed and 1% methyl

cellulose (Sigma) dissolved in double strength MEM plus 5% fetal
calf serum (MEM-5) was added.

Following 7 to 10 d of incubation at

16 °C, cells were fixed with formalin and stained with 1% crystal
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violet solution.

Plaques were counted and pfu/mL or g were

determined in replicate wells containing 10-300 plaques.

Virus Detection in Spawning and Post Spawnin; Adult Fish
Ovarian fluids were collected from individual steelhead trout
at spawning and inoculated directly onto EPC cell cultures.

Each

adult fish was identified by tagging so they could be individually
reexamined 9 or 15 d later.

Thus, virus concentrations in OF were

compared for individual fish at spawning and post-spawning.

Virus Detection in Ovarian Fluid.from Stored Ova
Ova were stored after eggs and OF from individual adult female
steelhead trout were spawned into plastic bags which were inflated
with oxygen and placed at 4°C.

Ovarian fluid was collected at

spawning and at 48 h intervals for 14 d during storage and
virus
concentrations determined.

Two experiments were performed using

the eggs and OF from 16 and 10 fish, respectively.
Ovarian fluid from 60 adult female steelhead trout were
examined similarly.

At spawning (0 d) OF was obtained from each

fish, the ova stored as described, and OF reexamined 8 d
postspawning.

Concentrations of virus were determined in OF taken at

the time of spawning and in OF taken from eggs post-spawning.
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Virus Detection in Stored Ovarian Fluid
Ovarian fluid was collected from 100 adult steelhead trout at
spawning and the ova were stored at 4°C.

Cell-free OF was obtained

after passage through a 0.2 pm membrane filter and filtered and
non-filtered OF were assayed for virus concentrations.

Filtered

and non-filtered OF were then mixed 1:1 with an antibiotic solution
and stored at 4°C.

Eight days post-spawning OF was collected from

all stored ova and virus concentrations determined.

Filtered and

non-filtered OF taken at the time of spawning (0 d) were reassayed
for virus.

Virus concentrations in OF taken at the time of

spawning were then compared to concentrations detected postspawning.

Culture of Cells from Ovarian Fluid and Virus Detection

The cells from OF were cultured by decanting 5 mL of OF from
each of 24 spawning adult steelhead trout into tissue culture
flasks (Corning Glass Works, Corning, NY).

The fluid was incubated

at 4°C for 24 h to allow cells to settle and attach.

The

supernatant was removed and an equal volume of MEM-10 containing
antibiotics and glutamine (penicillin, 800 IU/mL; streptomycin, 800
pg/mL; gentamycin, 500 IU/mL; fungizone, 400 IU/mL; and glutamine 2

mM; all from Gibco) and buffered with 7.5% NaHCO3 to pH 7.5 (MEM10-antibiotic-bicarb) was added.

The flasks were incubated at 4°C

for 24 h, medium removed, and fresh medium added to each
flask.
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This procedure was repeated 5x to remove extraneous virus, red
blood cells, and microbial contaminants.

To ascertain if virus was

replicated in cultured OF cells, virus concentrations in medium
were determined after rinsing and incubating at 4°C for selected
intervals.

As a control, cultures of cells from OF were

established from 24 adult steelhead trout from the North Santiam
River in Oregon.

This fish stock has never been determined to be

IHNV carriers in 6 yr of monitoring.

Methods to Enhance Detection of the Delayed Appearance of IHNV

Ovarian fluid from 24 spawning adult steelhead trout were
treated by different methods.

A portion of each was added to wells

on tissue culture plates (Becton Dickinson Labware, Lincoln Park,
NJ) containing different media preparations:

1) mixed 1:1 with

MEM-10-antibiotic-bicarb; 2) mixed 1:1 with an antibiotic solution
(Amos, 1985); or 3) incubated for 24 h, the supernatant removed,
and MEM-5 overlay added.

Incubation was 4°C.

Virus concentrations

in each were determined after 8 and 16 d and compared to
concentrations detected at the time of spawning.
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Results

Virus Detection in Adults Post-Spawning
The delayed appearance of IHNV was demonstrated in vivo on two
occasions.

In the first observation, no virus was detected in OF

from 30 adult steelhead trout females at spawning.

Fifteen days

later, 5 of 25 remaining fish were positive for IHNV (five fish
died, escaped or yielded insufficient fluid for assay between
examination dates).

In the second observation, 3 of 11 virus-

negative fish were positive for IHNV 9 d post-spawning.

Virus Detection in Ovarian Fluid from Stored Ova
Ovarian fluid obtained at spawning and at 48 h intervals from
stored ova showed 2 of 16 egg lots changed from IHNV-negative to
positive.

The two lots of eggs which had undetectable virus at

spawning were IHNV positive day 4 and 16 post-spawning.

The test

was repeated and the same shift from virus-negative to positive was
detected in 2 of 10 egg lots.

Additionally, two lots determined to

have low concentrations of virus at the time of spawning exhibited
increases in virus concentrations when examined on days 8 and 14
post-spawning (Table 1).

In another test, OF from 9 of 60 egg lots

converted from virus-negative to positive.
detected ranged from 101 to 10 4 pfu/mL.

Virus concentrations

Two other egg lots showed

a 10 1 to 10 2 increase in virus concentration.

These determinations
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Table VII.1.

IHNV concentrations detected in OF obtained from
stored ova at spawning (0 d) and at 2 d intervals
over the 14 d storage period.

Assay
Interval (days)

0
2

4
6
8

10
12
14

1

IHNV Concentrations 1 in OF from Stored Ova
Egg Lot Number
2

3

5

1.8
1.5
1.5
1.0
3.5
2.8

NEV2
NEV
NEV
NEV
NEV

NEV
NEV
NEV
NEV
NEV

1.0

1.

2.8
4.2

NEV

CJ

1.3

IIINV concentrations represented as loglo pfu/mL.
NEV = no evidence of virus in ovarian fluid (OF).
3
C = bacterial contamination.
2

6

2.8
2.8
2.6
2.9
2.8
2.3
2.3
3.1
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were made using OF collected at spawning (0 d) and 8 d postspawning from eggs stored at 4°C.

Virus Detection in Stored Ovarian Fluid
Ovarian fluids collected at the time of spawning (0 d) were
reexamined after 8 d storage at 4°C.

Results showed 17 of 100 OF

converted from IHNV-negative to positive or increased in virus
concentration after the storage period.

Ovarian fluid obtained

from stored ova 8 d post-spawning showed a similar conversion.
However, cell-free preparations of these same OF taken at the time
of spawning which were then reexamined post-spawning did not show
this delayed appearance of virus (Table 2).

Culture of Ovarian Fluid Cells and Virus Detection

Culture of cellular components from OF in tissue culture
flasks and assaying culture medium for IHNV concentrations during
incubation intervals showed 11 of 24 cultures had a constant
production of virus.

Five OF cell cultures showing this were

seeded with OF having virus concentrations of 107 pfu/mL at the
time of spawning and three were seeded with OF containing
concentrations of 10 5 to 10 6 pfu/mL.

By rinsing the cultures daily

for 5 d, virus concentrations were reduced to 101 to 10 2 5
'
pfu/mL.

Assaying culture medium after selected intervals of

incubation showed virus concentrations increasing up to 10 4.4
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Table VII.2.

IHNV concentrations detected in filtered and nonfiltered OF examined at spawning (0 d) and after
an 8 d storage period at 4°C. Concentrations of
virus were also compared for OF obtained from
stored ova 8 d post-spawning.

IHNV Concentrations'
at Spawning (0 d)
Fish
No.
OF
Filtered OF

1

NEV2

NEV

2

0.7

0.7

3

1.7

8
12

NEV
NEV

NEV
NEV
NEV

16
19
21

1.7

1.5

NEV
NEV
NEV

NEV
NEV
NEV

22
24
36
37
38

1.7

1.8

NEV
NEV
NEV

47
49

NEV
NEV
NEV
NEV
NEV
NEV

60

1.8

43

1

2

0.7

NEV
NEV
NEV

OF

4.0
2.6
2.4
2.2
1.3

2.0
0.7
1.7
1.4
2.5
1.7

2.3
1.8
1.2
1.4
1.4
3.0

IHNV Concentrations
8 d Post-spawning
OF from
Filtered OF
Stored Ova

1.0

NEV
NEV
NEV
NEV
NEV
NEV
NEV
0.7
1.2

2.7
NEV
1.5
1.0
0.7
1.3

NEV
1.2
1.6
2.2
.17
1.0

NEV
NEV
NEV

NEV

0.7
NEV

NEV

NEV
NEV

1.2
2.7

IHNV concentrations represented as log10 pfu/mL.
NEV = no evidence of virus in ovarian fluid (OF).

0.7
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pfu/mL.

Three other cultures were seeded with OF containing 101 to

10 3 pfu/mL and had no detectable virus
after the rinses, but with

incubation, virus concentrations increased to 10 3.6 pfu/mL (Figure
1).

Control cell cultures taken from OF showed no evidence of

virus throughout the assay interval.

Methods to Enhance Detection of the Delayed Appearance of IHNV
The most consistent method for culturing cells from OF and
detecting the delayed appearance of virus used a 24-well plate
inoculated with 0.5 mL OF at the time of spawning.

This was

incubated for 24 h, the sample removed, and 0.5 mL of a 1% methyl

cellulose MEM-5 overlay added back to each well.

IHNV

concentrations were then determined by assaying medium taken from
this plate 8 and 16 d post-spawning (Table 3).
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Figure VII.1. IHNV concentrations detected in culture medium from
cells cultured from ovarian fluid (OF) after rinsing
and incubating for selected 14ervalst Cells were
obtained from OF containing 101 to 10 pfu/mL at
spawning.
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6

-0- Culture No. 5
-4- Culture No. 20
-a- Culture No. 24

5

2

1

0

6

12

18

24

Time (days)
Figure V11.1

30

36
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Table VII.3.

Method for the enhanced detection of the delayed
appearance of IHNV.
IHNV concentrations detected
in OF taken at the time of spawning (0 d) and in
medium from cells cultured from OF assayed 8 and
16 d post-spawning.

IHNV Concentrations 1

OF at
Spawning (0 d)

NEV 2
NEV
1.7

NEV
0.7
0.7

1

2

Medium from Cells
Cultured from OF
8 d

16 d

0.7
2.9
3.8

1.6
3.1
3.5
0.7
2.1
3.0

NEV
NEV
NEV

IHNV concentrations represented as log10 pfu/mL.
NEV = no evidence of virus in ovarian fluid (OF).
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Discussion

Initial observations of the delayed appearance of IHNV were

made in post-spawning steelhead trout.

Fish determined to be virus

free at the time of spawning were found to be virus carriers when

OF was reexamined 9 or 15 d post-spawning.

Similar observations

were made by Mulcahy and Pascho (1986) in prespawning sockeye
salmon which had been individually tagged, penned, and collected
daily over a 6 d period.

They suggested that post-spawning fish be

examined to increase the sensitivity for identifying IHNV
carriers.
We reported the delayed appearance of IHNV in OF collected
from stored ova of steelhead trout held for delayed fertilization
(LaPatra and Groberg 1985).

Ovarian fluid collected at the time of

spawning and determined to be virus-negative became virus-positive
when reexamined after the 8 d storage period.

Results reported

here suggest cells present in the OF may be responsible
for the
delayed appearance of IHNV.

Supporting evidence are those

instances when higher concentrations of virus
were detected in OF
after storage than were detected in filtered (cell-free)
OF stored
under identical conditions.

Further, cells removed from the OF and

cultured in vitro replicated the virus.

Mulcahy and Batts (1987)

used low-speed centrifugation to remove cells from OF prior
to
addition of culture medium at 15°C.

They subsequently assayed the

medium usually after only 7 d post-spawning.

Incubation of OF at
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4°C with repeated washing with media, we were able to establish
cultures of cells from OF which maintained a constant production of
virus for up to three months.

Morphologically most of the cells

appeared to be either epithelial or leukocytes.

Results suggest

that a persistent infection had been established in some of these
cells and may have been responsible for the delayed appearance of
IHNV.

Cell lines reported to be persistently infected with IHNV are
epithelial (Engelking and Leong 1981; Watanabe 1983).

Viral

antigens have been detected by immunofluorescence on trout
lymphocytes infected with viral hemorrhagic septicemia virus,
another rhabdovirus which causes disease in trout (Enzmann 1981)
and trout lymphocytes infected with infectious pancreatic necrosis
virus (Yu and Macdonald 1982).

We have also detected fluorescing

cells from OF of IHNV carrier adults and from peripheral blood of
clinically infected juvenile fish (LaPatra and Rohovec 1987;
LaPatra et al. submitted) but we have not been able to correlate a
specific cell with the delayed appearance of IHNV.

It would seem

likely that leukocytes such as macrophages and lymphocytes could be

involved because these cell types have been implicated in latent
and persistent viral infections in other hosts (Kenyon and Piper
1977; Paul et al. 1979; Narayan et al. 1983).

Peripheral blood

leukocytes of trout can also support replication of IHNV (J. R.
Winton, U. S. Fish and Wildlife Service, personal communication).
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Methods to enhance detection of the delayed appearance of IHNV
include:

1) at the time of spawning seed multi-well tissue culture

plates with OF from individual female fish.
h.

Incubate at 4°C for 24

Remove the fluid portion of OF and add 1% methyl cellulose MEM-

5 overlay to each well and incubate at 4°C.

Assay medium from cell

cultures obtained from OF to detect the delayed appearance of IHNV;
2) when collecting OF use a device which allows cells to enter but
not eggs.

Immediately express OF into a tube containing the

antibiotic mixture used to decontaminate tissue samples used for
detection of fish virus (Amos 1985).
spawning.

Store at 4°C and assay post-

When monitoring for virus in different stocks of

steelhead trout, the delayed appearance of IHNV could not be
detected unless some portion of the population was already viruspositive.

The percentage of fish which could then be demonstrated

to convert from virus-negative to virus-positive was always low.
While delayed appearance may provide information about the biology
of IHNV it does not appear to be a major concern for diagnosticians
unless IHNV-free eggs are required.
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CHAPTER VIII

Detection of Infectious Hematopoietic Necrosis Virus
in Fish Mucus
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Abstract

Infectious hematopoietic necrosis virus (IHNV) was detected in
mucus obtained from naturally infected juvenile and adult
salmonids.

Virus concentrations ranged from 101'0 to 10 6.0 pfu/mL.

Juvenile rainbow trout Oncorh nchus mykiss artificially infected with
IHNV by the waterborne route had a 100% prevalence of the virus in
mucus and 60% in gill tissues 24 h post-exposure.

Mucus examined

from individual rainbow trout had increasing IHNV concentrations,
101'5 to 103'9 pfu/mL, from 24 to 84 h post-infection.

suggested IHNV detected in

This

mucus resulted from the normal

progression of the disease and the integument may be a site of virus
replication and a possible portal of entry.
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Introduction

Infectious hematopoietic necrosis virus (IHNV) is an important
pathogen of certain species of salmonid fishes.

This virus was

confined to the Pacific coast of North America but is
now endemic in
other areas of the United States, Canada, and Japan (Wolf 1988).

The

disease has recently been observed in other countries including
Taiwan (Chen et al. 1985), Italy (Bovo et al. 1987), and
France
(Hattenberger-Baudouy and de Kinkelin 1988).

Infectious

hematopoietic necrosis (IHN) is a major disease affecting the
production of salmon and trout in hatcheries (Groberg and Fryer
1983).

Detection of IHNV in susceptible salmonid fry or carrier adults
is routinely done by examining hematopoietic tissues (kidney and
spleen) or reproductive fluids (ovarian or seminal) (Amos
1985).
During fish health monitoring for IHNV, other tissues such
as brain
have been examined (W. J. Groberg, Oregon Department of
Fish and

Wildlife, personal communication).

Nervous tissue has been suggested

as a potential source of the virus because of the similarities
between IHNV and rabies virus.
acinar cells (Lentz 1985).

Rabies can also replicate in mucous

At least six types of cells have been

described in the epidermis of teleosts including
mucous cells
(Yasutake and Wales 1983).

The objectives of this study were to

determine 1) if virus could be detected in mucus of juvenile
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salmonids infected with IHNV, 2) if mucus from adult salmonids could
be used as a source of virus, and 3) if virus present in the mucus
was part of the pathogenesis of IHNV.
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Materials and Methods

Cell lines and virus

Two fish cell lines were used for the isolation, propagation,
and identification of the virus isolants used in this study:

(1) the

CHSE-214 line (ATCC CRL 1681) from chinook salmon Oncorhynchus
tshawytscha (Lannan et al. 1984) and (2) EPC from common carp
Cyprinus carpio (Fijan et al. 1983).

Both lines were propagated in

minimum essential medium (MEM, GIBCO Laboratories, Grand Island, NY,

USA) supplemented with fetal bovine serum (FBS, Hyclone Laboratories,
Ogden, UT, USA) to 10% (MEM-10), L-glutamine to 10 mM, penicillin to

50 I.U./mL, streptomycin to 50 pg /mL, and buffered with 7.5%
sodium
bicarbonate (all from GIBCO) or tris HC1 (Sigma Chemical Company, St.
Louis, MO, USA) to pH 7.5.

For routine cell propagation, the CHSE-

214 line was incubated at 20°C and the EPC line at 25°C.

Viruses

used in experimental infections were a 1983 and 1988 isolant from
steelhead trout Oncorh nchus mykiss at Round Butte Hatchery
(Deschutes River, Oregon, USA) and a 1983 isolant from rainbow trout

Oncorh nchus mykiss,at International Aquaculture Research Center
(Hagerman Valley, Idaho, USA).

Viruses were isolated and identified

using standard methods (Amos 1985), grown in CHSE-214 cells at 16°C
in MEM-5, and stored at -70°C.

154

Detection of virus in naturally infected fish
Juvenile chinook salmon were examined from two fish culture
facilities where IHN epizootics occurred.

Tissues examined for virus

included gill, kidney, spleen, and brain.

Adult chinook salmon (two

stocks), kokanee salmon Oncorh nchus nerka

and steelhead trout were

examined from fish culture facilities or rivers where IHNV carriers
were known to occur.

Reproductive fluids and gill and spleen tissues

were examined for IHNV.

Collection and preparation of specimens used

for virus detection were done in accordance with standard methods
(Amos 1985).

Mucus was collected from the external surface,

posterior to the operculum, of fish with sterilized wood instruments
(1 x 10 cm, 2 mm thick), diluted with antibiotics (Amos 1985),
held at 4°C.

and

The plaque assay method (Burke and Mulcahy 1980) in the

EPC cell line incubated at 16°C was used for all IHNV quantitations.

Experimental fish
Kokanee salmon and steelhead and rainbow trout were provided by
the Oregon Department of Fish and Wildlife.

Fish were held at the

Oregon State University Fish Disease Laboratory in 12°C fish

pathogenfree well water where all experiments were conducted.
were fed twice daily a Oregon Moist Pellet diet.

Fish
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Artificial Infection
Kokanee salmon and steelhead trout (mean weight 0.8 g) were
infected by waterborne exposures to virus.

Rainbow trout (mean

weight 2.5 g) were infected by intraperitoneal (i.p.) injection or by
waterborne exposures.

Transmission of IHNV by the waterborne route

was accomplished by preparing dilutions of virus in containers with 1
or 2 L of static well water to achieve 103'5 pfu/mL.

For kokanee

salmon and steelhead trout, 30 fish were added to each container.
Tests of rainbow trout used groups of 25 or 5 fish.
groups were treated the same but no virus was added.

Fish in control

During the 12 h

exposure, water was aerated and containers partially immersed in free
flowing water to maintain the temperature at 12°C.

After the

exposure period, fish in each container were placed into a 68 L
fiberglass aquarium receiving single-pass water flowing at a rate of
approximately 1 L/min.

Infection by i.p. injection was done by

anesthetizing fish in benzocaine and inoculating 10 3.5 pfu into each
fish.

Control groups were injected with cell culture supernatant

which did not contain virus.

Detection of virus after artificial infection
Quantitation of virus used in fish exposures or isolated from
dead fish was accomplished

by plaque assay.

Kokanee salmon and

steelhead trout which died following exposure were weighed and the
viscera and mucus from the external surface examined for virus.
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Mucus was collected with a scalpel, posterior to the operculum and
diluted in antibiotics (Amos 1985).
using rainbow trout.

Two experiments were performed

In the first, duplicate groups of 25 fish were

infected by the waterborne route or injected i.p.

Five fish from

each group were sacrificed after virus exposure (day 0) and at 24 h
intervals for four days.

Gill tissues and mucus collected posterior

to the operculum, from the right lateral, dorsal and ventral

surfaces, of each fish were examined for virus.

In the second

experiment, duplicate groups of five fish each were infected with
waterborne virus or injected i.p.

Mucus was examined from individual

fish, identified by finmarks, at 12 h intervals for four days.

Mucus

was collected from the same area of all fish using sterile cotton
swabs.

Swabs were placed in antibiotic solutions and held at 4°C.

Prior to plaque assays, swabs were discarded and the supernatant used
for virus quantitation.

Aquarium water of experimental groups and

anesthetic bath water were tested for virus at each interval fish
were examined.
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Results

Detection of virus in naturally infected fish
Yearling chinook salmon (25-82 g in weight; 13-17 cm in fork
length) at Clackamas Hatchery (Clackamas River, Oregon, USA) were
determined to have IHN.

Mortality was chronic and fish displayed

erratic swimming behavior not previously observed.

Typical

pathological signs associated with IHN were not observed and virus
was detected only in gill and brain tissue.

Virus concentrations

ranging from 102°0 to 106*(1) pfu/g were detected in nervous tissue.

Examination of six moribund fish showed the highest prevalence of
IHNV in mucus (67%) and concentrations ranged from 101'3 to 102'4
pfu/mL.

In another natural IHN epizootic, juvenile chinook salmon

(90 d old; 1.8 g mean weight) at Elk River Hatchery (Elk River,

Oregon, USA) were determined to have IHN.
to 0.2% per day.

Mortality ranged from 0.1

Typical clinical signs of IHN were observed and

virus was detected at concentrations ranging from 10 4.0 to 106'5
pfu/g in all tissues examined; but, the highest concentrations
were

always found in kidney and spleen tissues.

Mucus preparations from

eight dead fish showed all were IHNV-positive at concentrations
ranging from 102'5 to 105'8 pfu/mL.

Adult chinook salmon at Round Butte (Deschutes River, Oregon,
USA) and Bonneville (Columbia River, Oregon, USA) hatcheries
were
determined to be IHNV carriers.

Examination of 50 female chinook
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salmon at Round Butte Hatchery showed 54% (27/50) of ovarian fluids
and 96% (48/50) of mucus preparations were IHNV-positive and mean
concentrations were 102'2 and 102'7 pfu/mL, respectively.

In a

second examination of 24 adults, 38% (9/24) of ovarian fluids, 33%
(8/24) of spleen tissues, and 92% (22/24) of mucus preparations were
IHNV-positive with the highest mean concentration in mucus (10 2.7
pfu/mL).

Prevalence of IHNV in reproductive fluids from adult

chinook salmon at Bonneville Hatchery was 64% (105/165) in ovarian
fluids and 17% (14/82) in seminal fluids.

Frequency of IHNV

contained in mucus from a subset of these adults was 100% (20/20) in
females and 93% (15/18) in males.

Mean concentrations of IHNV

contained in mucus were 103°7 and 101'9 pfu/mL in female and male
chinook salmon, respectively.

All of the adult steelhead trout at

Round Butte Hatchery had IHNV (50/50) in ovarian fluid, 34% (17/50)
in gill tissue, and 26% (13/50) in mucus preparations.

Mean IHNV

concentrations detected were 103'6 pfu/mL for ovarian fluid, 102'5
pfu/g for gill, and 102'6 pfu/mL in mucus.
Examination of reproductive fluids from female and male
naturally spawning adult kokanee salmon (Metolius River, Oregon)
showed carrier rates of 57% (4/7) and 13% (1/8), respectively.

Mucus

prepared for virus examination from the same fish showed 57% (4/7) of
females and 88% (7/8) of males to be IHNV-positive.

The highest mean

concentrations were found in the mucus; 10 4.2 pfu/mL for females and
103'3 pfu/mL for males.
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Detection of virus in artificially infected fish
Viscera of dead kokanee salmon and steelhead trout, infected
with different strains of IHNV, had concentrations ranging from 10 5.6
to 107'5 pfu/g.
106'0 pfu/mL.

Concentrations of IHNV in mucus ranged from 103'6 to

Mucus preparations from juvenile rainbow trout

infected by waterborne exposure were 100% IHNV-positive 24 h postinfection and gill tissue from the same fish had virus in 50% of the
specimens.

Fish infected by injection had a 60% prevalence in both

mucus preparations and gill tissue during the same time period.
Frequency of virus and IHNV concentrations were maximum at 48 h in
the waterborne and at 72 h in the injected groups and decreased 96 h
post-infection (Table 1).

Repeated examination of mucus from rainbow

trout exposed to waterborne virus showed 60% IHNV-positive 24 h postexposure.

Rainbow trout which were injected with virus had a 30%

frequency of IHNV during the same time period.

In both groups, virus

concentrations in mucus from individual fish increased with time and
were maximum at 48 to 60 h post-infection (Table 2).

No virus was

detected in water examined from aquaria or anesthetic baths.

Table VIII.1. Prevalence and mean concentration of infectious hematopoietic necrosis virus in gill tissues and
mucus
from rainbow trout Oncorhynchus mykiss after infection by waterborne exposure or intraperitoneal
injection.

Waterborne Virusa
Gill

Day

0

1

2

3

4

Mean
Concentrationb

Injected Virusa
Mucus

Gill

Mean

Prevalence

Concentration

Prevalence

0

0.0

0

0.0

0

0.0

0

1.3

50

3.5

100

2.1

60

1.9

60

3.7

100

5.1

100

4.2

90

3.2

80

3.7

100

4.1

100

5.3

100

3.5

90

3.1

80

2.3

80

3.8

80

1.9

60

0.0

Percent

aData represents combined replicate groups (n = 25).
b

Mucus

Percent

Mean
Concentration

Percent
Prevalence

Mean

Concentration

Percent

Prevalence

No virus was detected in control fish or water from aquaria.

Mean virus concentrations represented as log10 pfu/mL or g.
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Table VIII.2. Prevalence and mean concentration of infectious hematopoietic
necrosis virus in mucus repeatedly collected and examined from
rainbow trout Oncorhynchus mykiss after infection by waterborne
exposure or intraperitoneal injection.

Day

Waterborne Virusa
Mean
Percent
Concentrationb Prevalence

Injected Virusa
Mean
Percent
Concentration
Prevalence

0.0

0.0

0

0.0

0

0.5

0.0

0

0.0

0

1.0

1.5

60

0.6

30

1.5

3.0

90

1.5

60

2.0

3.7

100

2.8

100

2.5

3.8

100

3.6

100

3.0

3.9

100

3.3

100

3.5

3.8

100

3.3

100

tata represent combined replicate groups (n = 5).
No virus was detected in
control fish or water from aquaria or anesthetic baths.
b

Mean virus concentrations represented as log10 pfu/mL.
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Discussion

The mucus obtained from naturally and artificially infected
juvenile salmonids consistently contained IHNV at concentrations
which ranged from 101°3 to 106.° pfu/mL.

Horizontal or fish-to-

fish transmission of IHNV is known to occur (Mulcahy et al.
1983).

In a raceway or aquarium containing IHNV infected fish,

mortality can persist, indicating that virus is shed from infected
individuals and subsequently infects other fish in that group.

Nishimura et al. (1988) examined feces from IHNV infected rainbow
trout and found low concentrations of virus relative to
concentrations detected in aquaria water.

Possibly the source of

virus detected in water was from the mucus of infected
individuals.

No virus was detected in aquaria water in our

experiments but we used fewer fish (5 or 25 versus 230) and larger
aquaria (68 L versus 27 L).

Low concentrations of IHNV could have

been present because our detection limit was 20 pfu/mL.

Naturally infected adult chinook and kokanee salmon had at
least the same frequency of IHNV detected in mucus
as was found in

reproductive fluids or spleen tissues.

In most cases the mucus not

only exhibited a higher IHNV prevalence but also had the highest
mean concentration of virus ranging from 10 1.9 to 10 4.2 pfu/mL.
Adult steelhead trout that were examined did not exhibit this
pattern.

The mucus had the lowest IHNV prevalence compared to
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ovarian fluid and gill tissue and the mean IHNV concentration in
mucus was 10-fold less as compared to ovarian fluid.

The mean

concentration of IHNV in ovarian fluid could have been higher.

Our

upper limit of quantitation was 104'5 pfu/mL and there were 16
ovarian fluids which exceeded this upper limit.

Another

explanation may be that this population was infected early during
sexual maturation and by the time these fish were spawned, the
virus could only be found in ovarian fluid.

Mulcahy et al. (1984)

found a 16% frequency of IHNV in ovarian fluid of early spawning
sockeye salmon.
later.

The IHNV prevalence increased to 97% nine days

Possibly if these steelhead trout had been examined

earlier, a higher IHNV frequency may have been detected in the
mucus.

Experimentally, rainbow trout exposed to waterborne virus had
higher IHNV prevalences and concentrations in mucus compared to
gill tissue 24 h post-infection.

The gill has been assumed to be

the primary portal of entry of the virus (Mulcahy et al. 1982).
Yamamoto et al. (1988) used immunohistochemical stains to detect
viral antigen in juvenile rainbow trout exposed to waterborne
IHNV.

Viral antigen was detected in the epidermis but not the gill

at 1 and 2 d post-infection causing them to question the gill as
the portal of entry of the virus.

Our results also suggest that

the skin might be a portal of entrance for IHNV.

The presence of

virus within the mucus was shown to be the result of the normal
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progression of the disease.

Mucus which was repeatedly collected

and examined from the same individual over time
was detected IHNVpositive 24 h post-exposure.

Virus concentrations continued to

increase through 84 h after which concentrations slowly
decreased.

No virus was detected in aquarium water indicating IHNV

was replicating in adjacent cells and being extruded into the
mucus, but no gross pathology was observed.
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SUMMARY AND CONCLUSIONS

1.

Kokanee salmon decreased in susceptibility with increasing size
(0.2 to 7.2 g mean body weight) and age (45 to 210 d) to a type

2 electropherotype of IHNV, but this species continued to be
susceptible to the type 1 strain independent of size and age.

2.

Rainbow trout decreased in susceptibility to the type 1 strain
but remained susceptible to the type 2 independent of size (0.2
to 13.1 g) and age (25 to 170 d).

3.

The type 1 strain was shown to be host adapted to kokanee salmon
and the type 2 strain to rainbow trout.

Size and age alone did

not determine susceptibility.

4.

Type 2 and 3 strains of IHNV obtained from infected fish in the
Columbia River basin were more virulent for steelhead trout.

5.

Type 3 strains obtained from infected fish in rivers of southern
Oregon and California were more virulent for chinook salmon.

6.

A type 1 electropherotype was less virulent for both steelhead
trout and chinook salmon.
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7.

Isolants of type 3 IHNV exhibit differences in virulence
dependent on the geographic location from which they were
obtained.

8.

Microscopic signs of infection were first detected in rainbow
trout 3-4 d following exposure to virus.

9.

In rainbow trout exposed to a type 2 strain of IHNV, the disease
was severe and progressive.

10. A type 1 and 3 strain of IHNV induced similar changes in the
kidney, spleen, and pancreas of rainbow trout as the type 2
strain but these were less severe and by 8-10 d following

exposure had resolved in most fish examined.

11. A fluorescent antibody test (FAT) which used either polyclonal

or monoclonal antisera was developed for the rapid detection of
IHNV.

12. All strains of IHNV tested by the FAT reacted with both
antisera

and there was no cross-reactivity with other fish viruses
or
with cell lines of salmonid or non-salmonid origin.
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13. The FAT was used for the detection of IHNV in blood smears and
organ imprints from clinically infected junveniles and
IHNV-infected cells from adult carriers.

14. The FAT was equal in sensitivity to the plaque assay method but
required less time to obtain a definitive diagnosis.

15. Infectious hematopoietic necrosis virus was not detected in
steelhead trout at spawning.

However, it was present in ovarian

fluid (OF) of post-spawning fish, in OF from stored ova, and in

OF incubated in cell culture vessels.

16. Cells free in the OF of spawning fish, that were removed by

filtration, allowed replication of IHNV post-spawning.

17. Infectious hematopoietic necrosis virus (IHNV) was detected in

mucus obtained from naturally infected juvenile and adult
salmonids.

18. Juvenile rainbow trout artificially infected with IHNV
by the

waterborne route had higher prevalence and concentrations of
virus in the mucus than in gill tissues and the concentrations
of IHNV increased with time in both specimens.
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19. Infectious hematopoietic necrosis virus detected in mucus may

have resulted from the normal progression of the disease and the
integument may have served as a site of virus replication and a
possible portal of entry.
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APPENDIX 1

Infectious Hematopoietic Necrosis Virus (IHNV)
in Coho Salmon (Oncorhynchus kisutch)
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Abstract

Infectious hematopoietic necrosis virus (IHNV) causes important

losses among chinook salmon (Oncorhynchus tshawytscha), sockeye
salmon (Oncorh nchus nerka), and rainbow and steelhead
trout
(Oncorh nchus mykiss) on the west coast of North America.

Although

coho salmon (Oncorh nchus kisutch) are considered resistant to IHNV

infection, virus was detected among numerous adult coho salmon
returning to Trinity River Hatchery, California, in 1985 and 86.

The virus was isolated from internal organs and ovarian
fluids of
these fish.

Comparison of antigenic and structural polypeptides of

the viruses from adult coho and chinook salmon collected
at the same
location indicated they were identical.

Chinook and rainbow trout

alevins exhibited a high degree of susceptibility to IHNV
obtained
from the adult coho and chinook.
both virus isolants.

Coho alevins were resistant to
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Introduction

Infectious hematopoietic necrosis (IHN) caused by a rhabdovirus
(IHNV) is the most important viral disease of cultured salmon
and
trout in North America.

Young salmonids are extremely susceptible

to IHNV often developing fatal clinical infections and adults
can be
subclinical carriers with high concentrations of virus detected in
their tissues (filcher and Fryer 1980; Mulcahy et al. 1982).

Of the

Pacific salmon found in North America, only coho (Oncorhynchus
kisutch) are believed resistant to IHNV infection.

On only two

occasions has IHNV been detected in single samples from coho
adults
despite annual virus monitoring of numerous different coho
stocks
(W. H. Wingfield, California Department of Fish
and Game and W. J.

Groberg, Oregon Department of Fish and Wildlife, personal
communications).

Epizootics due to IHNV have never been documented

in coho salmon alevins or juveniles and experimentally
these fish

demonstrate a high degree of resistance to the virus (Watson
et al.
1954; Parisot and Pelnar 1962; Wingfield and Chan 1970).

The basis

of this species resistance is unknown.
In 1985 and 86 a high prevalence of IHNV was detected
in
spawning coho at Trinity River Hatchery in northern California,
USA.

This report describes the antigenic relatedness, structural

polypeptides and virulence characteristics of the virus
isolated
from adult coho salmon and compares it to IHNV isolated from adult
chinook salmon (Oncorh nchus tshaw tscha) at the
same facility.
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Materials and Methods

Two fish cell lines were used for the isolation, propagation
and identification of the Trinity River Hatchery virus isolates:
(1) the CHSE-214 line (ATCC CRL 1681) from chinook salmon (Lannan et

al. 1984) and (2) EPC from common carp (Cyprinus carpio) (Fijan et
al. 1983).

Both lines were propagated in minimum essential medium

(MEM, Gibco) supplemented with fetal bovine serum (Hyclone
Laboratories) to 10% (MEM-10), L-glutamine to 10 mM, penicillin to
50 I.U./mL, streptomycin to 50 ug/mL, and buffered with 7.5% sodium
bicarbonate or tris HC1 to pH 7.5.

For routine cell propagation the

CHSE-214 line was incubated at 20°C and the EPC line at 25°C.

All

procedures for the isolation of IHNV have been described by Amos
(1985).

Viruses used for antigenic, protein and virulence

comparisons were grown in CHSE-214 cells at 16°C in MEM-5 and stored
at -70°C.

Thirty adult coho and five adult chinook salmon were collected
at the hatchery and examined individually for IHNV.

Four separate

tissues (ovarian fluid, gill, spleen and pyloric ceaca) were taken
from each fish.

These were transported to the laboratory and virus

concentrations in each tissue determined by a modification of the
plaque assay (Burke and Mulchay 1980) described by LaPatra et al.
(in press).
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The two viruses (IHNV from adult coho and chinook) from Trinity
River Hatchery salmon were compared by cross-neutralization using
three different neutralizing antibodies:

1) monoclonal antibodies

(Mabs) produced against virus obtained from chinook salmon at the
Nimbus Hatchery (Sacramento River, California), (2) Mabs against
virus from Round Butte Hatchery steelhead trout (Oncorhynchus
mykiss) (Deschutes River, Oregon) (Winton et al. 1988), and (3)
hyper-immune rabbit serum against purified Round Butte Hatchery
virus produced as described by Hsu and Leong (1985).

The alpha

neutralization test (Rovozzo and Burke 1973) was used to determine
the neutralization index for each of the virus isolants from coho
and chinook salmon.

To determine the biochemical relatedness of the chinook and
coho IHNV isolants, electrophoretic patterns of the structural
polypeptides were compared.

Virus purification and separation of

polypeptides by polyacrylamide gel electrophoresis were performed as
described by Leong et al. (1981).
described by Merril et al. (1980).

Silver staining was done as
Other IHNV isolants used in this

comparison included representatives of each of the electropherotypes
defined for different strains of IHNV by Hsu et al. (1986).

These

were type I from steelhead trout, Deschutes River, Oregon; type II
from rainbow trout (Oncorh nchus mykiss), Hagerman Valley, Idaho;
type III from chinook salmon, Elk River, Oregon; and type IV from
chinook salmon, Sacramento River, California.
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Results

The prevalence of IHNV in adult coho salmon was 27% with only
low concentrations of virus (7.9 x 10 2 to 0 pfu/mL or g) detected.
In contrast the adult chinook salmon had a 100% prevalence with
high
concentrations of virus (1.0 x 103 to 7.9 x 10 6 pfu/mL or g)
detected in almost every tissue from each fish.
There were no differences detected between IHNV isolants from
Trinity River Hatchery chinook and coho when compared by
crossneutralization with three different neutralizing antibodies.
Neutralization indices for each antiserum preparation used were:
(1) 1.9 and 1.0 for Mab against virus obtained from chinook
(Sacramento River, California), (2) 3.0 and 2.7 for Mab against

virus from steelhead trout (Deschutes River, Oregon) and (3)
3.1 and
2.4 for polyclonal rabbit serum against IHNV, for the chinook and
coho isolants, respectively.

Electrophoretic profiles of the two virus isolants by SDS-PAGE
showed no differences in the structural proteins (Fig. 1).

Both

isolants were type 3 because they had higher molecular weight
nucleocapsid proteins than other IHNV.

Trinity River Hatchery chinook and coho IHNV isolants were
virulent for chinook and rainbow alevins (Table 1).

Although there

were deaths among the coho alevin exposed to IHNV, the virus
was not
isolated from any of these fish.
rainbow and chinook which died.

Virus was isolated from 90% of the
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Virulence of the two IHNV isolants for alevin chinook and coho
salmon and rainbow trout was determined following waterborne
exposures to virus (mean weight of each group was 0.9, 0.5 and 0.6g,
respectively).
of IHNV.

All fish were obtained from stocks with no history

Dilutions of virus were prepared in 1 L of fish-pathogen-

free well water in 20 L aquaria to obtain concentrations of 102
10

5

pfu/mL.

Thirty fish were added to each aquaria.

Rainbow trout

were exposed only to the lowest dilution of each isolant.

Fish in

control groups were treated the same but no virus was added.

After

12 h of exposure with aeration, water flow was initiated at a rate
of 0.2 L/min.
13.5°C.
15 d.

The mean water temperature during the experiment was

Fish were fed twice daily and observed for signs of IHN for
Dead fish were removed daily and examined by plaque assay for

the presence of IHNV.
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Figure 1.1.

Electrophoretic profile of different isolants of
infectious hematopoietic necrosis virus.
Lane
representations are S, molecular weight standards;
type 1; 2, isolant from coho salmon (Oncorhychus
kisutch) at Trinity River Hatchery; 3, type 3; 4,
isolant from chinook salmon (Oncorhynchus
tshawytscha) at Trinity River Hatchery; 5, type 4;
and 6, type 2.
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Table 1.1.

Cumulative percent mortality in chinook (Oncorhynchus tshawytscha) and
coho salmon (Oncorhynchus kisutch) and rainbow trout (Oncorhynchus
mykiss) alevins following waterborne exposures at different virus
concentrations (log10 pfu/mL). Virus isolants used were from chinook
(Ch) and coho salmon (Co) adults at Trinity River Hatchery.

Fish Species:
Virus Isolant:

Chinook

Coho

Rainbow

Ch

Co

Ch

Co

Ch

Co

5.0

40

60

7

3

80

70

4.0

27

30

7

7

nda

3.0

21

27

7

0

nd

2.0

27

30

7

3

nd

Virus
Concentration

0.0

a

nd:

not done

7

3

nd
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Discussion

Although IHNV was rarely observed in coho salmon, it has been
detected annually since 1985 in the Trinity River stock.
Discussions with fish health workers in the Pacific Northwest
indicated that isolations of IHNV from adult coho are increasing
(Steve Leek, United States Fish and Wildlife Service, personal
communication).

Because coho were thought to be resistant to

infection by this virus, there were concerns that these isolations
represented a new strain of IHNV adapted to coho salmon.

This

prompted us to examine the antigenic relatedness, structural
polypeptides and virulence characteristics of IHNV isolated from
coho and chinook at Trinity River Hatchery.

Antigenically there were no differences observed between the
two isolants indicating the viruses were serologically identical.
Neutralization indices were similar to those reported by Arkush et
al. (in press) using the same antibodies and IHNV isolants.
Comparison of the structural polypeptides of the two IHNV isolants
showed them to be identical.

Both isolants were of the type 3

electropherotype and similar to IHNV previously isolated from
chinook in this region (Hsu et al. 1986).

Examination of virulence

showed both isolants were infectious for chinook salmon and rainbow
trout.

Coho salmon alevins were resistant, consistent with what has

been reported in the literature (Watson et al. 1954; Parisot and
Pelnar 1962; Wingfield and Chan 1970) and observed in nature.
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The reason for the occurrence of IHNV in adult coho salmon is
not known.

An explanation which could account not only for the

Trinity River isolations but also for the increased detection of
IHNV in coho from the Pacific Northwest is hatchery practices which
facilitate horizontal transmission of the virus between adult salmon
(LaPatra et al. 1987).

In each case chinook adults infected with

IHNV were present with the coho and hatchery design and/or practices
involved with the handling of these adults may have influenced their
subsequent infection.
IHNV is not known.

The importance of adult coho as carriers of
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APPENDIX 2

Effect of Water Flow and Formalin Treatment on Prevalence of
Infectious Hematopoietic Necrosis Virus in Adult Salmonids
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Abstract

Two parameters were investigated to determine their effects on
the carrier rate of infectious hematopoietic necrosis virus (IHNV) in
an infected broodstock of adult salmon and trout.

Water flow in the

adult holding pond did not appear to enhance or decrease the IHNV
carrier rate.

Replicate groups of chinook salmon (Oncorhynchus

tshawytscha) held in water flows which differed by 600 gal/min had
almost identical carrier rates.
lower IHNV carrier rate.

Formalin treatments maintained a

In one study, replicate groups of steelhead

trout (Oncorh nchus mykiss) adults were held under similar

conditions; the water of one group received 167 ppm formalin for 1 h,
5 d per week for three months and the other group was left
untreated.

The carrier rate of IHNV in the females which received

the formalin treatments was 18% lower than in the untreated
females.

No differences were seen in the males.

When this study was

repeated on a later migrating group from the same stock of fish, no
difference was seen in the females; however, the males which received
the formalin treatments had a 33% lower carrier rate than males left
untreated.

Possibly the virucidal activity of formalin functions to

keep the concentration of virus below a threshold needed for
efficient horizontal transmission to occur.
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Introduction

Evidence suggests that adult salmon and trout become infected
with infectious hematopoietic necrosis virus (IHNV) upon returning to
freshwater.

In spawning populations of anadromous salmonids in which

some individuals are infected with IHNV, the prevalence of infected
adults can increase and approach 100% as the spawning run progresses
(Wingfield and Chan 1970; Mulcahy et al. 1984).

Prior to sexual

maturation, adult salmon are often held at high densities and low
water flows in hatcheries.

This can create situations in which a few

fish harboring IHNV can infect the rest of the population by
horizontal or fish-to-fish transmission of waterborne virus.

Mulcahy

et al. (1983) reported both infection rates and virus concentrations

were higher in sockeye salmon held at high density and low water flow
in a side channel of a river than in fish in the mainstream of the
river.

Furthermore, virus was detected in water taken from the side

channel but was never isolated from the adjacent river.

LaPatra et

al. (1987) presented data that indicated IHNV was transmitted
horizontally from adult chinook salmon (Oncorh nchus tshaw tscha) to
adult coho salmon (Oncorh nchus kisutch) at a hatchery in northern
California.

They suggested that horizontal transmission may be an

important means of disseminating the virus in and between adult
salmon populations.
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During the past five years at Round Butte Hatchery (RBH) located
on the Deschutes river in Central Oregon, adult salmonids have been
monitored for the prevalence of IHNV.

This facility possesses an

annually returning stock of steelhead trout (Oncorh nchus mykiss)

which are trapped on the Deschutes River and subsequently transported
to the hatchery where they are held until spawning.

Since 1976 these

adults have had a consistent IHNV carrier rate ranging from 20 to
50%; but, in 1986 and 1987, the IHNV carrier rate declined to
negligible levels (Table 1).

At RBH several factors changed in 1986 and 1987 and included:
1) a doubling of the water flow (300 gal/min to 600 gal/min) through
the adult holding ponds; 2) the use of formalin as a fungicide in
adult treatments and; 3) a delay in the transporting and holding of
adults at the facility until just prior to spawning.

These changes

were implemented primarily to decrease adult mortality and to comply
with U.S. Food and Drug Administration regulations requiring
substitution of malachite green with an alternate
chemotherapeutant.

These changes appeared to correlate with the

decrease in the prevalence of IHNV in the adults.

By changing the long term holding of adults in a high density,
low water flow situation, to one of a shorter duration with higher

water flows, adult mortality was decreased and possibly adult to
adult transmission of IHNV was decreased as well.

Furthermore, the

use of formalin, which has been shown to have virucidal activity

206
Table 2.1.

Annual prevalence of infectious hematopoietic necrosis virus
(IHNV) and mortality in adult summer steelhead trout
(Oncorhynchus mykiss) at Round Butte Hatchery (Deschutes River,
Oregon).
Total

Adults

Adult
Mortality

Number

Year

1983

733

86

200

48

1984

1061

496

505

44

1985

1351

115

699

39

1986

1147

59

570

4

1987

710

33

508

5

Spawned

Percent IHNV(+)
of Fish Spawned
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against IHNV (LaPatra and Rohovec 1987), instead of malachite green
as a fungicide, could allow better sanitation of the environment
within the holding ponds, again decreasing horizontal transmission
of virus.

The objective of this study was to investigate the effect

of water flows and formalin treatments on the prevalence of IHNV in
spawning populations of anadromous salmon and trout.
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Materials and Methods

Round Butte Hatchery has two identical adult holding ponds,
each with its own water inflow (Figure 1).

Total water flow

available to these ponds is 1,200 gal/min.

Water inflow to pond 1

was set at 900 gal/min (high flow) and 300 gal/min (low flow) to
pond 2.

The water temperature is a constant 50°F and sedimentation

within the water column is rarely detected throughout the year.
From May through July, 1987, adult chinook salmon were trapped on
the Deschutes River below Felton Dam.

When transported to the

hatchery, fish were alternately distributed into the holding ponds
until a total of approximately 300 salmon were present in each.
Formalin treatments were administered to both groups for 80 min, 3 d
per week at a concentration of 167 ppm formalin.

The fish were held

in these ponds until late August when two separate egg collections
were conducted.
IHNV.

At each spawning, individual fish were examined for

Specimens taken at the first spawning included fluids

associated with gametes (ovarian fluid from females and milt from
males) and spleen tissues.

These same specimens and gill tissues

were taken at the second spawning.

All procedures for the isolation

of IHNV have been described by Amos (1985).

Virus concentrations in

each tissue were determined by a modification of the plaque assay
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Figure 2.1.

Schematic diagram of the adult holding ponds at Round
Butte Hatchery (Deschutes River, Oregon). Arrows
indicate direction and distribution of water flow.
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(Burke and Mucahy 1980) reported by LaPatra et al. (in press).

The

prevalence and concentration of IHNV detected in specimens collected
from fish held in high water flows were compared with those from
fish held in low water flows.

Utilizing the 1988 brood year steelhead trout, two experiments
were conducted to evaluate the effect of formalin treatments on the
prevalence of IHNV in mature adult fish.

In the first experiment,

506 adult steelhead trout were trapped and transported to the
hatchery from November 18, 1987 through January 25, 1988.

Approximately the same number of fish were placed in each holding
pond and water flows maintained at 600 gal/min.

One group received

formalin flush treatments for 80 min at a concentration of 167 ppm
formalin 5 d per week.

The other group received the same formalin

flush treatment for 3 d post-transport but was then left
untreated.

Two separate egg collections were conducted and sex

fluids and spleen tissues were collected from each fish spawned.
The experiment was repeated in a later migrating group of the same
stock.

During February, 1988, 227 fish were collected; the first

101 adults (51 females and 50 males) were placed in one pond on

February 10 and the formalin treatment regimen begun.

The second

group of 126 adults was put in the other pond on February 22 and
29.

The February 22 group received the formalin for 3 d post-

transport and no other treatments were administered.
collection was conducted with fluids,

One egg

spleen, and gill tissues were
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examined from each fish spawned.

The prevalence and concentrations

of IHNV were determined by plaque assay and formalin-treated fish
were compared with untreated fish for each experiment.
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Results and Discussion

Two parameters which are important in the holding of adult
salmon and trout were investigated to determine the effects on the
IHNV carrier rate in an infected broodstock.

The prevalence of IHNV

in duplicate groups of chinook salmon adults in ponds with a water
flow rate of 900 gal/min was not different from those held in 300
gal/min (Table 2).

Furthermore, there were no differences in the

concentrations of the virus in selected tissues examined from fish
in the two groups (data not shown).

Water flow in an adult holding

pond did not appear to enhance nor decrease the IHNV carrier rate.
Mulcahy et al. (1983) suggested that penning spawning salmon at high
density with relatively low water flow may increase the IHNV carrier
rate.

held in

They compared IHNV prevalence and concentrations between fish
side channel which had low water flow and the mainstream of

the river with higher flows.

The average water flow in the side

channel was about 1 gal/min/adult.

In our study the water flow was

3 gal/min/adult in the high water flow group and about 1
gal/min/adult in the low flow group and no differences in the
carrier rate between the groups were detected.

These results

indicate that increased water flows do not influence the prevalence
of IHNV by physically decreasing the chances of waterborne virus to
attach to fish and initiate an infection nor by accelerating the
removal of virus that may be present.
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Table 2.2.

Water
Flow

The prevalence of infectious hematopoietic necrosis virus (IHNV) in
adult spring chinook salmon (Oncorhynchus tshawytscha) in ponds
receiving two different water flows.

Proportion of Adults IHNV (+)
Females
Males Combined

Proportion of Tissue Pools IHNV (+)
Females
Males
OFa

sb

Gc

Md

S

G

900

56/81

11/23

67/104

48/81

27/81

22/42

4/23

5/10

6/10

(gal/min)

(69%)

(48%)

(64%)

(50%)

(33%)

(52%)

(17%)

(50%)

(60%)

300

50/72

8/23

58/95

44/72

19/72

21/32

6/23

2/9

5/9

(gal/min)

(69%)

(35%)

(61%)

(61%)

(26%)

(66%)

(31%)

(22%)

(55%)

aOF = ovarian fluid.
b

= spleen tissue.

cG = gill tissue.
d

M = milt.
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Mulcahy et al. (1983) were also able to detect virus in
water taken from the side channel but not from the adjacent
river.

Concentrations of IHNV ranged from 33 to 1,600 plaque

forming units (pfu)/mL in water from the side channel.

Although

we did not attempt to detect IHNV in the water during this
investigation, Watanabe et al. (1988) did detect IHNV in adult
holding pond effluent from RBH.

With about 40 adult steelhead

trout present in the pond, IHNV was detected at a concentration
of

1 pfu/5 mL of effluent.

mL was detected.

With about 15 fish present,

1 pfu/50

This suggests that adults do shed virus and

the amount of virus present is dependent on the number of adults
in the pond.

High densities of adults could increase virus

concentrations in the water and increase the chances for
horizontal transmission to occur.

Yamamoto et al. (in press)

showed that adult kokanee salmon (0. nerka), approaching sexual
maturity, can be artificially infected by waterborne virus
exposures.

Virus was detected in tissues 72 h post-infection

and concentrations of virus found were dose dependent.

This

suggests that some species of adults are susceptible to
infection by waterborne virus as they sexually mature and that
virus concentrations increase within the host rapidly.

The

higher the concentration of virus in the water, the faster adult

fish could become infected and begin shedding more virus into
the water.
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Formalin treatments showed some benefit in maintaining a
lower IHNV carrier rate.

In the first experiment, there was an

18% lower prevalence of IHNV in adult steelhead trout females
which received the formalin than fish that did not.
Furthermore, the prevalence was higher in both ovarian fluid and
spleen tissues in the untreated female fish group than that
detected in the formalin-treated group (Table 3).

Although

virus concentrations in ovarian fluids did not appear to be much
different between the two groups, our upper limit of
quantitation in this experiment was 104°5 pfu/mL.

There were 16

ovarian fluids which exceeded this upper limit from the
untreated group whereas in the treated group there were only
4.

Therefore, the difference in mean virus concentrations could

have been much greater.

There was only a slight difference in

the number of carrier males detected in the two groups.
In the second experiment, there was a negligible difference
in the carrier rate in the female fish from each group.
However, the adult males receiving formalin had a 33% lower
carrier rate than males which were left untreated.

The

untreated males had a higher prevalence of IHNV in the spleen
and gill tissues but a lower prevalence of virus in the milt
than those males which received the formalin (Table 4).

The

lack of differences in the females probably resulted because the
carrier rate approached 100% in these later migrating female

Table 2.3.

Effect of formalin treatments on infectious hematopoietic necrosis virus (IHNV) in steelhead trout (Oncorhynchus mykiss)
adults.

Females

Ovarian Fluid
Treatments Prevalenceb Mean Titers

Males

Spleen

Total

Prevalence Mean Titer

Milt

Prevalence Prevalence

Spleen

Mean titer

Total

Prevalence Mean Titer

Prevalence

Formalin

52/82

3.2

23/82

3.1

53/82(65%)

15/104

1.7

8/104

2.6

21/104(20%)

No Formalin

57/70

3.4

28/70

3.2

58/70(83%)

14/72

1.5

3/72

2.0

11/72(15%)

aThe formlain-treated group received 167 ppm formalin for 80 min, 5 d per week,
b

c

Number of IHNV- positive /total number tested.

Mean virus concentration expressed as log10 plaque forming units (pfu) /mL or g of tissue.

Table 2.4.

Effect of formalin treatments on infectious hematopoietic necrosis virus (IHNV) in steelhead trout (Oncorhynchus mykiss)
adults.

Females

Ovarian Fluid
Mean

Spleen

Males
Gill

Spleen

Milt

Mean

Mean
Total
Treatments Prevalenceb Titerc Prevalence Titer Prevalence Titer Prevalence Prevalence

Mean

Gill

Mean

Mean
Total
Titer Prevalence Titer Prevalence Titer Prevalence

Formalin

35/88

5.3

30/38

3.8

20/38

2.7

37/38(97%)

4/17

1.6

8/17

2.5

5/17

2.3

6/17(35%)

No Formalin

38/40

3.0

29/40

3.8

19/40

3.1

38/40(95%)

1/24

2.0

21/34

3.0

12/34

2.8

23/34(68%)

a

b

The formalin-treated group received 167 ppm formalin for 80 min, 5 d per week.

Number of IHNV-positive/total number tested.

cMean virus concentration expressed as log10 plaque forming units (pfu)/mt or g of tissue.
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fish.

Furthermore, fish in the formalin-treated group were in the

holding ponds for 20 d while those in the untreated group were there
for 8 d.

This may also explain why higher concentrations of virus

were detected in ovarian fluids of fish in the formalin treated
group (Table 4).

From these results, formalin-treated adults maintained a lower
IHNV carrier rate.

In vitro, concentrations of formalin ranging

from 100 to 1000 ppm reduced IHNV concentrations 53 to 92%,
respectively (LaPatra and Rohovec 1987).

Possibly the virucidal

activity of this chemical functions to keep the concentration of
virus below a threshold needed for efficient horizontal transmission
to occur.

Further studies are planned to evaluate the effect of

decreasing the amount of time an adult salmonid is held at the
hatchery prior to maturation and its effect on the IHNV carrier rate
in an infected stock.
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