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Since the isolation of the Oregon sockeye salmon virus (OSV) in

1958, extensive investigations have been undertaken to characterize

the properties of this virus. The results of these investigations

have indicated that OSV is a single-stranded RNA virus which con-

tains essential lipids and has a density of 1.16 gm/cm 3 in sucrose.

In negative stained, glutaraldehyde-fixed preparations, OSV has been

identified as a bullet shaped particle 166 to 181 nm in length and 91

to 98 nm in diameter. OSV has been tentatively placed in the

Rhabdovirus group. OSV has been found to be antigenically indis-

tinguishable from infectious hematopoietic necrosis (IHN) virus, a

bullet shaped virus of sockeye salmon and rainbow trout.



Events occurring during a single cycle of OSV replication were

investigated. OSV was found to adsorb rapidly to the cell monolayer

in the first 15 minutes of exposure. By 60 to 75 minutes after virus

exposure under the conditions used, adsorption appeared to be

essentially completed.

A single-cycle growth curve of OSV indicated that free and total

virus increase in an exponential manner. Total virus reached maxi-

mum titer in 24 hours while free virus did not reach maximum titer

until 48 to 72 hours after infection. Progeny virus appear to be

retained in the cell and released gradually into the surrounding

medium. The titer attained by free and total virus was nearly the

same.

Total viral RNA synthesis during a single cycle of OSV repli-

cation was monitored by incorporation of uridine-5- 3 intonto acid-

precipitable RNA. Total viral RNA in actinomycin D treated mono-

layers increased exponentially from 8 to 17 hours after infection then

stabilized. Accumulation of total viral RNA corresponded well to

the total virus growth curve. RNA incorporation into infectious virus

continued after total viral RNA reached a maximum. Cellular RNA

synthesis was reduced by greater than 99% in the presence of

actinomycin D.

Indirect fluorescent antibody staining indicated that OSV

developed in the cytoplasm. Fluorescent granules appeared at



2 hours after virus infection and increased in size and number on

longer incubation. The fluorescence observed was confined to the

cytoplasm with no fluorescence observable in the nucleus.

Direct evidence for the occurrence of the autointerference

phenomenon with OSV was demonstrated with serial undiluted virus

passage. Serial undiluted virus passage titers were consistently 10

to 100 times lower than parallel titers achieved in serial diluted

virus passage indicating that autointerference occurs with OSV.

Thin section preparations of cells infected with OSV indicated

a morphological difference in virus particles produced using diluted

virus inoculum and undiluted virus inoculum (autointerfering condi-

tions). Three types of particles were observed. OSV-I particles

were 188 nm in length by 70 nm in diameter; OSV-II particles were

118 by 69 nm; and OSV-III particles were 81 by 66 nm. In cells

exposed to diluted virus inoculum, essentially only OSV-I particles

were observed. In cells exposed to undiluted virus inoculum, all

three types of particles were observed. OSV-III particles were found

in the greatest number while OSV-I particles were found in the least

number.

Negative stained virus preparations gave some insight into the

nature of the OSV nucleocapsid. The striated component of the virus

appears to be helical in configuration. The striations are 2. 4 nm in

width with periodicity of 5.2 nm. Situated within and observed



extruding from the striated component, there appears to be filam-

entous material which in these preparations appeared to have a ran-

dom configuration. It is not known if the striated and filamentous

components are continuous.

Thin section preparations indicated the presence of 12 nm

surface projections extending radially from the surface of the virus

particle.

Virus particles were observed in cytoplasmic vesicles and

were observed budding through surface membranes into the surround-

ing medium. No inclusion bodies were observed in either the

cytoplasm or the nucleus. No virus particles were observed in the

nucleus.

The thermal stability of OSV was investigated in three aqueous

environments. The virus became more unstable with increasing

temperature. All virus titers decreased exponentially.

The effect of temperature on OSV infection in kokanee salmon

was investigated. The optimum temperature range for the progress

of the infection was 12. 2oC to 15. 0oC. At temperatures above

17. 8
oC, the percent mortality decreased significantly. At tempera-

tures below 9. 4oC, the percent mortality was very high, but the

mean time for death was greatly increased.

The antigenic relationship between OSV and Egtved virus, a

bullet shaped virus of rainbow trout, was investigated by the cross



plaque neutralization test. No neutralization of the heterologous

virus was observed with either antiserum. By this method OSV and

Egtved virus appear to be antigenically unrelated.



The Oregon Sockeye Salmon Virus (IHN):
A. Replication and Autointerference

B. The Effect of Temperature
on Infection in Kokanee Salmon
(Oncorhynchus nerka) and

On Virus Stability

by

Philip Everett McAllister,II

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Doctor of Philosophy

June 1973



APPROVED:

Redacted for Privacy
Professor of Microbiology

in charge of major

Redacted for Privacy

Head of Department of Microbiology

Redacted for Privacy

Dean of Graduate School

Date thesis is presented May 1, 1973

Typed by Ilene Anderton for Philip Everett McAllister, II



ACKNOWLEDGEMENTS

I am indebted to Dr. K. S. Pilcher for his interest and guidance

throughout my predoctoral training. Dr. K. S. Pilcher's assistance

and suggestions during the preparation of this manuscript were

invaluable and very much appreciated.

I am deeply grateful to my wife Martha. The completion of my

degree requirements would have been much more difficult without

her patience, understanding, co-operation, and sacrifices. I also

thank my sons Alex and Stephen for the joy they've added to my life.

I wish to thank my parents for their sacrifices and encourage-

ment over the years. All that they've done for me cannot be put in

a few words.

I also appreciate the assistance provided by Burt Lidgerding

and R. H. McCoy, the large numbers of kokanee salmon provided by

agencies of the state of Oregon, and the ready access to instruments

afforded me by other sections of the Department of Microbiology.

This research was supported by an NDEA Title IV Fellowship

and by a grant from the Environmental Protection Agency (Grant

#18050 DIJ). I am grateful for their assistance.



TABLE OF CONTENTS

Page

INTRODUCTION 1

LITERATURE REVIEW 2

MATERIALS AND METHODS 6

Salmonid Cell Lines 6

Maintenance of Stock Cell Cultures 6

Cell Culture and Virus Propagation Media 7

Viruses 7

Oregon Sockeye Salmon Virus (OSV) 7

Egtved Virus 8

Virus Propagation 8
Mono layer Plaque Assay Technique 9

Immunological Techniques 11
Preparation of Rabbit Immune Serum 11
Cross-Plaque Neutralization Test 13
Fluorescent Antibody 13

Preparation of Fluorescein Conjugated Serum
Globulins 14

Preparation of Virus Infected Specimens 16
Direct Fluorescent Antibody Staining Procedure 17
Indirect Fluorescent Antibody Staining Procedure 17
Photography of Fluorescent Antibody Treated
Specimens 18

Adsorption of OSV to the CHSE-214 Cell Line 18
Single-Cycle Growth Curve of OSV in the CHSE-214

Cell Line 19
RNA synthesis in OSV Infected CHSE-214 Cells 21
Demonstration of the Autointerference Phenomenon

with OSV 23
Electron Microscopy 25

Preparation of Negative Stained OSV Specimens 25
Virus Propagation 25
Particle Purification 25
Preparation of Negative Stained Specimens 29

Preparation of Thin Section OSV Specimens 30
Virus Propagation -- Undiluted Virus Inoculum 30
Virus Propagation -- Diluted Virus Inoculum 30



Page

Preparation of Specimens for Cutting into
Thin Sections 31

Thermal Stability of the Oregon Sockeye Salmon Virus 32
Effect of Temperature on In Vivo OSV Infection 33

Virus Used in In Vivo Experiments 33
Procedure for In Vivo Experiments 33
Criteria for Judging Death Due to Virus Infection 36
Care of Experimental Fish 36
Statistical Analysis 37

EXPERIMENTAL RESULTS 39
Adsorption of OSV to the CHSE-214 Cell Line 39
Single-Cycle Growth Curve of OSV in the CHSE-214

Cell Line 41
RNA Synthesis in OSV Infected CHSE-214 Cells 44
Fluorescent Antibody 50
Demonstration of Autointerference Phenomenon

with OSV 54
Electron Microscopy 57
Thermal Stability of the Oregon Sockeye Salmon Virus 69
Effect of Temperature on In Vivo OSV Infection 74
Cross Plaque Neutralization Tests 95

DISCUSSION 99

SUMMARY AND CONCLUSIONS 119

BIBLIOGRAPHY 126

APPENDIX A 132

APPENDIX B 133

APPENDIX C 137



LIST OF TA BLES

Table Page

1. Dehydration and staining of osmic acid stained
samples. 32

2. Dispersal of fish among experimental aquaria. 35

3. Adsorption of OSV to the CHSE-214 cell line. 39

4. Single-cycle growth curve of OSV in the CHSE-
214 cell line at 18°C. 42

5. Incorporation of Uridine-5- 3 .

H OSV infected
CHSE-214 cells at 18°C. 46

6. Demonstration of autointerference with serial
passage of OSV. 56

7. Dimensions of 172 virus particles identified in
glutaraldehyde-fixed, thin sectioned CHSE-214
monolayers infected with diluted or undiluted
virus inoculum.

8. Distribution of particles observed in thin section
electron microscopy preparations of CHSE-214
cells infected using diluted or undiluted virus
inoculum.

9. Stability of the Oregon sockeye salmon virus.

10. Effect of various concentrations or Oregon sock-
eye salmon virus on establishment of virus infec-
tion and mean time for death at 12. 2 °C (54°F).

11. Effect of various concentrations of Oregon sock-
eye salmon virus on establishment of virus
infection and mean time for death at 12. 2°C
(54°F).

62

65

75

80

81



Table Page

12. Effect of water temperature on infection with the
Oregon sockeye salmon virus.

13. Effect of water temperature on infection with the
Oregon sockeye salmon virus.

14. Effect of water temperature on infection with the
Oregon sockeye salmon virus.

15. Effect of water temperature on infection with the
Oregon sockeye salmon virus.

16. Effect of water temperature on infection with the
Oregon sockeye salmon virus.

17. Effect of size or age and population on Oregon
sockeye salmon virus infection at 12. 2°C(54 F).

18. Cross-plaque neutralization tests with OSV
rabbit antiserum versus OSV and Egtved virus.

19. Cross-plaque neutralization tests with Egtved
virus rabbit antiserum versus OSV and Egtved
virus.

84

86

88

90

92

94

97

98



LIST OF FIGURES

Figure Page

1. Adsorption of OSV to the CHSE-214 cell line. 40

2. Single-cycle growth curve of OSV in the CHSE-214
cell line at 18°C. 43

3. Incorporation of uridine-5- 3 .

H OSV infected CHSE-
214 cells at 18°C in the presence of actinomycin D. 47

4. Incorporation of uridine-5- 3 .
H OSV infected CHSE-

214 cells at 18°C without the presence of
actinomycin D. 48

5. Relationship of total viral RNA to total virus in
OSV infected CHSE-214 cells at 18°C. 49

6. Fluorescent antibody stained CHSE-214 cells four
hours after exposure to OSV at 18°C. 53

7. Fluorescent antibody stained CHSE-214 cells six
hours after exposure to OSV at 18°C. 53

8. Fluorescent antibody stained CHSE-214 cells not
exposed to OSV. 55

g. An electron micrograph of intact and distorted
virus particles. 60

10. An electron micrograph of intact and distorted
virus particles. 60

11. An electron micrograph of a thin section speci-
men of CHSE-214 cells 72 hours after exposure
to diluted OSV inoculum. 63

12. An electron micrograph of a thin section speci-
men of CHSE-214 cells 18 hours after exposure to
undiluted OSV inoculum (autointerfering conditions). 64



Figure Page

13. An electron micrograph of an OSV particle after
sedimentation in a CsC1 density gradient. 67

14. An electron micrograph of OSV particles which
spontaneously disrupted. 68

15. An electron micrograph of a thin section of CHSE-
214 cells 72 hours after exposure to diluted OSV
inoculum. 70

16. An electron micrograph of a thin section of CHSE-
214 cells 72 hours after exposure to diluted OSV
inoculum. 71

17. An electron micrograph of a thin section of CHSE-
214 cells which were not exposed to OSV. 72

18. An electron micrograph of a thin section of CHSE-
214 cells 72 hours after exposure to diluted OSV
inoculum. 73

19. Stability of the Oregon sockeye salmon virus in
dechlorinated-defluoridated water, pH 6. 8. 76

20. Stability of the Oregon sockeye salmon virus in
distilled water, pH 5.7. 77

21. Stability of the Oregon sockeye salmon virus in
Hank's balanced salt solution, pH 7.0. 78



THE OREGON SOCKEYE SALMON VIRUS (IHN):
A. REPLICATION AND AUTOINTERFERENCE

B. THE EFFECT OF TEMPERATURE
ON INFECTION IN KOKANEE SALMON

(Oncorhynchus nerka) AND
ON VIRUS STABILITY

INTRODUCTION

The Oregon sockeye salmon virus (OSV) was isolated in 1958

by J. L. Fryer -(14) from infected juvenile sockeye salmon

(Oncorhynchus nerka). Since that time, this laboratory has been

actively engaged in the characterization of this virus.

The research reported here extends the characterization of the

biological properties of this virus. The investigation included studies

of virus replication, autointerference, virus structure and structural

components, effects of temperature on in vivo infection and on virus

stability, and antigenic relationship to Egtved virus.
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LITERATURE REVIEW

Biochemical and biophysical investigations have determined

that OSV is a single-stranded RNA virus with a density of 1.16 gm/
3

cm in sucrose (33). Inactivation of the virus on exposure to 20%

ether indicated the presence of virus-associated essential lipids (52).

Negatively stained, fixed and unfixed OSV preparations have been

examined with the electron microscope. In the fixed preparations,

a bullet shaped particle approximately 91 to 98 nanometers (nm) in

diameter and 166 to 181 nm in length has been observed (2, 33). In

unfixed preparations, spherical to polyhedral shaped particles

approximately 92 to 145 nm in size were observed (33, 51). It is

thought that the results of the unfixed preparations reflect the fragile

nature of this virus. Based on the above evidence, OSV has been

tentatively placed in the Rhabdovirus group (2, 9, 33).

Rhabdoviruses have a bullet shaped profile, 65 to 75 nm in

diameter and 180 to 225 nm in length, and possess an envelope bear-

ing 10 nm surface projections.. They contain single-stranded RNA,

and the nucleocapsid exhibits helical symmetry (28). Members of

this group include rabies virus, vesicular stomatitis virus (VSV),

and hemorrhagic septicemia virus of rainbow trout (Egtved virus).

One aspect of the research reported here was to determine if

OSV possessed structural components and biological properties
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found in other members of the Rhadbovirus group.

Treatment of VSV (35) and rabies virus (45) by physical and

chemical means resulted in the disruption of the virus which clearly

revealed the helical nature of the nucleocapsid. Thin section electron

micrographs of Egtved virus infected cell cultures have revealed what

are considered to be helical nucleocapsids in cytoplasmic inclusions

(32, 54). Electron micrographs of negative stained OSV preparations

have demonstrated striations in the bullet shaped particles, as have

been observed in VSV, rabies virus, and Egtved virus, which may indi-

cate that OSV also has a helical nucleocapsid (33).

The autointerference phenomenon has been extensively investi-

gated in VSV (24). Serial undiluted or high multiplicity of infection

(MOI) virus passages were found to have a pronounced affect on virus

titer and particle morphology. The autointerfering property was found

to be associated with truncated, bullet shaped particles produced dur-

ing serial undiluted or high MOI virus passages (25). The titer of

infectious virus produced under these conditions was reduced (19). A

small number of these truncated, bullet shaped particles have been

observed in electron micrographs of OSV (33).

Electron microscope and/or fluorescent antibody investigations

have indicated that VSV (53), rabies virus (26), and Egtved virus (32)

develop in the cytoplasm of infected cells and that cytoplasmic inclu-

sions containing virus or viral products are present in infected cells.

Investigation of cytopathic changes in OSV infected cells by phase

microscopy indicated that most of the changes attributed to the virus

were associated with the nucleus. The nuclear membrane thickened;
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the nucleoli became more dense; and the chromatin material became

coarse and granular in OSV infected cells (51). No nuclear or cyto-

plasmic inclusions were evident.

In vivo host range determinations in salmonids using water

route exposure have indicated that only fingerling kokanee salmon,

the fresh water strain of sockeye salmon (Oncorhynchus nerka), are

susceptible to OSV infection (51). Other investigators have found

fingerling rainbow trout (Salmo gairdneri) susceptible to OSV when

exposed by intraperitoneal injection (36).

Infectious hematopoietic necrosis (IHN) virus, a bullet shaped

virus (2), was isolated from infected sockeye salmon and rainbow trout

in 1967 (3). Extensive in vivo and in vitro experimentation has indi-

cated that OSV and IHN have numerous physical, chemical, pathologic,

and cytopathic similarities. Recent examination for antigenic relation-

ship indicated that these two viruses were antigenically indistinguish-

able when examined using the plaque neutralization technique with homo-

logous and heterologous antisera (34). Neutralization and fluorescent

antibody studies have shown that no close serological relationship could

be demonstrated between IHN virus and Egtved virus (29).

Investigation of OSV replication using established salmonid

cell lines has indicated that temperature greatly influences the rate

of OSV replication. Optimum OSV replication in vitro occurred

between 13o and 18oC; no new virus was produced at 23oC
(52).

In vivo experimentation with IHN virus has indicated that the

thermal environment of infected fish can significantly alter the degree

of mortality during an experimental infection. Holding virus infected
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fish at 20 oC for 4 to 6 days within 24 hours after exposure resulted

in decreased mortality (1). The thermal environment was also found

to affect the degree of mortality in fish infected with sockeye salmon

virus (49), later designated Columbia River sockeye disease (CRSD)

virus (36). Further investigations of this virus were not possible

because the virus was lost in storage.
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MATERIALS AND METHODS

Salmonid Cell Lines

Salmonid cell lines CHSE-214 and STE-137 were used for

propagation and infectivity assays of Oregon sockeye salmon virus (OSV)

and Egtved virus, respectively. Cell line CHSE-214 was derived

from embryos of chinook salmon (Oncorhynchus tshawytscha) in

October, 1964. Cell line STE- 137 was derived from embryos of

steelhead trout (Salmo gairdneri) in June, 1963. Cultures of these

salmonid tissues were initiated by the method of Fryer, et al. (15).

To date, CHSE-214 has been transferred 112 times, and STE-137

has been transferred 138 times.

Maintenance of Stock Cell Cultures

Stock cell cultures were propagated at 18°C C n 32 oz. prescrip-

tion bottles sealed with white latex stoppers (West Co. ). Monolayer

cultures were transferred at 21 to 28 day intervals using the method

described by McCain (33). Cell culture growth medium was changed

every seven days.

Stock cell cultures were checked for sterility by inoculating

one milliliter (ml) of cell suspension into 10 ml of Fluid Thiogly-

collate Medium (Baltimore Biological Laboratory (BBL))and
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Mycoplasma Broth (Pfizer and Co. . Sterility checks were incubated

at 37 oC for two weeks.

Cell Culture and Virus Propagation Media

Both CHSE-214 and STE-137 were maintained in Eagle's

minimum essential medium (MEM) (12) prepared with Hank's bal-

anced salt solution and sterile MEM components (Microbiological

Associates). Complete cell culture growth medium contained 10%

fetal bovine serum (Flow Laboratories, Inc. ), penicillin (100 units/

ml), and streptomycin (100 µg /ml). Growth medium will be referred

to as MEM-10% FBS.

Virus propagation medium was identical to complete cell cul-

ture growth medium with the exception that the virus medium con-

tained only 5% fetal bovine serum. Virus propagation medium will

be referred to as MEM-5% FBS.

Viruses

Oregon Sockeye Salmon Virus (OSV)

The Oregon sockeye salmon virus (OSV) was isolated in 1958

by J. L. Fryer during a natural epizootic among young sockeye

salmon at the Willamette River hatchery in Oregon (14). Since the

time of isolation, this virus has been propagated in salmonid cell
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cultures. Comparative cross-plaque neutralization studies by

McCain (34) indicate that OSV appears to be identical to infectious

hematopoietic necrosis (IHN) virus isolated from young sockeye

salmon by Amend (3). Throughout the experiments reported here,

OSV was propagated in the CHSE-214 cell line. Virus stocks were

preserved by freezing at -60o
C.

Egtved Virus

A sample of Egtved virus was kindly supplied by the Eastern

Fish Disease Laboratory, Kearneysville, West Virginia. The

sample was received by this laboratory in August, 1971, and immedi-

ately placed at -60°C. Throughout the experiments reported here,

Egtved virus was propagated in the STE-137 cell line.

Virus Propagation

Both OSV and Egtved virus stock were prepared in the following

manner. A vial of stock virus was removed from the -60 oC freezer

and diluted 1/1000 in MEM-5% FBS. A 4 ml aliquot of the diluted

virus was added to a 14 day old monolayer of the appropriate cell

line in a 32 oz. prescription bottle from which the growth medium

had been removed. The exposed monolayer was incubated at 18°C

for 2 hours. During this period allowed for virus adsorption, the

virus containing medium was distributed over the monolayer by
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gentle rocking every 15 minutes. At the end of this 2 hour period, 50 ml

of MEM-5% FBS was added. The virus infected monolayer was

incubated at 18oC for 96 hours. At the end of this interval, the virus

containing medium was removed and centrifuged at 2, 200 x g for 30

minutes in the International Model UV centrifuge to remove cell

debris. The supernatant was dispensed into sterile pyrex tubes,

sealed with white latex stoppers, and frozen at -60°C. The stock

virus was sterility tested using Fluid Thioglycollate Medium and

Mycoplasma Broth as previously described. The infectivity titer of

the stock virus was determined after freezing at -60 oC using the

monolayer plaque assay technique.

Monolayer Plaque Assay Technique

All infectivity determinations for both OSV and Egtved virus

were made using the monolayer plaque assay technique. OSV was

assayed in the CHSE-214 cell line, and Egtved virus was assayed in

the STE-137 cell line. Ten to fourteen days prior to performing a

plaque assay, the appropriate cell line was seeded in 2 oz. prescrip-

tion bottles. Each bottle received 5 ml of cell suspension with a

concentration of 4 x 105 and 6 x 105 cells/ml for CHSE-214 and

STE-137, respectively. The cell cultures were incubated at 18°C.

The growth medium, MEM-10% FBS, was changed every 5 to 6 days.

A plaque assay was performed in the following manner.
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Cultures in 2 oz. prescription bottles were surveyed under the light

microscope to insure that the monolayers were complete. The mono-

layers were then rinsed once with 3 ml of MEM-5% FBS. Appropri-

ate dilutions of the virus containing sample were made using MEM-

5% FBS. For each virus dilution assayed, three bottles were

inoculated using a volume of 0.3 ml per bottle. The inoculated

bottles were then placed at 18oC for 2 hours to allow for adsorption

of the virus. During this 2 hour period, the virus containing medium

was distributed over the monolayers by gentle rocking of the bottles

every 15 minutes. At the end of this period, the bottles were placed

at 15 oC, and a nutrient agar overlay added.

The nutrient agar overlay consisted of 2X complete MEM con-

taining 10% fetal bovine serum warmed to 47 oC mixed with an equal

volume of sterile, melted 1. 5% Ionagar (Co lab Laboratories, Inc. )

in glass double distilled water cooled to 47o
C. Five ml of the nutrient

agar overlay was added to each bottle. After the agar solidified, the

bottles were inverted and incubated at 18o
C.

OSV plaques developed in three days; Egtved virus plaques

developed in two days.

After the appropriate incubation period, a second agar overlay

was added to the original overlay in each bottle. The agar overlay

mixture was prepared as described above, but contained no serum.

Neutral red, sterile in glass double distilled water, was incorporated
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in the second agar overlay mixture at a concentration of 50 µg /ml.

After the overlay solidified, the bottles were inverted and incubated

at 18°C in the dark (17). At one and two days after the addition of

the neutral red overlay, bottles containing between 30 and 300

plaques were counted. The plaque counts for each set of three

bottles were averaged, and the titer in plaque forming units (pfu)

per ml was calculated.

Immunological Techniques

Rabbit immune sera were prepared against OSV and Egtved

virus. Using these sera, the antigenic relationship between OSV

and Egtved virus was investigated. The development of OSV in the

CHSE-214 cell line was investigated using OSV immune serum and

fluorescent antibody techniques.

Preparation of Rabbit Immune Serum

OSV and Egtved virus were propagated as previously described.

Each virus was concentrated and partially purified by low and high

speed differential centrifugation. Stock virus was first centrifuged

at 2, 200 x g for 30 minutes in the International Model UV centrifuge.

The low speed cycle was followed by high speed centrifugation at

55, 000 x g for 60 minutes in the Spinco Model L ultracentrifuge.

Virus pellets were suspended to 1/100 of their original volume in
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MEM-5% FBS, dispensed in desired quantities, and frozen at -60°C.

Concentrated virus was titered to insure that the titer of the concen-

trate was in excess of 1 x 109 pfu per ml.

Two rabbits for each virus were injected according to the

following schedule. For the first injection series, each rabbit was

injected intravenously with one ml of undiluted virus concentrate and

intramuscularly with two pne ml injections of a sterile emulsion

consisting of equal volumes of virus concentrate and Complete

Freund's adjuvant (Difco). The emulsion was formed by mixing the

virus concentrate and adjuvant on a vortex mixer. Stability of the

emulsion was tested by storage at 4oC for 30 minutes. If the emul-

sion had not separated in this time interval, it was considered

formed.

At two and four weeks after the first series of injections, each

rabbit was injected with two one ml intramuscular injections pre-

pared as described above.

Rabbits were bled at 10 and 17 days after the last injection.

Blood was collected from the marginal ear vein into sterile 50 ml

conical centrifuge tubes. Separation, sterilization, and storage

of the serum was performed as described by McCain 133).

Immediately before each neutralization test, a sample of

serum was heated at 56°C for 30 minutes. Normal rabbit serum was

treated in the same manner.
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The rabbit immune sera were tested for virus-neutralizing

activity using homologous virus. The antigenic relationship between

OSV and Egtved virus was investigated using the cross-plaque

neutralization test.

Cross-Plaque Neutralization Test

Each antiserum was tested for virus-neutralizing activity

against homologous and heterologous virus. All virus and antisera

dilutions were made using MEM-5% FBS. Standardized stock virus

was diluted to contain 100 pfu /0. 15 ml. Five two fold antiserum

dilutions were made which were known to cause between 0 an 100%

plaque neutralization of the homologous virus. Normal rabbit serum

was used as a control. The dilution of the normal rabbit serum was

the same as the lowest dilution of the antiserum being tested (1/100).

Equal volumes of diluted virus stock and diluted antiserum were

mixed and incubated at 180C for one hour. At the end of this time

interval, each virus-antibody mixture was assayed for unneutralized

virus using the monolayer plaque assay technique previously des-

cribed. The percent plaque neutralization for each antiserum

dilution was calculated as described by McCain (33).

Fluorescent Antibody

Direct and indirect fluorescent antibody staining procedures
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were used to investigate the development of OSV in the CHSE-214

cell line. OSV rabbit antiserum was prepared using partially puri-

fied concentrates of OSV propagated in the CHSE-214 cell line as

previously described.

Preparation of Fluorescein Conjugated Serum Globulins. Direct

fluorescent antibody staining was performed using OSV rabbit anti-

serum which had been conjugated with fluorescein isothiocyanate

(FITC) (Nutritional Biochemicals Corp. ).

Before conjugation with FITC, the OSV rabbit antiserum was

absorbed with CHSE-214 cells. CHSE-214 cell monolayers in 32 oz.

prescription bottles were scraped from the glass surface by means

of a rubber policeman. The cells were washed three times in MEM

containing no serum and pelleted by centrifugation at 2, 200 x g for

15 minutes in the International Model UV centrifuge. The cells

were counted in a hemocytometer, centrifuged as above, and resus-

pended in OSV rabbit antiserum at 107 cells/ml. The cell-antiserum

mixture was incubated at 37 oC for 2 hours. The cell material was

removed by centrifugation at 2, 200 x g for 15 minutes as above.

The antiserum was absorbed a second time with the same amount of

cells at 4oC overnight. The antiserum was clarified by centrifuga-

tion at 27, 000 x g for 30 minutes in the Sorvall RC-2B centrifuge
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(Ivan Sorvall, Inc. ) (27). The conjugation procedure was then per-

formed in the following manner.

An aliquot of undiluted, absorbed OSV antiserum was chilled

to 4o
C. The serum globulins were precipitated by the dropwise

addition of an equal volume of saturated ammonium sulfate. The

preparation was gently mixed throughout this procedure. After stand-

ing overnight at 4oC, the preparation was centrifuged at 9, 500 x g

for 15 minutes at 0°C in the Sorvall RC-2B centrifuge. The super-

natant was discarded, and the pellet gently resuspended in 0. 85%

NaCl which was adjusted to pH 8.0 by dropwise addition of 30%

aqueous Tris buffer. To remove residual ammonium sulfate, the

preparation was dialyzed at 4°C for 8 hours against 2 changes of

0. 85% NaC1, pH 8.0, and overhight at 4°C against 0.85% NaC1, pH

8.0. To test for the presence of sulfate ions, an aliquot of 0.5 M

barium chloride (BaC12) was added to an equal volume of dialysate.

If the mixture did not become cloudy or opalescent, the globulin pre-

paration was considered to be free of sulfate (7).

The protein content of the globulin preparation was determined

by spectrophotometric measurement of turbidity following precipita-

tion with sulfosalicylic acid (13). Dilutions of the globulin prepara-

tion were made using 0.85% NaCl, pH 8.0. A 4 ml volume of 2. 5%

sulfosalicylic acid was added to one ml of diluted globulin. After

10 minutes at 25 oC, the turbidity was measured at a wavelength of
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600 nm withtheSpectronic 20 (Bausch and Lomb, Inc. ). Control

preparations, processed as above, included a 0.85% NaC1, pH 8. 0,

diluent blank and known concentrations of bovine serum albumin

diluted in 0. 85% NaCl, pH 8. 0.

The globulin was conjugated with FITC in the following manner.

FITC (15 mg/ 1000 mg of protein) (46) was dissolved at 4°C in 0. 5 M

sodium carbonate buffer, pH 9. 5, containing 0. 85% NaCl. The vol-

ume of the buffer was 1/10 the volume of the globulin sample. The

globulin preparation was chilled to 4oC, and dissolved FITC added

with gentle stirring. The preparation was allowed to react at 9 oC

for 4 hours or at 4oC overnight. The preparation was freed of

unreacted FITC by passage through a 1. 5 cm by 22.0 cm. G-50

Sephadex column at 4°C equilibrated with 0.01 M sodium phosphate

buffer, pH 7.0, containing 0.85% NaCl (PBS). The conjugated globu-

lin was eluted with PBS and stored undiluted at 4o C. Merthiolate

(1/1000) was added to the conjugated globulin to give a final concen-

tration of 1/10, 000.

Preparation of Virus Infected Specimens. CHSE-214 cells in

MEM-10% FBS were seeded at 4 x 105 cells/ml into Leighton tubes

containing a 10.5 mm by 35 mm, No. 1 coverslip. One ml of cell

suspension was added to each Leighton tube. After 3 days incubation
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at 18oC, the cells were exposed at 18oC to one ml of OSV stock in

MEM-5% FBS with a titer of 1. 57 x 107 pfu/ml. Tubes of

control and virus exposed cells were withdrawn at 2, 4, 6, 8,

and 10 hours after virus exposure. The cells were fixed immedi-

ately in acetone at 25 oC for 15 minutes. After drying, the

coverslips were placed in dust free containers.

Direct Fluorescent Antibody Staining Procedure. Fixed cell

preparations were covered with conjugated OSV antiserum diluted

1/5 with PBS. The specimens were incubated at 37°C for 40 minutes

in a moist chamber. After incubation, the specimens were washed

in PBS for 30 minutes with gentle, intermittent agitation. The PBS

was changed every 15 minutes. The coverslips were removed from

the PBS wash and air dried. The dried cover slips were mounted

with FA Mounting Fluid (Difco), sealed with colorless nailpolish

(Cutex), and examined with the Leitz-Wetzlar fluorescence micro-

scope (E. Leitz, Inc. ) using a 2 mm deep blue filter.

Indirect Fluorescent Antibody Staining Procedure. Fixed

cell preparations were covered with OSV rabbit antiserum diluted

1/2 with PBS. The OSV antiserum used in this procedure was

prepared using partially purified concentrates of OSV propagated

in the S-30 cell line (33). The specimens were incubated at 37 oC

for 40 minutes in a moist chamber. After incubation, the
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specimens were washed for 15 minutes in PBS and air dried. The

specimens were then covered with FITC conjugated sheep anti-

rabbit globulin serum (Sylvania) diluted 1/25 with PBS. The speci-

mens were incubated, washed, mounted, and examined as described

in the Direct Fluorescent Antibody Staining Procedure above.

Photography of Fluorescent Antibody Treated Specimens.

Photographs of fluorescent antibody treated specimens were made

with Tri-X Pan Film (Eastman Kodak Co. ) using a Leica, 35 mm

camera (E. Leitz, Inc. ) with a deep yellow filter.

Adsorption of OSV to the CHSE-214 Cell Line

Fourteen day old CHSE-214 monolayers in 2 oz. prescription

bottles were exposed to OSV at a multiplicity of infection of 5 (ratio

of pfu to cells exposed to virus) in one ml of virus inoculum. Virus

was suspended in MEM-5% FBS, pH 7.0. The virus inoculum was

distributed over the monolayer by gentle rocking every 15 minutes

for 2 hours at 18oC. A sample bottle was withdrawn at 15 minute

intervals after introducing the virus inoculum. The virus inoculum

was removed and assayed for remaining free infectious virus using

the monolayer plaque assay technique.
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Single-Cycle Growth Curve of OSV
in the CHSE-214 Cell Line

The replication of infectious OSV was investigated by monitor-

ing the increase in free and total infectious virus with time. CHSE-

214 monolayers in 2 oz. prescription bottles were exposed to a

multiplicity of infection of 4.4 using 0.5 ml of concentrated OSV

suspended in MEM -0. 1% bovine serum albumin (BSA). The exposed

monolayers were placed at 18 oC for one hour to allow for virus

adsorption. The virus containing medium was distributed over the

monolayers every 15 minutes by gentle rocking of the bottles. After

the adsorption period, the virus inoculum was removed, and the

bottles rinsed twice with MEM-containing no serum. The monolayers

were then treated at 18oC for one hour with 3 ml of a 1/100 dilution

of Sacramento River chinook disease virus antiserum which has been

shown to neutralize OSV (34). The monolayers were treated with anti-

serum to neutralize any residual virus. The monolayers were then

rinsed twice with MEM-containing no serum. A 5 ml volume of

MEM -0. 4% BSA was then added, and the exposed monolayers incu-

bated at 18o
C.

Sample bottles were withdrawn in duplicate beginning at 4 hours

after exposure and every 4 hours thereafter through a 48 hour period.

Duplicate samples were also taken at 72 and 96 hours after exposure.
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Samples were withdrawn to assay for both free virus and total virus.

To assay for free virus, the medium from duplicate bottles

was pooled, then centrifuged at 2, 200 x g for 15 minutes in the

International Model UV centrifuge. The supernatant was then divided

into two equal aliquots and frozen at -60°C. The samples were

assayed for free infectious virus using the monolayer plaque assay

technique.

To assay for total virus, the monolayer and medium from

duplicate bottles were sampled. To strip the cell monolayer from

the glass surface, 12 sterile glass beads were added to each 2 oz.

prescription bottle and gently rotated over the glass surface. The

cell-medium suspension was then removed and pooled. The bottles

and beads were rinsed with a total of 5 ml of MEM-0. 4% BSA. The

rinse was added to the original suspension which was then divided

into two equal aliquots and frozen at -60o C. To assay for total

infectious virus, rapidly thawed samples were placed in a chilled,

sterile VirTis homogenizing cup (The VirTis Company, Inc. ) in an

ice bath and homogenized for one minute at 23,000 RPM. The homo-

genized samples were removed to chilled, sterile centrifuge tubes

and centrifuged at 2, 200 x g for 15 minutes in the International

Model UV centrifuge. The supernatant was assayed for total infec-

tious virus using the monolayer plaque assay technique.
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RNA Synthesis in OSV Infected CHSE-214 Cells

Total viral RNA synthesis in OSV infected CHSE-214 cells was

investigated by monitoring the incorporation of uridine-5- 3 intonto

acid-precipitable RNA.

Seven day old CHSE-214 monolayers in 2 oz. prescription

bottles were treated for 5 hours prior to infection with 5 ml of MEM-

5% FBS containing 5 1.1,g/m1 Actinomycin D (A grade, Calbiochem).

The monolayers were then exposed to OSV at a MO' of 5 in 0.5 ml

virus inoculum containing 5 p.g/ml actinomycin D and 5 p.c/m1

Uridine-5- 3H (28 c/mmole, Schwarz/Mann). The virus was allowed

to adsorb for 30 minutes. During this period, the virus inoculum

was distributed over the monolayer every 10 minutes by gentle rock-

ing. After the adsorption period, the virus inoculum was removed,

and 5 ml of MEM-5% FBS containing 5 fig/m1 actinomycin D and 5

c/ml uridine-5- 3H was added to each bottle. Sample bottles were

withdrawn at 3 hour intervals from 8 hours through 20 hours and at

26 hours after virus exposure and assayed for uridine-5- 3 incor-

poration

ncor-

poration as described below.

Three types of control preparations were made: (1) cell

monolayers which were actinomycin D treated but were not exposed

to the virus, (2) cell monolayers which were not actinomycin D

treated and were not exposed to the virus, and (3) cell monolayers
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which were not actinomycin D treated but were exposed to the virus.

Control preparations were handled and incubated within these guide-

lines in MEM-5% FBS containing uridine-5- 3H as described above.

Control preparations were sampled at the intervals indicated above.

All preparations were handled in the dark and incubated at

18°C in the dark. All media preparations and all reagents used in

the sampling and assay procedures were filtered through a 0.45

micron membrane filter to insure the removal of fine particulate

matter which might bind the radioactive uridine.

Preparations were sampled at the desired intervals in the

following manner. The cell monolayer was stripped from the glass

surface by gently rocking 12 to 15 glass beads over the monolayer.

The cell-medium suspension was then removed to a chilled one-by-

three inch polycarbonate centrifuge tube. The glass surface and

beads were rinsed with a total of 2.5 ml of ice cold, double distilled

water which was then added to the cell-medium suspension. The

samples were then centrifuged at 77,000 x g for 20 minutes at 0o
C

in the Spinco Model L ultracentrifuge. The supernatant was dis-

carded, and the pellet and polycarbonate tube rinsed with one ml of

ice cold, double distilled water which was discarded. A two ml

volume of 0.01 M Tris buffer, pH 7.4, containing 0.001 M EDTA,

0.1 M NaCl, 0. 1% polyvinyl sulfate (Eastman Kodak, Co. ), and 1%

sodium lauryl sulfate (Sigma Chemical Co. ) was added to the
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polycarbonate tube (50). The pellet was disrupted by 20 cycles of

trituration through a pipette. A 0.9 ml aliquot of the sample was

placed in an ice bath in a chilled 13 x 100 mm pyrex tube and was

mixed with 0.1 ml of ice cold, 100% trichloracetic acid (TCA)

(Mallinckrodt Chemical Works). After 15 minutes in the ice bath,

the sample and two three ml tube rinses were collected on a 25 mm

autoclaved prefilter pad (Millipore Corp. ) under vacuum. The pre-

filter pad was then rinsed under vacuum with 20 ml of ice cold,

10% TCA and 5 ml of ice cold, 95% ethanol. After drying, the pre-

filter pad was immersed in 10 ml of Aquasol universal liquid scintil-

lation counting cocktail (New England Nuclear) in a Packard scintilla-

tion vial (Packard Instrument Co., Inc. ).

Radioactivity measurements were made using the Nuclear-

Chicago Mark I Liquid Scintillation Computer System (Nuclear-

Chicago, Corp. ). Background radioactivity was determined by count-

ing a prefilter pad on which a sham sample had been collected and

processed as above. Samples were counted for ten minutes except

in cases where a high level of activity caused the liquid scintillation

computer to cease operation after the accumulation of one million

counts.

Demonstration of the Autointerference Phenomenon with OSV

To demonstrate the autointerference phenomenon with OSV, a
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comparison was made between the virus titer attained with serial

passage using diluted and undiluted virus inoculum (19).

The undiluted passage series was initiated by exposing a 14 day

old CHSE-214 monolayer in a 32 oz. prescription bottle to 4 ml of

undiluted virus stock which had a titer of 1.57 x 107 pfu/ml. The

monolayer was exposed to a multiplicity of infection of 1. 2 (MOI=1. 2).

The diluted passage series was initiated by exposing a 14 day

old CHSE-214 monolayer in a 32 oz. prescription bottle to 4 ml of a

1/1000 dilution of stock virus which had a titer of 1.57 x 107 pfu/ml

(MOI=0. 0012). Stock virus was diluted with MEM-5% FBS.

In both series the virus inoculum was allowed to adsorb for 2

hours at 18oC with the inoculum distributed over the monolayer every

15 minutes by gentle rocking. After the adsorption period, the virus

inoculum was removed, and 50 ml of MEM-5% FBS was added to each

bottle. The infected monolayers were incubated at 18 oC for 96 hours.

At the end of the 96 hour period, the virus containing fluid was

removed and centrifuged at 2, 200 x g for 15 minutes in the Interna-

tional Model UV centrifuge. The virus containing supernatant was

then removed to a sterile 100 ml bottle. An aliquot from each serial

passage was immediately assayed for infectious virus using the

monolayer plaque assay technique. A second aliquot was used to

initiate the next serial passage as described above. The remaining

supernatant was frozen at -60o
C.
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Electron Microscopy

The electron microscope was used to examine negative stained

and thin section specimens of OSV. Three aspects of OSV were

studied: (1) morphology of virus particles produced using diluted

virus inoculum and undiluted virus inoculum (autointerfering condi-

tions), (2) examination of viral structural components, and (3)

investigation of viral development in tissue culture. Numerous pro-

cedures were employed to effect the preparation of these specimens.

These procedures will be elaborated under two headings: (1) prepara-

tion of negative stained OSV specimens and (2) preparation of thin

section OSV specimens.

Preparation of Negative Stained OSV Specimens

Virus Propagation. Virus was prepared as described in

Demonstration of Autointerference Phenomenon with OSV. Diluted

virus passage was used for particle morphology and structural

component specimens. Undiluted virus passage was used particle

morphology under autointerfering conditions specimens. The

second serial passage of both diluted and undiluted virus was used

for electron microscopy. Virus was stored at -60 oC until used.

Particle Purification. Purification procedures were identical

for both diluted and undiluted passage virus samples. Purification
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procedures included differential centrifugation, enzyme treatment,

and density gradient centrifugation.

Virus samples were removed from the -60oC freezer and

thawed. A concentrated solution (10X) containing Tris buffer, EDTA,

and bovine serum albumin (BSA) was added to the thawed virus

sample to give a final concentration of 0.05 M Tris buffer, 0.025 M

EDTA, and 0. 4% BSA at pH 7.4. The virus samples were then

centrifuged at 2, 200 x g for 30 minutes in the International Model

UV centrifuge (low speed centrifugation). The supernatant was

removed to one-by-three inch polycarbonate centrifuge tubes and

centrifuged at 55, 000 x g for 60 minutes in the Spinco Model L ultra-

centrifuge (high speed centrifugation). The resulting pellets were

resuspended to 1. 0% of their original volume in 0.05 M Tris buffer,

pH 7.4, containing 0. 1% BSA, 0.001 M MgC1
2'

and 20 pg/m1

chymotrypsin (Nutritional Biochemicals Corp. ) and incubated at

25
oC for 30 minutes. At the end of this incubation period, the pre-

paration was again subjected to high speed centrifugation for 60

minutes. The resulting pellet was resuspended to 1. 0% of the original

volume in 0.05 M Tris buffer, pH 7.4, containing 0. 1% BSA, 0.001 M

MgC12, 20 Fig/mi. RNase (Bovine Pancreas, 5X crystallized, Mann

Research Laboratories, Inc. ), and 20 pg/m1 DNase 1, 65, 000

(Bovine Pancreas, precrystalline, Nutritional Biochemicals Corp. ).

The resuspended pellet was then incubated at 25oC for 30 minutes.
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After incubation, the preparation was subjected to high speed

centrifugation for 60 minutes. The resulting pellet was resuspended

in 2 ml of 0.05 M Tris buffer, pH 7.4, containing 0.025 M EDTA

and 0. 1% BSA. Virus samples prepared in this manner will be

referred to as partially purified virus.

Partially purified virus samples were further treated by

physical and chemical means to effect the separation of virus particles

produced using diluted and undiluted virus inoculum and to disrupt

particles into structural components.

Virus particles produced using diluted and undiluted virus

inoculum were separated by rate zonal centrifugation in linear 15 to

55% sucrose denisty gradients containing 0.025 M EDTA and 0.1%

BSA. A 2.0 ml aliquot of partially purified virus was layered over

a 20 ml gradient prepared using the Buchler Density Gradient

Sedimentation System (Buchler Instruments, Inc. ). After centrifuga-

tion for 2 hours at 60,000 x g in the Spinco Model L ultracentrifuge,

visible bands were present. These were withdrawn separately from

the top of the tube with a needle and syringe. The sample bands

obtained were further treated by dialysis or by dilution to reduce the

sucrose concentration, as outlined below.

The dialysis procedure consisted of placing the sample bands

from the sucrose gradient into dialysis tubing which had been treated

by boiling three times in 0.025 M EDTA (21). The samples in
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dialysis tubing were then placed in 0.05 M Tris buffer, pH 7.4,

containing 0.13 M NaC1 and 30% sucrose. The samples were dialyzed

for 10 hours against a decreasing concentration of sucrose by the

addition of 0.05 M Tris buffer, pH 7.4, containing 0.13 M NaC1 as

diluent to the 30% sucrose solution. Following dialysis, the samples

were concentrated to 0.2 ml by dialysis against 30% Polyethylene

Glycol 4000 (J. T. Baker Chemical Co. ), and then prepared for the

electron microscope.

In the dilution procedure, the samples representing separate

bands from the sucrose gradient were brought to a volume of 20 ml

by the addition of 0.05 M Tris buffer, pH 7.4, containing 0.025 M

EDTA and 0. 1% BSA (TEB buffer). Samples were then centrifuged

at 80,000 x g for 60 minutes in the Spinco Model L ultracentrifuge.

Following centrifugation, the supernatant was discarded, and the

centrifuge tube gently rinsed with 5 ml of TEB buffer. The pellet

was then loosened, resuspended in 0. 2 ml TEB buffer, and prepared

for the electron microscope.

Partially purified virus was disrupted into components by

treatment with 2% sodium deoxycholate (DOC) (45) or by sedimenta-

tion in linear 10 to 50% cesium chloride (CaCI) density gradients (35).

DOC treatment consisted of adding 1.0 ml of 2% DOC to 1.0 ml

of partially purified virus. The mixture was placed at 4°C for 2

minutes followed by centrifugation for 2 hours at 60,000 x g in a 20
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ml linear 15 to 55% sucrose density gradient. Samples were removed,

dialyzed, concentrated, and prepared for electron microscopy as

described above.

Sedimentation in cesium chloride was also used to disrupt the

virus into structural components. A 0.5 ml aliquot of partially

purified virus was layered over a preformed 4.5 ml linear 10 to 50%

cesium chloride density gradient containing 0.05 M Tris buffer,

pH 7.4, and centrifuged at 100,000 x g for 3.5 hours. Sample bands

were dialyzed for 9 hours against 0.05 M Tris buffer, pH 7.4, con-

taining 0.13 M NaCl. The dialyzed samples were concentrated at

0.2 ml by dialysis against 30% polyethylene glycol and prepared for

electron microscopy.

Preparation of Negative Stained Specimens. All negative

stained specimens for the electron microscope were prepared in the

following manner. An aliquot of the specimen was fixed at 4oC for

20 minutes by adding an equal volume of one percent glutaraldehyde

(Electron Microscope Sciences). A drop of the fixed specimen was

placed on a carbon, Formvar coated 300 mesh copper grid, and

allowed to remain for 5 minutes. The excess fluid was removed with

filter paper. The specimen was then stained for 5 seconds with one

percent phosphotungstic acid, pH 6.8, and the excess fluid removed

with filter paper. The negative stained preparations were then

examined with the Philips EM300 transmission electron microscope
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at 60 kV with direct magnification of 50,000 to 65,000.

Preparation of Thin Section OSV Specimens

Virus Propagation Undiluted Virus Inoculum. Fifteen day old

CHSE-214 monolayers in 32 oz. prescription bottles were exposed

at 18°C to 15 ml of OSV stock (MOI=5) for 17 hours. At the end of

this time interval, the virus inoculum was removed, and the mono-

layer washed twice with 10 ml of 0.125 M sodium phosphate buffer,

pH 7.0 (Phosphate buffer). The monolayer was then fixed for 3

hours at 18°C with 20 ml of 4% glutaraldehyde in Phosphate buffer.

After fixation the monolayers were washed twice with 10 ml of

Phosphate buffer, removed from the glass surface with a rubber

policeman, and suspended in 10 ml of Phosphate buffer. The speci-

men was then further processed as described below before cutting

into thin sections. Control and virus exposed specimens were

treated in the same manner.

Virus Propagation --Diluted Virus Inoculum. Fifteen day old

CHSE-214 monolayers in 32 oz. prescription bottles were exposed

at 18°C to 15 ml of a 1/1000 dilution of OSV stock (MOI =O. 005).

Sample monolayers were withdrawn at 24, 48, and 72 hours after

exposure and fixed with 4% glutaraldehyde as indicated above. The

specimens were further processed as described below before cutting
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into thin sections. Control and virus exposed specimens were

treated in the same manner,

Preparation of Specimens for Cutting into Thin Sections. Fixed

monolayers exposed to diluted and undiluted virus inoculum were

prepared by the method of Soeldner (43). Fixed specimens, sus-

pended in Phosphate buffer, were centrifuged at 2, 200 x g for 10

minutes in the International Model UV centrifuge. The fixed-cell

pellet was removed and embedded in 2% aqueous Ionagar (Co lab

Laboratories, Inc. ). After the agar solidified, the samples were

diced into 1 to 2 millimeter cubes, and suspended in Phosphate

buffer. The samples were then stained at 3°C for 4 hours by the

addition of an equal volume of 2% osmic acid (Stephens Metallurgical

Corp, ) in Phosphate buffer. After staining with osmic acid, the

samples were dehydrated and stained as indicated in Table 1. The

samples were then infiltrated with Bojax Plastic Mixture in acetone

(2:1) at 25°C for 24 hours followed by embedding in Bojax Plastic

(see Appendix A). Embedded samples were cured at 40 oC for 3

hours and then at 70 oC for 18 hours. Cured samples were cooled

at 25oC, trimmed, and thin sectioned (4 to 800 A) using the Porter

Blum Model MT-1 Ultra-Microtome (Ivan Sorvall, Inc. ). The thin

sections were stained with alkaline Reynolds lead citrate (16) for

10 minutes at 25 oC and examined with the Philips EM300
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transmission electron microscope at 60 kV with direct magnification

of 4,900 to 50,000.

Table 1. Dehydration and staining of osmic acid stained samples.

Dehydration: 30% acetone, 3oC for 10 minutes

50% acetone, 3oC for 10 minutes

70% acetone, 3oC for 10 minutes

Staining: 70% acetone + saturated uranyl acetate, 3 oC for
18 hours

Dehydration: 100% acetone, 3 oC for 10 minutes

100% acetone, 3°C for 10 minutes

100% acetone, 3oC for 10 minutes

Thermal Stability of the Oregon Sockeye Salmon Virus

The thermal stability of OSV was investigated in three aqueous

environments: (1) dechlorinated-defluoridated water, pH 6.8, from

the Corvallis, Oregon, municipal supply as used in determining the

effect of temperature on in vivo OSV infection, (2) Hank's balanced

salt solution adjusted to pH 7.0 by dropwise addition of aqueous 30%

Tris buffer (Sigma Chemical Co. ), and (3) distilled water, pH 5.7.

Stock OSV was added to give approximately 1.9 x 105 pfu/ml.

Immediately after the addition of stock virus, aliquots of each solu-

tion were placed at the test temperatures. The thermal stability

of OSV was determined at 3.90, 12. 20, and 20,6 o
C. Every 24 or
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48 hours, a sample was withdrawn from each solution at each temp-

erature and titered for remaining infectious virus by the monolayer

plaque assay technique.

Effect of Temperature on In Vivo OSV Infection

The effect of temperature on in vivo OSV infection was investi-

gated by exposing fish held at desired temperatures to a standardized

quantity of OSV in the aquarium water and monitoring the variation in

percent mortality with temperature.

Virus Used in In Vivo Experiments

Stock OSV was prepared, standardized, and stored as previ-

ously described. Stock virus was diluted to the desired concentra-

tion with MEM-5% FBS. Control fish were exposed to standardized

virus stock which had been heat inactivated by treatment at 60°C for

30 minutes, or to tissue culture medium (MEM-5% FBS) used to

dilute the stock virus.

Procedure for In Vivo Experiments

Fish used in these experiments were fingerling kokanee salmon,

Oncorhynchus nerka. The fish ranged in size from 0.1 to 2. 9 grams.

The fish were obtained from Wizard Falls fish hatchery, Camp

Sherman, Oregon, and from Klamath fish hatchery, Chiloquin,
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Oregon, and transported to the laboratory. During transit the

temperature of the water was maintained as close as possible to that

of the hatchery water. While in transit and throughout the experi-

ments, all fish were exposed to water containing two parts per mil-

lion (ppm) oxytetracycline HC1 (Pfizer and Co., Inc.). This was

done to minimize mortality resulting from pathogenic microorgan-

isms activated by the rigors of transit and handling.

On arrival from the hatchery, the fish were distributed among

one gallon glass aquaria containing water at a temperature within

1. 1oC (2
oF) of the hatchery water. The number of fish per aquarium

varied depending on the size of the fish and the volume of the aquarium

as indicated in Table 2. The aquaria were then placed in constant

temperature incubators to gradually adjust to the new temperature

over a 24 hour period. From a physiological viewpoint this was

not an adequate acclimation procedure, but in actual practice it did

not appear to create any difficulties.

Experiments were initiated by adding 4 ml of standardized

virus suspension to the water containing the fish. Control groups

of fish were exposed to either heat treated virus or tissue culture

medium (MEM-5% FBS) used to dilute the stock virus. Exposure

periods of either 24 or 48 hours were allowed. Following the

exposure period, the fish were removed to fresh aquaria which had

been adjusted to the desired temperature.
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Table 2. Dispersal of fish among experimental aquaria.

Fish sizea/
(grams)

Number of fish
per aquarium

Aquarium volume
(liters)

0.32 20 2.0

0.94 20 2.0

1.1 20 2.0

2.9 20 2.5

0.11 30 2.5

0.31 25 2.5

0.95 20 2.5

'FishFish sizes are listed in the order in which experiments were
performed.

/2-/On arrival from the hatchery, the fish were distributed as above
in water at a temperature within 1. 1 °C (2°F) of the hatchery
water.

c/While in transit and throughout the experiments, all fish were
exposed to 2 ppm oxytetracycline HC1 in the water.

d/ The water for the aquaria was derived from the Corvallis,
Oregon, municipal supply and processed to remove chlorine
and fluoride.

Activity of the virus was demonstrated by the difference in the

number of deaths between experimental groups of fish which were

exposed to the virus and those which were not exposed to the virus.

Dead fish were collected twice daily.

In order to minimize the problem of the size differential

between different lots of fish when repeating experiments, two com-

plete experiments were performed concurrently.
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Criteria for Judging Death Due to Virus Infection

An attempt was made to recover virus from the dead experi-

mental fish. Based on observation of cytopathic effect in CHSE-214

cell cultures (51), the virus was recovered from virus exposed fish

while no virus was recovered from dead control fish. Due to the

size and numbers of experimental fish involved, this procedure

proved too laborious to be practical.

Evidence of well established symptoms was used as the

criteria for judging death due to virus infection. Symptoms observed

were: (1) change in coloration to a very dark, almost black, appear-

ance, (2) appearance of hemorrhagic areas at the base of the pectoral

and pelvic fins, (3) lethargy punctuated by sporadic bursts of

hyperactivity, and (4) extrusion of a milky fecal material from the

anus. Deaths were presumed to be due to virus infection if these

symptoms were present. Those deaths occurring in less than 5 days

after exposure or resulting from some other factor, such as failure

of aeration equipment, were not considered to be related to virus

activity.

Care of Experimental Fish

The water supply for the aquaria was derived from the

Corvallis, Oregon, municipal supply, and had been processed by the
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Department of Fisheries and Wildlife, Oregon State University,

Corvallis, Oregon, to remove chlorine and fluoride by passage

through an activated charcoal filter system (Northwest Filter). Water

and aquaria were changed at 24 or 48 hour intervals by transferring

fish to fresh water and aquaria pre-adjusted to the desired tempera-

ture. All aquaria were maintained in constant temperature incu-

bators with a temperature sensitivity of 0. 28oC (0. 5oF) or less.

Throughout the experiment, fish were fed morning and evening

in amounts slightly in excess of expected consumption. The food

was supplied by the hatchery from which the fish were obtained.

Fish which were from 0.1 to 1.0 gram (gm) in size were fed Rangen

Salmon Mash (Rangen Fish Foods). Fish from 1.0 to 3.0 gm in size

were fed 1/16 inch Oregon Moist Pellet (Bio-Products).

Throughout the experiments, a continuous, dim light photo-

period was used.

Statistical Analysis

A one/two factor analysis of variance of the percent mortality

was performed by the Department of Statistics and the Computer

Center, Oregon State University, Corvallis, Oregon. The least

significant difference (LSD) at the P = 0.05 and P = 0.01 levels was

determined for the percent mortality values in each experiment as

indicated in Appendix B.
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A one factor analysis of variance of some mean time for death

(MTD) values was also performed (42). The LSD at the P = 0.05 and

P = 0.01 levels was determined for the MTD values as indicated in

Appendix C.
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EXPERIMENTAL RESULTS

Adsorption of OSV to the CHSE-214 Cell Line

The adsorption of OSV was investigated using CHSE -214 mono-

layers in 2 oz. prescription bottles exposed to OSV at a MOI of 5 in

one ml of virus inoculum. Virus was suspended in MEM-5Y0 FBS.

At 15 minute intervals after introducing the virus inoculum, sample

bottles were removed, and the virus inoculum assayed for remaining

infectious virus using the monolayer plaque assay technique. The pH

of the virus inoculum was pH 7.0 at the initiation of adsorption and

pH 7. 2 at the conclusion. The results of replicate experiments are

shown in Table 3 and Figure 1.

Table 3. Adsorption of OSV to the CHSE-214 cell line.

Exposure period
(minutes)

Titer of virus inoculum (pfu/ml x 10-7)

Experiment 1 Experiment 2

0

15
4.93
4.01

4.97
3.96

30 3. 88 3. 79
45 3. 73
60 3. 66 3. 54
75 3. 60 3. 42
90 3. 45

105 3. 49
120 3.45

a/ CHSE-214 monolayers in 2 oz. prescription bottles exposed to a
MOI of 5 in one ml of virus inoculum.

b/ Monolayers incubated at 18o
C.
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Figure 1. Adsorption of OSV to the CHSE-214 cell line.
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The virus rapidly adsorbed to the monolayer in the first 15

minutes of exposure. With increasing exposure time, the amount of

virus adsorbed stabilized so that by 60 to 75 minutes after exposure

adsorption under these conditions appeared to be essentially complete.

Single-Cycle Growth Curve of OSV
in the CHSE-214 Cell Line

The replication of OSV in the CHSE-214 cell line was investi-

gated by monitoring the increase in free and total virus with time

using the monolayer plaque assay technique. Cell monolayers in

2 oz. prescription bottles were exposed to OSV at a MOI of 4. 4 using

concentrated OSV suspended in MEM -0. 1% BSA. After incubation for

one hour to allow for virus adsorption, the exposed monolayers were

rinsed and then treated with antiserum for one hour to neutralize

residual, unadsorbed virus. The monolayers were again rinsed, and

5 ml of MEM -0. 4% BSA added to each bottle. The exposed mono-

layers were handled and incubated at 18 o
C. Sample bottles were

withdrawn every 4 hours through 48 hours and at 72 and 96 hours

after virus exposure. The results are presented in Table 4 and

Figure 2.

Free virus is that virus found in the fluid medium. Total virus

is that virus found in the fluid medium plus that virus which is in

some way cell-associated. Both free and total virus increased in an
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Table 4. Single-cycle growth curve of OSV in the CHSE-214 cell
line at 18°C.

Virus titer (pfu/ml)
Time after exposure

(hours) Free virusa/ Total virusb/

4

8

12

16

3.71 x 102 4. 43 x 104

6. 29 x 103 1.53 x 105

1.94 x 104 4.09 x 106

7.56 x 104 6.78 x 106

20 3.31 x 10 5 1.19 x 107

24 4.29 x 10 5 1.33 x107

28 9.65 x 105 1.53 x 107

32 2.06 x 106 8.88 x 106

36 3.71 x 10 6 1.76x107

40 5.05 x 106 1.45 x 107

44 1.33 x 10 7

48 8.67 x 10 6

72

96

1.60 x 10 7

1.53x107

"/Free virus is that virus found in the fluid medium.

b/Total virus is that virus found in the fluid medium plus that
virus which is in some way cell-associated.
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Figure 2. Single-cycle growth curve of OSV in the CHSE-214
cell line at 18 C.



44

exponential manner. While the free virus titer was low during the

early hours of the infection, the higher total virus titer indicated

that substantial virus activity had taken place within the cell. This

combined with the observation that total virus reached maximum

titer in 24 hours while free virus did not reach maximum titer until

between 48 and 72 hours after infection indicates that much of the

infectious virus is retained within the cell and released gradually

into the surrounding medium. The maximum titer attained by free

and total virus was nearly the same. For some unknown reason,

the value for total virus at 32 hours after infection appears to be

aberrant. Though this value was plotted on the total virus graph, it

was not included when estimating the curve for total virus accumula-

tion.

RNA Synthesis in OSV Infected CHSE-214 Cells

Total viral RNA synthesis in OSV infected CHSE-214 cells was

investigated by monitoring the incorporation of uridine-5- 3H into

acid-precipitable RNA.

CHSE-214 monolayers in 2 oz. prescription bottles were

treated with actinomycin D and then exposed to OSV at a MOI of 5 in

0.5 ml of virus inoculum containing actinomycin D and uridine-5-3H.

After a 30 minute adsorption period, the virus inoculum was removed,

and MEM-5% FBS containing actinomycin D and uridine-5-3H added
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to each bottle. Control and virus exposed monolayers were handled

and incubated at 18°C C n the dark. At desired intervals, sample

bottles were withdrawn. The cell monolayer and medium were

removed, pooled, and then centrifuged at 77,000 x g for 20 minutes

at 0 o
C. The resulting pellet was rinsed and then disrupted by tritura-

tion through a pipette. An aliquot was precipitated in 10% TCA in an

ice bath. The precipitate was collected and rinsed under vacuum.

The preparation was immersed in Aquasol liquid scintillation cock-

tail, and radioactivity measurements were made using the Nuclear-

Chicago Mark I Liquid Scintillation Computer System. The results

are presented in Table 5 and Figures 3 and 4.

The results presented have been corrected for background

counts. The background was determined to be 665 counts per minute

(cpm). Cellular RNA synthesis was reduced in the presence of acti-

nomycin D by greater than 99% and showed little fluctuation through-

out the experiment. Total viral RNA in actinomycin D treated mono-

layers increased exponentially from 8 hours to 17 hours after virus

infection. From 17 hours through 26 hours after virus infection,

there was no further increase in total viral RNA. The increase in

total viral RNA corresponds well to the total virus growth curve

(see Figure 5) with total viral RNA reaching its maximum slightly

in advance of the total virus maximum.

The monolayers which were not treated with actinomycin D



Table 5. Incorporation of Uridine-5-3H in OSV infected CHSE-214 cells at 18°C.

Radioactivity measurements (counts per minute (cpm)d/

Time after
exposure
to virus
(hours) s)

No actinomycin D treatment Actinomycin D treated

Control
monolayers

(cpm x 10-6)

Virus infected
monolayers12/
(cpm x 10-6)

Control
monolayers

(cpm x 10-3)

Virus infected
monolayersb/
(cpm x 10-4)

8 1.86 1.16 7.12 6.32

11 2.10 1.61 9.03 9.65

14 2.07 1.59 12.37 11.58

17 2.00 1.60 13.81 15.73

20 2.15 1.43 14.51 15.32

26 1.44 1.25 12.66 1( 09
a/ Monolayers treated with 5 µg /ml actinomycin D for 5 hours prior to virus exposure, during virus

exposure, and during incubation.

b/Monolayers exposed to OSV at a MOI of 5 in 0.5 ml virus inoculum at 18 oC for 30 minutes. Virus
inoculum contained 5 µc /ml uridine-5-3H.

monolayers incubated in MEM-5% FBS contained 5 µc /m1 uridine-5- 3H.

d/Average radioactivity (cpm) measurements of four 0.9 ml samples.
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had a high level of uridine-5- 3 incorporation.ncorporation. Little fluctuation

in the degree of incorporation was observed in either the control or

the virus infected monolayers. It was noted, however, that the

degree of incorporation in the control monolayers was consistently

greater than incorporation in the virus infected monolayers. This

may indicate that virus infection depresses some host cell directed

RNA synthesis.

Fluorescent Antibody

Direct and indirect fluorescent antibody staining procedures

were used to investigate the development of OSV in the CHSE-214

cell line.

Direct fluorescent antibody staining was performed using OSV

rabbit antiserum which had been conjugated with fluorescein

isothiocyanate (FITC). OSV antiserum was prepared using partially

purified concentrates of OSV propagated in the CHSE-214 cell line,

as previously described. Before conjugation with FITC, the anti-

serum was absorbed twice with CHSE-214 cells at a concentration of

107 cells/ml of antiserum. Serum globulins, precipitated from the

absorbed antiserum in 50% ammonium sulfate, were collected by

centrifugation, and residual ammonium sulfate removed by dialysis.

The protein concentration of the globulin preparation was determined

by spectrophotometric measurement of turbidity following
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precipitation with sulfosalicylic acid. The globulin was conjugated

with FITC at a concentration of 15 mg FITC/1000 mg of protein. The

preparation was allowed to react at 9°C for 4 hours or at 4oC over-

night. The FITC-conjugated globulin was freed of unreacted FITC

by passage through a G-50 Sephadex column. For direct fluorescent

antibody staining, acetone-fixed cell preparations on coverslips were

covered with diluted, conjugated OSV antibody. The specimens were

incubated at 37 oC for 40 minutes in a moist chamber. After incuba-

tion, the specimens were washed and air dried. The coverslips were

then mounted on microscope slides and examined with the Leitz-

Wetzlar fluorescence microscope.

Indirect fluorescent antibody staining was performed using

OSV rabbit antiserum, prepared using partially purified concentrates

of OSV propagated in the S-30 cell line (33), and FITC-conjugated

sheep anti-rabbit globulin serum. Acetone-fixed cell preparations on

coverslips were covered with diluted OSV antiserum. After incuba-

tion in a moist chamber at 37
oC for 40 minutes, the preparations

were washed and air dried. The specimens were then covered with

diluted, FITC-conjugated sheep anti-rabbit globulin serum. The

preparations were incubated, washed, and air dried as above. The

coverslips were mounted on microscope slides and examined with

the Leitz-Wetzlar fluorescence microscope.

Specimens used in the direct and indirect fluorescent antibody
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procedures were prepared in the following manner. OSV infected

specimens were prepared by exposing 3 day old CHSE-214 cells on

coverslips to one ml of stock virus in MEM-5% FBS with a titer of

1.57 x 107 pfu/ml. Tubes of control and virus exposed cells were

withdrawn at desired intervals and fixed in acetone, Specimens were

air dried and stored in dust free containers.

The results of the direct fluorescent antibody procedures were

inconclusive. The virus infected cell preparations fluoresced more

brightly than the control cell preparations. In both instances the

fluorescence was present throughout the cytoplasm and the nucleus.

No fluorescent granules were observed in either the cytoplasm or the

nucleus. The degree of fluorescence in virus infected cells was

unchanging over the range of incubation intervals examined even

though cell morphology changed from normal fibroblast cells at 2

hours after virus exposure to virus degenerated, spheroid cells at

10 hours after virus exposure.

The results of indirect fluorescent antibody staining indicated

that OSV develops in the cytoplasm of virus infected cells. At 2

hours after virus exposure, small fluorescent granules were visible

in the cytoplasm of infected cells. By 4 hours after virus exposure,

the fluorescent granules had increased in number so that fluorescent

aggregates were apparent (see Figure 6). At 6 hours after virus

exposure, the cytoplasm contained larger fluorescent aggregates and



Figure 6. Fluorescent antibody stained CHSE-214 cells four hours
after exposure to OSV at 18°C. Fluorescent, granular
areas are located in the cytoplasm, No fluorescence
is evident in the nucleus. Magnification, 1. 23 x 103 X.

Figure 7. Fluorescent antibody stained CHSE-214 cells six hours
after exposure to OSV at 18°C. Large, fluorescent,
granular areas are located throughout the cytoplasm.
Considerably more fluorescent material is evident at
six hours after infection than at four hours after
infection (Figure 6). No fluorescent material is evident
in the nucleus. Magnification, 1.18 x 103 X.
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appeared to be almost uniformly fluorescent (see Figure 7). By 10

hours, virus exposed cells had degenerated to fluorescent, spheroid

masses which were detaching from the coverslip surface. Through-

out the incubation intervals examined, the fluorescence observed

was confined to the cytoplasm of virus infected cells. No fluores-

cence was observed in the nucleus. Control cell preparations

exhibited none of these changes and were only dimly fluorescent

(see Figure 8).

Demonstration of Autointerference Phenomenon
With OSV

Serial diluted and undiluted virus passage was used to demon-

strate the autointerference phenomenon with OSV.

The diluted virus passage series was initiated by exposing a

CHSE-214 monolayer in a 32 oz. prescription bottle to 4.0 ml of a

1/1000 dilution of stock virus in MEM-5% FBS. The diluted virus

passage series was continued in the same manner using a 1/1000

dilution of the culture fluid from the preceeding diluted virus passage.

The undiluted virus passage series was initiated by exposing a

CHSE-214 monolayer in a 32 oz. prescription bottle to 4.0 ml of

undiluted stock virus. The undiluted virus passage series was con-

tinued in the same manner using undiluted culture fluid from the

preceeding undiluted virus passage.



Figure 8. Fluorescent antibody stained CHSE-214 cells not exposed
to OSV. Some very dim fluorescence is evident in the
cytoplasm, but, by comparison to virus infected cells,
essentially no fluorescence is evident. Magnification,
1.12 x 103 X.





56

Both diluted and undiluted virus passages were incubated at

18
oC for 96 hours. An aliquot of the culture fluid from each passage

was assayed for infectious virus by the monolayer plaque assay

technique. The virus titers found in the two types of serial passage

are shown in Table 6.

Table 6. Demonstration of autointerference with serial passage
of OSV.

Serial passage

Virus titer of culture fluid (pfu/ml)

Diluted passage Undiluted passage

0 1.54 x 104 1.54 x 107

1 1.71 x 107 2.32 x 106

2 2.59 x 107 1.43 x 105

3 1.92 x 107 6.86 x 105

The diluted virus passage titers were consistently 10 to 100

times greater than the parallel titers achieved in the undiluted virus

passage. Serial passage of undiluted virus resulted in decreased

production of infectious virus which indicated that autointerference

was occurring. Thin section electron microscope preparations

indicated a morphological difference in virus particles produced

using diluted virus inoculum and undiluted virus inoculum (auto-

interfering conditions) (see Table 8 and Figures 11 and 12).
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Electron Microscopy

Electron microscopy was used to study three aspects of OSV:

(1) morphology of virus particles produced using diluted virus

inoculum and undiluted virus inoculum (autointerfering conditions),

(2) examination of viral structural components, and (3) investigation

of viral development in tissue culture.

Negative stained OSV specimens were prepared in the following

manner. Serial diluted and undiluted passages were prepared as

previously described in Demonstration of the Autointerference

Phenomenon with OSV. The diluted virus passage was used for

particle morphology and virus structural component specimens. The

undiluted virus passage was used for specimens of particle morph-

ology under autointerfering conditions. Purification procedures were

identical for both diluted and undiluted virus passage samples.

Partial purification of the virus samples was accomplished by

one cycle of low and high speed centrifugation followed by enzyme

treatment with chymotrypsin and then with DNase and RNase.

Partially purified samples were further treated by physical

and chemical means to effect the separation of morphological types

of virus produced using diluted and undiluted virus inoculum and to

disrupt particles into structural components. Morphological types

of virus were separated by rate zonal centrifugation in linear 15 to
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55% sucrose density gradients and then treated by dialysis or by

dilution to reduce the sucrose concentration. Virus particles were

disrupted into structural components by treatment with 2% sodium

deoxycholate followed by sucrose density gradient centrifugation and

dialysis as described above. Sedimentation in linear 10 to 50%

cesium chloride density gradients followed by dialysis was also used

to disrupt virus particles into structural components. Virus morph-

ology specimens and virus structural component specimens were

fixed with 1% glutaraldehyde and stained with 1% phosphotungstic

acid immediately before being examined with the electron microscope.

Thin section OSV specimens were prepared in the following

manner. CHSE-214 monolayers in 32 oz. prescription bottles were

exposed to diluted and undiluted virus inoculum as previously

described. At desired intervals after exposure, the monolayers

were fixed with 4% glutaraldehyde. After fixation, the monolayers

were removed from the glass surface and embedded in 2% Ionagar.

Samples were stained with 2% osmic acid, dehydrated in increasing

concentrations of acetone, and then stained with uranyl acetate.

The samples were then infiltrated with and embedded in Bojax Plastic.

After curing, the samples were trimmed and thin sectioned. The

thin sections were stained with lead citrate and then examined with

the electron microscope.

Sedimentation characteristics of diluted and undiluted OSV
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passage in sucrose density gradients consistently indicated the

presence of a fraction of lower density in the undiluted virus passage

samples which was absent in the diluted virus passage samples.

Such evidence with VSV has led to the effective separation of the

more dense infectious particle from the less dense autointerfering

particle. With VSV these particles were readily visualized using

negative stained electron microscope preparations.

Negative stained preparations of individual sucrose gradient

bands from both diluted and undiluted OSV passage revealed the

presence of few intact virus particles. Most of the virus particles

observed were fragmented or distorted. Intact, fragmented, and

distorted particles are evident in Figures 9 and 10. The few intact,

undistorted particles had a bullet shaped profile which varied in

length from 155 nm to 213 nm and in diameter from 85 nm to 103 nm.

The intact, distorted particles, also having a bullet shaped profile,

varied in length from 106 nm to 181 nm and in diameter from 69 nm

to 167 nm. The most common distortion was longitudinal compres-

sion in conjunction with lateral expansion. Spheroid shaped particles

85 nm to 141 nm in size were also evident. The above three types

of particles were found in the more dense band of both the diluted and

undiluted virus passage samples, although the number of such

particles was lower in the undiluted virus passage samples. The

less dense band, evident only in the undiluted passage samples,



Figure 9. An electron micrograph of intact and distorted virus
particles. The virus specimens were prepared, fixed,
and stained as described on pages 57 and 58. An intact
virus particle is located in the center, and a slightly
distorted virus particle just left of center. Three
longitudinally compressed and laterally expanded parti-
cles are located in the lower left. Magnification,
9.74 x 104 X.

Figure 10. An electron micrograph of intact and distorted virus
particles. The virus specimens were prepared as in
Figure 9. An intact virus particle is located near
the center, and distorted particles below center and
extreme right. Spheroid type particles are also
evident. Magnification, 7.43 x 104 X.
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contained a few of the spheroid shaped particles, as seen above,

and occasionally what appeared to be very distorted, small bullet

shaped particles.

The techniques used to prepare negative stained specimens

were obviously too harsh for this fragile virus. The fragile nature

of fish rhabdoviruses has been observed by other investigators when

attempting to study fish rhabdovirus morphology using negative

stained electron microscope preparations (2, 9, 33).

Investigation of the difference in morphology of virus particles

produced under conditions of diluted and undiluted virus inoculum

was next attempted using thin section specimens of virus infected

CHSE-214 monolayers. Three types of bullet shaped particles were

identified as indicated in Table 7. These particles were designated

OSV-I, OSV-II, and OSV-III. The average dimensions of these

particles were determined from the thin section electron micrographs.

OSV-I particles, 188 nm in length by 70 nm in diameter, were found

in cells exposed to diluted virus inoculum (see Figure 11) and, to a

much lesser extent, in cells exposed to undiluted virus inoculum.

OSV-II particles, 118 by 69 nm, and OSV-III particles, 81 by 66 nm,

were found essentially only in cells exposed to undiluted virus

inoculum (see Figure 12). The distribution of virus particles

observed in the thin section specimens is indicated in Table 8. In

cells exposed to diluted virus inoculum, essentially only OSV-I



Table 7. Dimensions of 172 virus particles identified in glutaraldehyde-fixed, thin sectioned CHSE-
214 monolayers infected with diluted or undiluted virus inoculum.

Number of Average dimensions (nm) Range of dimensions (nm)
Particle particles Ratio

Designation measured-a.] Length Diameter (D: L) Length Diameter

OSV-Ib/
89 188 70 1:2.70 157-213 60-78

31 118 69 1:1.72 100-142 60-78

OSV - 52 81 66 1:1.22 64-96 57-82

Distribution of particles observed in thin section electron microscope preparations is indicated in
Table 8.

b/OSV-I particles found in cells exposed to diluted virus inoculum and, to a much lesser extent, in
cells exposed to undiluted virus inoculum.

c/OSV-II and OSV-III particles found essentially only in cells exposed to undiluted virus inoculum.



Figure 11. An electron micrograph of a thin section specimen of
CHSE-214 cells 72 hours after exposure to diluted
OSV inoculum. Specimens were prepared as described
on page 58. Many OSV-I type particles are located
throughout the preparation. Longitudinal, lateral, and
diagonal sections of virus particles are evident. Sur-
face projections and internal striations are visible.
Magnification, 8.84 x 104 X.





Figure 12. An electron micrograph of a thin section specimen of
CHSE-214 cells 18 hours after exposure to undiluted
OSV inoculum (autointerfering conditions). Specimens
were prepared as described in Figure 11. Eight OSV-
III type particles and one OSV-II type particle are evi-
dent. Longitudinal and lateral sections are evident.
Surface projections can be seen on most particles.
Magnification, 6.49 x 104 X.
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type particles were observed. In cells exposed to undiluted virus

inoculum, OSV-III particles were observed in the greatest number

while OSV-I particles were observed in the least number. These

results indicated that virus particle morphology was influenced bythe

inoculum to which cells were exposed. Under conditions of autointer-

ference (undiluted virus inoculum), truncated bullet shaped particles

were relatively abundant; while in the absence of autointerfering condi-

tions (diluted virus inoculum), truncated particles were not observed,

and the full length bullet shaped particles were found in abundance.

Table 8. Distribution of particles observed in thin section electron
microscopy preparations of CHSE-214 cells infected
using diluted or undiluted virus inoculum.

Particle
designated

Number of each type of virus particle observed

Diluted virus
inoculum

Undiluted virus
inoculumll

OSV-I 71 18

OSV-II 2 29

OSV -III 0 52

a/ Infection of cells using undiluted virus inoculum is referred to
in the text as infection under autointerfering conditions.

Viral structural components were also investigated using nega-

tive stained and thin section electron microscope preparations.

Partially purified virus was disrupted with cesium chloride or

sodium deoxycholate treatment in an effort to determine if the OSV



66

nucleocapsid has helical symmetry. Negative stained specimens of

virus treated in this manner revealed that the internal contents of the

virus were released in a random configuration from the planar end

of the bullet shaped particle,(see Figure 13). No evidence of helical

symmetry was observed in these preparations. A negative stained

preparation of untreated, partially purified virus gave some insight

into the nature of the OSV nucleocapsid (see Figure 14). The

striated component of the virus appears to be helical in configuration

and able to maintain its structural integrity in the absence of the

viral envelope. Situated within and extruded from the striated

component, there appears to be filamentous material arranged in a

random manner. In Figure 14 this material is clearly seen to

emanate from within the striated component of three particles. Due

to the phosphotungstic acid background, it is difficult to ascertain

if this material has structural symmetry of if it is entirely random

in configuration. When observed within the striated component,

this filamentous material appears to have a random "ball of yarn"

configuration. The striations appear to be 2.4 nm in width with a

periodicity of 5. 2 nm. The striated component has a diameter of

60 nm in the enveloped particle.

Partial purification of the virus samples included enzyme

treatment with chymotrypsin and DNase and RNase. Surface projec-

tions were lacking in specimens treated in this manner (see Figure 14).



Figure 13. An electron micrograph of an OSV particle after sedimen-
tation in a CsC1 density gradient. The specimen was
prepared as described on page 58. The internal
structure is expelled from the planar end of the virus
particle in a complex, filamentous mass. There is no
evidence of helical symmetry. Magnification, 3.76 x
105 X.
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Figure 14. An electron micrograph of OSV particles which spontane-
ously disrupted. The specimen was prepared as described
on pages 57 and 58. Two virus particles have an
envelope structure; a third does not. The striated com-
ponent of the virus appears to have helical symmetry.
Striations are 2. 4 nm in width with a periodicity of 5. 2
nm. Filamentous material is seen situated within the
striated component in a random manner. This filam-
entous material is also seen extruding from the striated
component in a random manner. Surface projections are
not evident. Magnification, 2. 20 x 105 X.



00
.0



69

Thin section specimens were not enzyme treated. In these prepara-

tions projections with an average length of 12 nm were seen protrud-

ing radially from the envelope surface (see Figures 11 and 12);.

The development of OSV in tissue culture was investigated

using thin section preparations of virus infected CHSE-214 cells

exposed to diluted virus inoculum. Virus particles were observed in

vesicles in the cytoplasm (see Figure 15). Some of these cytoplasmic

concentrations were membrane bound; others were not. Virus par-

ticles were also observed budding through the cell membrane into

the surrounding medium (see Figure 16).

The general appearance of virus infected cells was observed

in thin section preparations. The control cell nucleus (see Figure

17) appeared to contain considerably more chromatin material than

the infected cell nucleus (see Figure 18). The infected cell nucleus

was generally "washed out" in appearance, and the chromatin

material present appeared to be aggregated. The nuclear membrane

of both the control and infected cells appeared to be intact and in

the same physical condition. No inclusion bodies were observed

in either the cytoplasm or the nucleus.

Thermal Stability of the Oregon Sockeye Salmon Virus

Stock OSV was added to dechlorinated-defluoridated Corvallis,

Oregon, municipal water (pH 6.8), Hank's balanced salt solution



Figure 15. An electron micrograph of a thin section of CHSE-214 cells
72 hours after exposure to diluted OSV inoculum. The
specimen was prepared as described on page 58. Many
OSV-I type particles are visible in cytoplasmic vesicles.
Magnification, 7. 19 x 104 X.
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Figure 16. An electron micrograph of a thin section of CHSE-214
cells 72 hours after exposure to diluted OSV inoculum.
The specimen was prepared as described on page 58.
Four OSV-I type particles are seen budding from the
cell surface membranes. Magnification, 1.01 x 105 X.
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Figure 17. An electron micrograph of a thin section of CHSE-214
cells which were not exposed to OSV. The specimen was
prepared as described on page 58. The nucleus contains
a large quantity of chromatin material. Magnification,
1.07 x 104 X.
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Figure 18. An electron micrograph of a thin section of CHSE-214 cells
72 hours after exposure to diluted OSV inoculum. The
specimen was prepared as described on page 58. The
nucleus contains less chromatin material in comparison
to the uninfected cell nucleus (Figure 17), and the chrom-
atin material appears to be aggregated. The nuclear
membrane of the virus infected cell and the uninfected
cell appear to be in the same physical condition. No virus
is seen in the infected cell nucleus. Virus particles are
located at the cell periphery. Magnification, 1.01 x 104 X.
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(pH 7. 0), and distilled water (pH 5. 7) to give a concentration of

approximately 1.9 x 105 pfu/ml. An aliquot of each solution was

placed at 3.9°, 12.2°, and 20. 6°C (39°, 54°, and 69°F). A sample

was withdrawn from each solution at each temperature every 24 or

48 hours and assayed for remaining infectious virus by the mono-

layer plaque assay technique.

The results indicated in Table 9 and Figures 19, 20, and 21

demonstrate the stability of OSV under these conditions. In each

of the aqueous environments investigated, the virus became more

unstable with increasing temperature. During the first 24 hours in

dechlorinated-defluoridated water, virus titer decreased 27% at

3.9o, 31% at 12.2o, and 91% at 20.6°C. In the same time interval

in distilled water, the virus titer decreased 7% at 3.9°, 54% at 12.2°,

and 93% at 20. 6°C. In Hank's balanced salt solution, the virus titer

decreased 40% at 3. 9 °, 75% at 12.2°, and 100% at 20. 6 °C. All virus

titers continued to decrease exponentially with time. The virus

appeared to be more stable in dechlorinated-defluoridated municipal

water and distilled water than in Hank's balanced salt solution.

Effect of Temperature on In Vivo OSV Infection

Before investigating the effect of water temperature on infec-

tion with the Oregon sockeye salmon virus, it was necessary to



Table 9. Stability of the Oregon sockeye salmon virus.

Temperature
Time
(days)

Titer of remaining infectious virus (pfu/ml)

Dechlorinated-
defluoridated

waterai

Hank' s
balanced salt

s olutionhi
Distilled

water

3.9°C (39°F)

12. 2°C (54°F)

20.6°C (69°F)

0

1

2

3

4
5

0

1

2

3

4
5

0

1

2

1.91 x 105
1.39 x 105

51.00 x 104
6.40 x 104
4.58 x 104
2.20 x 10

1.91 x 10 5

51.31 x10-
44.51 x10 42.40x 10
39.84 x 10

1.91 x 105
41.69 x 102

2.02 x 10

1.93 x 105
1.16 x 105

--
42.77 x 10

9.67 x 103
6.53 x 10 3

1.93 x 10 5

44.83 x 10
4.41 x 10 3

1.93 x 105
0
0

1.94 x 105
1.80 x 105

--
5.73 x 104
3.66 x 10 4

2.13 x 104

1.94 x 10 5

8.96 x 10 4

--
31.54 x 10

51.94 x 104
1.33 x 102
9.69 x 10

-a/Dechlorinated-defluoridated water was derived from the Corvallis, Oregon, municipal water supply.
Municipal water was processed by the Department of Fisheries and Wildlife to remove chlorine and
fluoride. This water was used in the investigation of the effect of temperature on in vivo OSV
infection.

-b/Hank's balanced salt solution was adjusted to pH 7.0 by dropwise addition of 30% aqueous Tris buffer.
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Figure 19. Stability of the Oregon sockeye salmon virus
in dechlorinated-defluoridated water, pH 6.8.
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Figure 20. Stability of the Oregon sockeye salmon virus in
distilled water, pH 5.7.
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establish some guidelines as to the appropriate concentration of virus

needed to initiate an experimental infection. Two preliminary experi-

ments were performed to determine the effect of virus concentration.

In the first such experiment, groups of 20 to 22 fingerling kokanee

salmon, averaging 0.32 grams (gm) in weight were used. Each

group was exposed to a different concentration of virus in their water

for a 48 hour period. Final virus concentrations varied from 2570 to

11 plaque forming units (pfu) per ml of aquarium water at three (3)

fold intervals. All aquaria were held at 12. 2°C (54°F), and deaths

were recorded over a 24 day period. The results are shown in

Table 10. In the second preliminary experiment, the available

kokanee fingerlings had increased to an average weight of 0.94 gm.

The experiment was performed as indicated above. The results are

shown in Table

In both preliminary experiments, the cumulative percent

mortality did not vary significantly over the wide range of virus

concentration as 90 to 100% of the fish in the experimental groups

succumbed to the infection when exposed to 11 or more pfu of virus

per ml of aquarium water. At the lower virus concentration it was

noted that the deaths were distributed over a much longer time

interval than was observed with the maximum virus level. The

distribution could be caused by a process of secondary infection.

Some of the fish exposed at the lower virus concentration became



Table 10. Effect of various concentrations of Oregon sockeye salmon virus on establishment of virus
infection and mean time for death at 12. 2°C (54°F).

Final virus
concentration
in water of

aquaria
(pfu/ml)

Number of deaths occurring
in each 5 day period after infection Fraction of

each group
that died

Mean time
for death

(days)(5-9) (10 -14) (15 -19) (20 -24)

2570 20 20/20 6. 4

857 14 5 1 20/20 8.9
286 19 2 21/21 7.7
95 14 5 1 1 21/21 9.7
32 14 7 21/21 9.5
11 11 8 2 21/21 10.7

heated virus
control 0/17

virus diluent
control 0/22

'Average weight of experimental fish was approximately 0.32 gm.
b/Fish were exposed to the indicated virus concentration in their water for 48 hours.

/The heated virus control group received virus equivalent to 2570 pfu/ml, which had been heated at
60°C for 30 minutes. This was added to the aquarium water.

(LI/The virus diluent control group received 4 ml of the virus diluent added to the aquarium water. The
oodiluent was Eagle's MEM-5% FBS (tissue culture medium).



Table 11. Effect of various concentrations of Oregon sockeye salmon virus on establishment of virus
infection and mean time for death at 12. 2 °C (54°F).

Final virus
concentration
in water of

Number of deaths occurring
in each 5 day period after infection Fraction of

each group
that died

Mean time
for death

(days)
aquaria
(pfu/ml) (5-9) (10-14) (15-19) (20-24) (25-29)

2570 20 2 22/22 7.3

857 6 9 6 21/22 12.0

286 9 11 1 1 22/22 10.4

95 3 9 3 1 16/22 13.1

32 5 7 6 2 20/22 13.8

11 1 9 5 4 2 21/22 5.8
4 1 7 2 2 4 16/22 17.9

1 0/22

0.4 0/21

0.1 1 3 12 3 19/22 16.3

virus diluent control 0/22

a/ Average weight of experimental fish was 0.94 gm.
12/Fish were exposed to the indicated virus concentration in their water for 48 hours.

/ The virus diluent control group received 4 ml of the virus diluent added to the aquarium water. The
diluent was Eagle's MEM-5% FBS (tissue culture medium).
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infected only when exposed to virus shed by those fish that had been

infected during the initial exposure. The mean time for death (MTD)

values in Tables 10 and 11 reflect this difference in the distribution

of deaths among the experimental groups. It was also noted that the

size of the fish affected the MTD. At all virus concentrations, the

MTD values for the 0.32 gm fish were consistently lower than the

comparable values for the 0.94 gm fish. This influence due to size,

weight, or age was observed repeatedly throughout succeeding

experiments.

The results of these two preliminary experiments indicated

that within the range studied any of several virus concentrations

could be used successfully for initiating experimental infection. In

order to allow as much latitude as possible for observing the effects

of water temperature, it appeared desirable to use one of the lower

virus concentrations for fish in the same weight range, i. e. , 0.3

to 1.0 gm.

Using the above guidelines, experiments designed to study the

effect of water temperature on the virus infection were undertaken.

In the first paired experiment, the response over a wide range

of temperature was determined. The temperatures selected were

3.9 °, 12. 2 °, 17. 8 °, and 23. 30C ( 390, 54
o

, 64°, and 74°E, respec-

tively). The available kokanee fingerlings had an average weight of

1.1 gm. The fish were exposed for 24 hours to a final virus
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concentration of 32 pfu/ml of aquarium water. At each temperature

level 20 fish were exposed to the virus, and another group of 20

were held as controls.

The results are shown in Table 12. Unfortunately, the experi-

mental groups held at 23. 3oC were lost due to failure of the aeration

apparatus. The percent mortality approached 100% among the fish

at 3.9 o C , and was nearly 90% at 12.2 C. However, at 17. 8oC the

percent mortality was only 41. 5 %, a significant reduction (P = 0.01).

This result suggested that the higher temperature exerted a suppres-

sive effect on the infection. Although nearly 100% mortality was

attained at 3. 9oC , the progress of the infection was slower as indi-

cated by the higher mean time for death (MTD) value. The most

favorable temperature for the development of fatal infection was

12. 2oC. At this temperature a high percent mortality was attained

with the lowest MTD value.

Based on the information obtained in the previous pair of

experiments, temperatures from 12. 2oC to 22. 2oC were examined.

The temperatures selected were 12. 2°, 15. 00, 17. 80, 20. 60, and

22. 2oC (540, 590, 64°, 690, and 72oF, respectively). Since the

available kokanee fingerlings were not considerably larger, averag-

ing 2.9 gm in weight, it seemed advisable to expose them to a higher

virus concentration. The exposure period was 24 hours with a final



Table 12. Effect of water temperature on infection with the Oregon sockeye salmon virus.

Fraction of fish in each group that died . Percent mortality;
two experiments

Experiment 1 Experiment 2 combined Mean time
Water for death

temperature Exposed Controls Exposed Controls Exposed Controls (days)

17. 8°C(64°F) 10/20 0/20 7/21 0/21 41.5 0 17.2

12.2o
C(54

o
F) 19/21 0/22 18/21 0/21 88.0 0 16.7

3.9°C(39°F) 21/22 0/21 22/22 0/21 97.7 0 25.6

/Average weight of the experimental fish was approximately I. 1 gm.

b/Experimental fish held at 23. 3oC (74oF) were lost due to failure of aeration equipment.

/Fish were exposed for 24 hours to virus at a concentration of 32 pfu/ml of aquarium water.

d/All groups of fish were held at the indicated temperatures for a 45 day period.

e/Least significant difference between percent mortality values was determined to be 12. 67% at the
0.05 probability level and 19. 19% at the 0.01 probability level (Appendix B).
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virus concentration of 600 pfu/ml. The number of fish in each

exposed and control group was increased from 20 to 40.

The results of this paired experiment are presented in Table

13. None of the virus exposed groups attained 100% mortality. The

greatest number of virus associated deaths occurred at 12. 2oC

where the percent mortality was 61. 2%. The percent mortality

decreased to 46. 2% at 15. 0°C and was near 20% at both 17. 8° and

20. 6°C. The 22. 2 oC temperature was at the threshold of tolerance

for these fingerlings; the control and exposed groups at this tempera-

ture had nearly the same percent mortality (18%). At 17. 8° and

20. 6
oC the percent mortality was significantly lower (P = 0.01) indi-

cating the suppressive effect of elevated temperature. The 12. 2oC

temperature was again the most favorable for development of fatal

infection. These results appear to confirm the findings of the first

experiment. No consistent relationship between temperature and

the mean time for death was evident. The mean time for death was

greatest at 20. 6°C.

Paired experiments were next undertaken in the 3. 90 to 12. 2 oC

(390 to 54oF, respectively) temperature range. Unfortunately, these

experiments had to be abandoned because of the development of

natural bacterial infections despite the presence of 2 ppm of

oxytetracycline HC1 in the aquarium water. Further experiments



Table 13. Effect of water temperature on infection with Oregon sockeye salmon virus.

Fraction of fish in each group that died Percent mortality;
two experiments

Experiment 1 Experiment 2 combined Mean time
Water for death

temperature Exposed Controls Exposed Controls Exposed Controls (days)

22.2°C(72°F) 10/40 8/26 5/40 4/40 18.8 18.2
20.6°C(69°F) 6/40 0/39 8/26 2/39 21.2 2.6 17.4
17.8°C(64°F) 6/39 0/40 9/40 0/40 18.9 0 10.1
15.0°C(59°F) 18/38 0/39 18/40 0/41 46.2 0 12.8
12.2 °C(54 ° F) 23/41 0/40 26/39 1/40 61.2 1.3 13.0

a/ AverageAverage weight of experimental fish was approximately 2.9 gm.
12/Fish were exposed for 24 hours to virus at a concentration of 600 pfu/ml of aquarium water.
c/All groups of fish were held at the indicated temperatures for a 30 day period.
d/ Deaths in the control groups at 22. 2 °C (72oF) are presumably due to unfavorable physiological

effects of the high temperature, and possibly the activation of some resident microorganisms with
potential pathogenic properties.

e/The mean time for death is not included for the 22. 2 °C (72 oF) group because deaths were apparently
due to a combination of factors mentioned above and virus infection.

/Least significant difference between percent mortality values was determined to be 16.06% at the
0.05 probability level and 22. 82% at the 0.01 probability level (Appendix B).
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were not possible at the time as kokanee fingerlings were no longer

available.

The next series of experiments were conducted during the

following year when kokanee salmon fry were again available.

The experience with different size fish in the previous experi-

ments indicated that the full range of temperatures must be run

simultaneously for valid comparison of wide range temperature data.

Paired experiments were conducted at 3.9 , 9.. 4
0

, 12. 2o, 15.0 ,

and 20.6°C (39°, 49 °, 54°, and 69 °F, respectively). The average

weight of the fish was 0.11 gm. At each temperature level, 30 fish

were exposed to the virus, and a similar group of 30 were held as

controls. The fish were exposed for 24 hours to a final virus concen-

tration of 32 pfu/ml of aquarium water.

The results of this pair of experiments are presented in Table

14. The percent mortality was less than 6% among the fish held at

3.9°C and 9. 4°C. At 12. 2 and 15. 0°C, the percent mortality

approached 100%; then, declined to 33% at 20. 6 °C. The reduced

percent mortality was significant (P = 0.01) at 3.9°, 9.4°, and 20. 6 °C.

Although nearly 50% of the control fish died at 20. 6°C, the lower

percent mortality among the exposed group indicates that the 20. 6 °C

temperature retarded the development of the viral infection. The

temperature range of 12. 2° to 15. 0 ° C was near optimal for develop-

ment of fatal infection under these experimental conditions. At 3.90



Table 14. Effect of water temperature on infection with the Oregon sockeye salmon virus

Water

Fraction of fish in each group that died

Experiment 1

temperature Exposed

Experiment 2

Controls Exposed

Percent mortality;
two experiments

combined

Controls Exposed Controls

Mean time
for death

(days)

20.6°C (69°F) 9/30 13/29 11/30 16/30 33.3 49.0

15.0°C (59 oF) 28/30 4/30 30/30 0/29 96.6 6.8 12.8

12. 2oC (54 F) 29/30 0/30 30/30 0/30 98.3 0 14.7

9.4°C (49 oF) 0/30 1/30 2/30 0/30 3.3 1.7 17.0

3.9°C (39°F) 0/30 1/31 3/30 0/30 5.0 1.7 20.0

'Average weight of experimental fish was approximately 0.11 gm.
12/Fish were exposed for 24 hours to virus at a concentration of 32 pfu/ml of aquarium water.

/All groups of fish were held at the indicated temperatures for a 27 day period.
51/Deaths of the control groups at 20. 6oC (69 oF) are presumably due to unfavorable physiological

effects of the high temperature, and possibly the activation of some resident microorganism with
potential pathogenic properties.

e/The mean time for death is not included for the 20.6oC (69oF) group because deaths were apparently
due to a combination of factors mentioned above and virus infection.

/Least significant difference between percent mortality values was determined to be 11. 33% at the
0.05 probabiliky, level and 16.-10% at the 0.01 probability level (Appendix B).
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and 9. 4oC the development of the infection was markedly retarded.

The reason the this is unknown and was not observed in the previous

experiments.

The mean time for death values indicate that at 12. 20 and

15. 0oC, where mortality was the greatest, progress of the infection

was the most rapid. At temperatures below the 12. 20 to 15. 0°C

range, progress of the infection was much slower.

In this experiment, the results obtained at 3.90 and 9. 4
oC

were very different from the data of previous experiments at these

two temperatures. To investigate this difference, a less extensive,

paired experiment was undertaken. Fish from the same kokanee

population as in the preceeding experiment had increased in size to

0.31 gm. Groups of 25 fish at 3.9° and 12. 2°C (39° and 54°F,

respectively) were exposed for 24 hours to a final virus concentra-

tion of 32 pfu/ml of aquarium water. A similar group of 25 fish were

held as controls at each temperature.

The results appear in Table 15. The percent mortality at both

temperatures was 100%. The susceptibility of the fish at 3.9°C had

drastically changed from the preceeding experiment as the distinct

protective effect of the 3.9 C temperature observed with the 0.11

gm fish was absent. However, the MTD value at 3. 9°C was almost

2.5 times greater than that at 12. 2°C. It is also important to note

that these larger fish were more susceptible to infection at 12. 2°C



Table 15. Effect of water temperature on infection with the Oregon sockeye salmon virus.

Fraction of fish in each group that died Percent mortality;
two experiments

Experiment 1 Experiment 2 combined Mean time
Water for death

temperature Exposed Controls Exposed Controls Exposed Controls (days)

12. 2°C(54°F) 25/25 0/25 25/25 0/25 100 0 11.2

3.9°C(39°F) 25/25 1/24 23/23 2/24 100 6.3 26.4

a/Average weight of experimental fish was approximately 0. 31 gm.

b/Fish were exposed for 24 hours to virus at a concentration of 32 pfu/ml of aquarium water.

/All groups of fish were held at the indicated temperatures for a 33 day period.

d/ The least significant difference between percent mortality values was not determined because
the values were equal.
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as indicated by an almost 25% decrease in the MTD value from the

preceeding experiment. Thus, even though no difference was

observed in the percent mortality, the 3. 9°C temperature markedly

retarded the progress of the infection while 12. 2oC was highly favor-

able for the rapid development of the infection.

The next series of paired experiments was carried out with a

population of kokanee fingerlings whose average weight was 0.95 gm.

These fish were from the same population as those of the two preceed-

ing experiments. Paired experiments were conducted at 3. 9o, 9. 4o,

12. 2o, 15.0o, 17.8o, and 20.60C (390, 490, 540, 590, 640, and 69°F,

respectively). At each temperature 20 fish were exposed to the

virus, and a similar group of 20 were held as controls. The virus

concentration during the 24 hour exposure period was 32 pfu/ml of

aquarium water.

The results of these paired experiments appear in Table 16.

The percent mortality, although high at all temperatures, showed

some relationship to water temperature. At the four lower tempera-

tures, the percent mortality ranged from 97. 5% at 3.9°C to 90% at

15. 0oC. The percent mortality declined significantly (P = 0.01) to

75% at 17. 8°C and 67% at 20. 6°C. Approximately half of the control

fish at 20. 6 0C succumbed to the effects of this relatively high tempera-

ture. Table 16 also indicates the effect of temperature on the MTD

values. As in the preceeding experiment, there is evidence of a



Table 16. Effect of water temperature on infection with the Oregon sockeye salmon virus.

Water
temperature

Fraction of fish in each group that died Percent mortality;
two experiments

combined Mean time
for death

(days)

Experiment 1 Experiment 2

Exposed Controls Exposed Controls Exposed Controls

20. 6°C(69°F) 12/18 9/19 b/ 10/20 66.7 48. 7

17. 8°C(64°F) 16/20 0/20 14/20 0/20 75. 0 0 9.9
15.0 C(59°F) 18/20 0/20 18/20 1/20 90.0 2. 5 9. 0

12. 2
o

C(54
o

F) 19/20 0/20 19/20 0/20 9 5. 0 0 10. 8

9. 4°C(49°F) 19/20 0/20 20/20 0/20 97. 5 0 10. 6

3. 9°C(39°F) 19/20 0/20 20/20 0/20 97. 5 0 20. 1

'Average weight of the experimental fish was approximately 0.95 gm.
b/One group of 20 experimental fish at 20. 6 °C (69 °F) was lost due to failure of aeration equipment.
c/ Fish were exposed for 24 hours to virus at a concentration of 32 pfu/ml of aquarium water.
d/All groups of fish were held at the indicated temperatures for a 29 day period.
/Deaths in the control groups at 20. 6 °C (69 °F) are presumably due to unfavorable physiological
effects of the high temperature, and possibly the activation of some resident microorganisms
with potential pathogenic properties.

f/The mean time for death is not included for the 20. 6 °C (69oF) group because deaths were apparently
due to a combination of factors mentioned above and virus infection.

E./Least significant difference between percent mortality values was determined to be 9. 33% at the
0.05 probability level and 13. 26% at the 0.01 probability level (Appendix B).
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retarding effect at 3.9oC where the MTD value is about double that at

the other temperatures. The mean time for death then generally

decreased with increasing temperature up to 15. 0oC which appears

to be optimal for the progress of the infection. At the one tempera-

ture above 15. 0oC, the mean time for death increased slightly with

increasing temperature. The decreasing percent mortality indicates

the retarding effect of high temperatures on the progress of the

infection.

This concluded the series of experiments designed to investi-

gate the effect of temperature on the progress of in vivo OSV infection.

Throughout these experiments, kokanee fry and fingerlings were

available in limited numbers. Consequently, it was necessary to use

whatever source was available even though the fish would not be the

same size or from the same population throughout all the experiments.

Though this might be viewed as unfortunate, the results obtained tend

to demonstrate that the progress of the infection may be influenced

by factors related to age or size and perhaps to environmental or

genetic background.

Since 12. 2oC appeared to be near the optimum temperature for

the progress of the infection, the results of some experiments at this

temperature were compared. All fish were exposed to a virus

concentration of 32 pfu/ml of aquarium water. Table 17 indicates

(1) the influence of size or age on the results obtained using one



Table 17. Effect of size or age and population on Oregon sockeye salmon virus infection at 12. 2oC

(54°F).

Population Size (grams)
Percent

mortality
Mean time for
death (days)

Suttle Lake/

Suttle Lake

Suttle Lake/

Suttle Laked/

Montanad/

0. 11

0. 31

0.95

0.95

0. 94

98. 3

100

95

95

90. 9

14. 7

11. 2

10. 8

10. 8

13. 8

a/Data assembled from Tables 14, 15, 16, and 11, respectively.

12/All fish were exposed to a virus concentration of 32 pfu/ml of aquarium water.
c/The least significant difference between mean time for death values was determined to be 1. 37

days at the 0. 05 probability level and 1. 82 days at the 0.01 probability level (Appendix C).

d/The least significant difference between mean time for death values was determined to be 2. 28
days at the 0. 05 probability level and 3. 03 days at the 0.01 probability level (Appendix C).
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kokanee population, and (2) the influence of environmental or genetic

background on the results obtained using one size of fish. The mean

time for death (MTD) values show the general tendency of more rapid

progress of the infection with increasing size or age with these small

fish. While the percent mortality remained at 95 to 100%, the MTD

dropped 27% from 14.7 days for the 0.11 gm fish to 10.8 days for

the 0.95 gm fish (P = 0.01) of the same population. Comparing the

results of experiments with 0.95 gm fish from two populations, the

Suttle Lake population attained a 9 5% mortality with a MTD of 10.8

days; the Montana population attained a 9 1% mortality with a MTD

of 13.8 days. While the difference in percent mortality is negligible,

the Montana population took 28% longer to attain that percent

mortality. The mean time for death values were significantly dif-

ferent at the 0.05 probability level (Appendix C). No attempt was

made to investigate the role of either size or age or environmental

or genetic background. General trends were observed when analyz-

ing the results, and it was noted that such factors could influence the

results obtained.

Cross Plaque Neutralization Tests

The antigenic relationship between OSV and Egtved virus, two

fish rhabdoviruses, was investigated by the cross plaque neutraliza-

tion test using immune serum prepared by injecting rabbits with
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partially purified concentrates of each virus as previously described.

Two plaque neutralization tests were performed with each anti-

serum against homologous and heterologous virus. Standardized

stock virus was diluted in MEM-5% FBS to contain approximately

100 pfu /0. 15 ml. Two-fold antiserum dilutions in MEM-5% FBS were

made over a range which was known to cause between 0 and 100%

plaque neutralization of the homologous virus. Equal volumes of

diluted stock virus and diluted antiserum were mixed and incubated

at 18oC for one hour. At the end of this interval, the virus-antibody

mixture was assayed for unneutralized virus by the monolayer plaque

assay technique.

The results of the cross plaque neutralization tests are shown

in Tables 18 and 19. By this method OSV and Egtved virus appear

to be antigenically unrelated. No neutralization of heterologous

virus was observed with either antiserum.



Table 18. Cross-plaque neutralization tests with OSV rabbit antiserum versus OSV and Egtved virus.

Virus

Reciprocal
of

antiserum
dilution

Experiment I Experiment II

Plaque Counts

0/0 Neut.

Plaque Counts

Per bottle Ave. Per bottle Ave. 0/0 Neut.

OSV 100

200

1, 1, 0

27,42, 19

1

29

99

68

1, 0, 0

26, 7, 34

O. 3 99

22 74

400 110, 101, 87 99 100, 80, 104 95

800 102, 105, 106 104 105, 118, 101 108

1600 107, 94, 85 95 117,90,93 100

Controls 108, 82, 81 90 80, 83,95 86

Egtved 100 94,99,85 93 5 96,98,93 97

200 98,96, 102 99 94,96,94 95

400 91,93,95 93 91,97,96 95

800 108, 102, 106 105 95, 100, 96 97

1600 109,93,94 99 95,95,93 94

ControlA/ 96,96, 100 97 -- 99, 101,93 98

'ControlsControls were virus suspension mixed 1:1 with a 1/100 dilution of normal rabbit serum.



Table 19. Cross-plaque neutralization tests with Egtved virus rabbit antiserum versus OSV and
Egtved virus.

Virus

Reciprocal
of

antiserum
dilution

Experiment I Experiment II

Plaque Counts

% Neut.

Plaque Counts

% Neut.Per bottle Ave. Per bottle Ave.

Egtved 100 24,34, -- 29 72 30, 31, 27 29 74

200 52,37,46 45 56 55, 57, 58 57 50

400 73,87,75 78 23 89, 83, 84 85 24

800 100, 105, 99 101 116, 121, 110 116

1600 101, 101, 100 101 111, 119, 117 116

Controls!"-/ 102, 103, 100 102 113, 112, 112 112

OSV 100 82, 87, 78 82 74, 95, 86 85

200 80,75, 82 79 78, 87, 88 84

400 83,77, 80 80 88, 84, 80 84

800 78,85,76 80 80, 92, 85 86

1600 80,77, 82 80 88,79,82 83

Controls-/ 89,78, 76 79 -- 80, 95, 79 85

2--/Controls were virus suspension mixed 1:1 with a 1/100 dilution of normal rabbit serum,
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DISCUSSION

Since the isolation of the Oregon sockeye salmon virus (OSV)

in 1958, extensive investigations have been undertaken to elabor-

ate the properties of this virus. The results of these investigations

have indicated that OSV is a single-stranded RNA virus which con-

tains essential lipids and has a density of 1.16 gm/cm3 in sucrose

(33, 51). Electron microscope examination of negative stained,

fixed preparations has presumptively identified OSV as a bullet

shaped particle with average dimensions of 166 to 181 nm in length

and 91 to 98 nm in diameter (2, 33). Based on this evidence, OSV

has been tentatively placed in the Rhabdovirus group (2, 9, 33).

OSV has been found to be antigenically indistinguishable from infec-

tious hematopoietic necrosis (IHN) virus, a bullet shaped virus of

sockeye salmon and rainbow trout, using the cross plaque neutraliza-

tion technique (34).

The research reported here characterizes many biological

properties of this virus which have not been previously investigated.

A series of experiments were undertaken to investigate some

of the events occurring during a single cycle of OSV replication. The

events studied included virus adsorption to host cells, production

and appearance of infectious progeny virus particles, and produc-

tion of total viral RNA.
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The interaction of the virus particle and a susceptible host

cell is the first step requisite for the initiation of viral infection

and the subsequent production of progeny virus. This interaction,

resulting in the attachment of the virus particle to host cell mem-

branes, will be referred to as virus adsorption. OSV was found to

adsorb rapidly to the cell monolayer in the first 15 minutes of virus

exposure. With increasing exposure time, the amount of virus

adsorbed stabilized so that by 60 to 75 minutes after exposure

adsorption under the conditions used appeared to be essentially com-

plete (see Figure 1). It is not known if the interaction between OSV

and the host cell occurred solely at the cell surface membrane or

if virus particles were also engulfed by the cell by the process of

viropexis with subsequent adsorption in the vacuole to what were

formerly host cell surface membranes. No studies of this nature

have been reported for any of the other fish rhabdoviruses. With

vesicular stomatitis virus (VSV) both processes have been observed

(23, 41). Since the particle per infectious unit ratio is not known

for OSV, stabilization of adsorption may reflect saturation of virus

receptor sites. Such stabilization has been observed with VSV

(5, 22). The rapid adsorption of OSV indicated that a 30 to 60 min-

ute virus exposure would be sufficient for monolayer infection in

subsequent experiments.

Determination of a single-cycle growth curve provides basic
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information concerning the appearance of new infectious virus and

the period of the infectious cycle during which new virus is formed.

A single-cycle growth curve of OSV was determined at 18°C and is

shown in Figure 2. Free virus is that virus found in the fluid med-

ium. Total virus is that virus found in the fluid medium plus that

virus which is in some way cell associated. The single-cycle growth

curve indicates that substantial virus producing activity takes place

within the cell during the early hours of infection. Both free and

total virus increased in an exponential manner. Total virus reached

maximum titer in 24 hours while free virus did not reach maximum

titer until between 48 and 72 hours after virus infection. Virus

progeny appear to be retained within the cell and only gradually

released into the surrounding medium. The maximum titer attained

by free and total virus was nearly the same indicating that nearly

all virus produced is eventually released into the surrounding

medium. Such quantitative release of progeny virus is found with

most RNA viruses (10). Retention of virus particles in cytoplasmic

vesicles of OSV infected cells was noted in this section electron

micrographs (see Figure 15). Such cytoplasmic concentrations may

also correspond to the granules observed in fluorescent antibody

stained OSV infected cells.

The time interval required to attain maximum total virus titer

compares favorably with total virus production of Egtved virus, the
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only other fish rhabdovirus for which a single-cycle curve of repli-

cation has been determined. Egtved virus propagated at 14°C

attained maximum total virus titer in approximately 24 hours (32).

Compared with other rhabdoviruses, fish rhabdovirus replication is

relatively slow. At 37 oC, VSV attains maximum total virus titer in

approximately 10 hours, and at 25°C in approximately 18 hours (20).

The longer time interval required for fish rhabdovirus replication

is a function of lower optimal temperature. Optimum OSV replica-

tion occurs between 13o and 18oC; no new virus is produced at 23oC

(52).

Total viral RNA synthesis during a single-cycle of OSV repli-

cation at 18oC was investigated by monitoring the incorporation of

uridine-5- 3H into acid-precipitable RNA. The results indicated

that OSV replication was seemingly unaffected by the presence of

actinomycin D which corresponds to results of investigations with

VSV (25). Total viral RNA in actinomycin D treated monolayers

increased exponentially from 8 hours to 17 hours after virus infec-

tion. From 17 hours to 26 hours after virus infection, there was

no further increase in total viral RNA (see Figure 3). The increase

in total viral RNA corresponds well to the total virus growth curve

(see Figure 5) with total viral RNA reaching its maximum in advance

of the total virus maximum. RNA incorporation into infectious virus
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particles continues after total viral RNA reaches a maximum (see

Figure 5).

The rapid rise and plateau of total viral RNA has been docu-

mented with VSV (31, 47). In comparison to VSV, OSV total viral

RNA production covers a considerably longer time interval which,

as in the total virus growth curve, probably reflects the effect of

temperature. VSV total viral RNA production reaches its maximum

in 4 to 5 hours (47). Viral RNA synthesis investigations have not

been previously reported for any of the fish rhabdoviruses.

Cellular RNA synthesis in the presence of actinomycin D was

reduced by greater than 99% indicating the high efficiency of

actinomycin D treatment in the CHSE-214 cell line, Mono layers not

3
itreated with actinomycin D had a high level of uridine-5- H incorpora-

tion. It was noted, however, that the degree of incorporation in the

control monolayers was consistently greater than incorporation in

virus infected monolayers. This may indicate that OSV infection

depressed some host cell directed RNA synthesis as has been

reported in VSV infected cells (48).

Direct and indirect fluorescent antibody techniques were used

to investigate the development of OSV infection in CHSE-214 cells.

The results of the direct staining procedure were inconclusive.

The results of the indirect fluorescent antibody staining indicated

that OSV developed in the cytoplasm of virus infected cells. Small
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fluorescent granules were visible in the cytoplasm of infected cells

at 2 hours after virus exposure. These granules increased in num-

ber and size so that by 6 hours after virus exposure the cytoplasm of

infected cells appeared to be almost uniformly fluorescent (see

Figures 6 and 7). The fluorescence observed was confined to the

cytoplasm with no fluorescence observable in the nucleus. The

control cell preparations exhibited none of these changes and were

only dimly fluorescent (see Figure 8).

Cytoplasmic concentrations of virus particles were evident in

thin section electron micrographs which may correspond to the

fluorescent granules. The single-cycle growth curve of OSV indi-

cated that substantial intracellular virus was present in the early

hours of infection. Previously reported phase microscopy investi-

gations of cytopathic effects associated with OSV infection indicated

that most changes were confined to the nucleus (51). However, the

results reported here indicate that virus development appears to be

confined exclusively to the cytoplasm. No investigations of this

nature have been reported for other fish rhabdoviruses. Fluorescent

granules or inclusions in the cytoplasm of VSV infected cells were

found to be associated with virus and viral nucleoprotein concentra-

tions (53). Fluorescent granules in the cytoplasm have also been

associated with the presence of rabies virus concentrations (26),

Reports dealing with the morphology and ultra structure of fish
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rhabdoviruses have intimated that, based on the occasional observa-

tion of truncated bullet shaped particles and analogy to VSV, the

autointerference phenomenon may occur with these viruses (2, 9,

33). To date, however, no experimental evidence has been intro-

duced to substantiate this hypothesis. Direct evidence for auto-

interference is the decrease in infectious virus titer with serial

undiluted or high multiplicity of infection virus passages (4, 8).

Such evidence was demonstrated with OSV on serial undiluted virus

passage (see Table 6). Serial undiluted virus passage titers were

consistently 10 to 100 times lower than the parallel titers achieved

in serial diluted virus passage indicating that autointerference occurs

with OSV.

Evidence from VSV studies indicated that a transmissible,

morphologically different particle was associated with autointer-

ference. The autointerfering particle was presumptively identified

as a truncated bullet shaped particle approximately one-third the

length of the infectious particle (19). The less dense truncated

particles were readily separated from the more dense infectious

particles by sucrose density gradient centrifugation and visualized in

negative stained electron microscope preparations (21, 24). Investi-

gations with partially purified truncated particle preparations indi-

cated that these particles markedly interfered with the production

of infectious virus (21, 24).
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Negative stained specimens of serial diluted and undiluted virus

passage samples were prepared to determine if such morphological

differences could be observed in OSV preparations. Purification

procedures were identical for both diluted and undiluted virus sam-

ples. Partial purification was accomplished by one cycle of low and

high speed centrifugation followed by enzyme treatment with chymo-

trypsin and then with DNase and RNase. Morphological types of

virus were separated by rate zonal centrifugation in linear 15 to 55%

sucrose density gradients. Specimens were fixed with 1% glutaralde-

hyde and stained with 1% phosphotungstic acid.

Sucrose density gradient centrifugation consistently demon-

strated that a fraction of lower density was associated with serial

undiluted virus passage and that this fraction was absent in serial

diluted virus passage. Negative stained preparations of individual

density gradient bands were examined. Few intact virus particles

were observed. Most particles were fragmented or distorted or both.

Considerable loss in infectivity due to virus disruption was reported

in early studies on rabies virus purification using sucrose density

gradient centrifugation. It was found that dialysis against slowly

decreasing concentrations of sucrose was necessary to retain the

morphology of most of the particles (44). The use of dialysis tubing

treated with three changes of boiling 0.025 M EDTA reduced the

loss in VSV infectivity associated with dialysis (21). The inclusion
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of these methods into the OSV preparation procedure did not appreci-

ably change the appearance of the particle preparations. Those intact,

undistorted particles which were observed had a bullet shaped profile

which varied from 155 to 213 nm in length and 85 to 103 nm in

diameter (see Figure 9). These results are similar to those obtained

in other negative stained investigations (2, 33). The values for the

diameter are considerably greater than those reported for other

rhabdoviruses which may indicate that such values are artifacts of

specimen preparation. Some spheroid particles (see Figure 10) were

observed as have been reported by other investigators (33, 51).

Spheroid particles appear to originate as the result of increased

distortion of bullet shaped particles. Similar difficulties have been

encountered by other investigators attempting to study fish rhabdo-

virus morphology and ultrastructure (2, 9, 33).

Thin section electron micrographs of cells exposed to diluted

and undiluted OSV inoculum were used to investigate morphological

differences in progeny virus. Three virus particles were identified

(see Figures 11 and 12). All three particles had a bullet shaped

profile and differed morphologically only in length (see Table 7).

These particles were designated OSV-I, OSV-II, and OSV-III. The

average dimensions of these particles were determined from the thin

section electron micrographs. OSV-I was 188 nm in length by 70 nm

in diameter; OSV-II was 118 nm by 69 nm; and OSV-III was 81 nm by
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66 nm. Similar dimensions for the OSV-I type particles were

reported while this investigation was in progress (9). The distribu-

tion of virus particles observed in the thin section specimens is

indicated in Table 8. In cells exposed to diluted virus inoculum,

essentially only OSV-I type particles were observed. In cells

exposed to undiluted virus inoculum, all three types of particles

were observed. OSV-III type particles were observed in the greatest

number while OSV-I type particles were observed in the least num-

ber. These results indicate that virus particle morphology was

influenced by the inoculum to which cells were exposed. Under condi-

tions of autointerference (undiluted virus inoculum), truncated bullet

shaped particles were relatively abundant; while in the absence of

autointerfering conditions (diluted virus inoculum), truncated parti-

cles were not observed, and the full length bullet shaped particles

were found in abundance.

Three types of virus particles have been isolated from a strain

of the Indiana serotype of VSV (37). The VSV-I particle is the

infectious virus particle. VSV-II, which is approximately one-half

the length of VSV-I, and VSV-III, which is approximately one-third

the length of VSV-I, are autointerfering particles.

The evidence from serial passage studies indicated the

occurrence of the autointerference phenomenon with OSV propaga-

tion. Thin section electron microscope evidence indicated dif-

ferences in the morphology of virus progeny produced by exposure

to diluted or undiluted virus inoculum. Based on this evidence and
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analogy to VSV, it is suggested that OSV-I may represent the infecti-

ous virus particle and OSV-II and OSV-III may represent autointerfer-

ing particles. The dimensions of the particles reported here cor-

respond well to those reported for VSV.

Virus structural components were also investigated using

negative stained and thin section electron microscope preparations.

Electron micrographs of rhabdovirus preparations indicated

striations within the bullet shaped particles which created specula-

tion concerning the symmetry of the nucleocapsid. Evidence for the

helical nature of the nucleocapsid of VSV (35), rabies virus (27), and

Egtved virus (32, 54) is now well documented. Nucleocapsid helices

have been observed in thin sections of cytoplasmic inclusions and

in negative stained preparations of virus disrupted by sodium

deoxycholate (DOC) treatment or sedimentation in cesium chloride

(CsC1) density gradients. These methods were employed to deter-

mine if the OSV nucleocapsid has helical symmetry. Negative

stained specimens of DOC and CsC1 treated virus revealed that the

contents of the virus were released in a random configuration from

the planar end of the bullet shaped particle (see Figure 13). No

evidence of helical symmetry was observed in these preparations.

If the OSV nucleocapsid is helical in configuration it was quite labile

under this treatment. The extreme lability of the rabies virus

nucleocapsid has been reported (45).
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Negative stained preparations of partially purified virus which

spontaneously fragmented provided some insight into the nature of the

OSV nucleocapsid (see Figure 14). The striated component of the

virus appears to be helical in configuration and able to maintain its

structural integrity in the absence of the viral envelope. There

appears to be filamentous material arranged in a random manner

situated within and seen extruding from the striated component. Due

to the phosphotungstic acid background, it is difficult to ascertain

if this filamentous material has structural symmetry or if it is

entirely random in configuration. It is not known if the striated and

filamentous components are continuous. This filamentous material

has not been reported in other rhabdoviruses. The striations appear

to be 2.4 nm in width with a periodicity of 5. 2 nm. The striated

component has a diameter of 60 nm in the enveloped particle.

Nucleoprotein strands isolated from VSV are reported to have a width

which varied from 2. 5 to 8. 5 nm depending on the angle of viewing

(53), and the diameter of the striated structure has been observed to

be approximately 50 nm (6). A report published while this investi-

gation was in progress indicated that the internal striations of the

OSV particle had a periodicity of 5. 5 nm (9).

Partial purification of virus samples included enzyme treatment

with chymotrypsin and DNase and RNase. In specimens treated in

this manner, virus particles were found to be lacking surface
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projections (see Figure 14). In thin section specimens which were

not enzyme treated, the virus particles possessed radially arranged

surface projections with an average length of 12 nm (see Figures

11 and 12). Similar results have been found with VSV (35), rabies

virus (26), and Egtved virus (32). VSV surface projections were

found to be removed on treatment of the virus with trypsin indicating

the protein nature of the surface projections. Surface projections

were noted by other investigators in thin section electron micro-

graphs of IHN virus (2, 9) and OSV (9).

The development of OSV in tissue culture was observed in thin

section preparations. Virus particles were observed in vesicles in

the cytoplasm (see Figure 15). Some of these cytoplasmic concen-

trations were membrane bound, and others were not. Virus parti-

cles were also observed budding through the cell membrane into the

surrounding medium (see Figure 16). Budding into cytoplasmic

vesicles and through the cell surface membrane provides the virus

particle with additional protein components (surface projections) and

the viral envelope structure with essential lipids. Budding through

cell surface membranes and into cytoplasmic vesicles has been

observed with VSV (20), rabies virus (26), and Egtved virus (32).

While this investigation was in progress, a report indicating such

budding with IHN virus and OSV was published (9). The presence of

cytoplasmic concentrations may correlate with the observation of
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fluorescent granules in the cytoplasm of OSV infected cells stained

by fluorescent antibody. In all the thin sections examined no virus

particles were observed in the nucleus.

Phase contrast microscope studies of cytopathic changes occur-

ring in OSV infected cells indicated that most changes attributed to

virus infection were associated with the nucleus. The nuclear mem-

brane thickened; nucleoli increased in density; and the chromatin

material became coarse and granular in OSV infected cells. Vacuoli-

zation was the only change noted in the cytoplasm of the infected

cell. There was no evidence of inclusion bodies in either the cyto-

plasm or the nucleus (51).

Comparison of control and virus infected cells in thin section

indicated that the infected cell nucleus appeared to contain less

chromatin material and that the chromatin material present had an

aggregated appearance. The infected cell nucleus was generally

"washed out" in appearance. Similar observations have recently

been made concerning IHN virus infected cells (9). The nuclear

membrane in both control and infected cells appeared to be in the

same physical condition. Although cytoplasmic concentrations of

OSV were observed, cytoplasmic inclusions containing viral

nucleoprotein observed with VSV (53), rabies virus (26), and Egtved

virus (54) were not observed. No inclusions or virus particles were

observed in the nucleus. This correlates with the fluorescent
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antibody investigation in which no fluorescence was observed in

association with the nucleus.

The thermal stability of OSV was investigated in three aqueous

environments: (1) dechlorinated-defluoridated water (pH 6.8) from

the Corvallis, Oregon, municipal supply as used in determining the

effect of temperature on in vivo OSV infection, (2) Hank's balanced

salt solution (BSS) (pH 7. 0),and (3) distilled water (pH 5. 7). In each

of the environments investigated, the virus became more unstable

with increasing temperature (see Table 9). Virus titer decreased

in an exponential manner. OSV was more stable in dechlorinated-

defluoridated water and distilled water than in Hank's BSS.

Inactivation studies with picornaviruses indicated that low

temperature inactivation (below 35oC) of these viruses appeared to

be effective primarily by denaturation of the nucleic acid (11).

Increased water and salt penetration disturbing the nucleic acid

structure has been postulated as the reason for low temperature

inactivation of respiratory syncytial virus, a Myxovirus, (39).

Protein expansion coefficients are reported to be generally high (38).

Based on these observations, it could be theorized that OSV

inactivation observed here is a combination of increasing water and

salt effects with temperature. Increasing temperature expands virus

protein components providing greater accessibility of water and

salts to nucleic acid components. Since this was only a limited
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investigation designed to give an overall view of OSV stability, too

few measurements were available for determination of the thermo-

dynamic values of inactivation.

During in vitro propagation and handling, OSV is probably

protected to some extent from inactivation due to the high serum

concentration of tissue culture medium.

The in vivo series of experiments with the Oregon sockeye

salmon virus demonstrated that the thermal environment of the

infected fish can influence the development and progress of the viral

infection.

The results indicate that the temperature range of 12. 2oC to

15.0
oC was optimum for the progress of the infection. In this

temperature range a high percent mortality was attained with a

minimum mean time for death (MTD). As the water temperature was

increased to 17. 8oC and 20. 6oC, the percent mortality would signifi-

cantly decrease (P = 0.01), and the MTD value increase. This

indicates a retardation of both the onset and the progress of the

infection with the increased temperature. As the temperature was

decreased to 9. 4oC and 3. 9
oC, the percent mortality increased

usually to a very high value, and the MTD would increase to often

nearly double the MTD value at 12. 2° and 15.0°C. The low tempera-

ture retarded only the temporal progress of the infection rather than

delaying its onset. These conclusions are particularly evident with
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the 1.1, 2.9, and 0.95 gm fish, Tables 12, 13, and 16, respectively.

These results are not in conflict with the experiments of Amend

(1) who reported that the mortality among fingerling sockeye salmon

exposed to this virus was reduced to a low level if fish were held at

20
oC for 4 to 6 days after exposure to the virus. Decreased percent

mortality at 20oC was also reported by Watson, et al. (49) in their

experiments with Columbia River sockeye disease virus. Studied by

Wingfield (52) indicated that the Oregon sockeye salmon virus

replicated abundantly in sockeye salmon cell cultures in the tempera-

ture range from 10. 5oC to 20o
C. The rate of replication was

retarded, and virus yields were lower at 3.9°C. No replication

occurred at 23 o
C. The indications from the experiments reported

here that the temperature range from 12. 20 to 15.0 0 C is near

optimal for development and progress of fatal infection due to this

virus is not in disagreement with other relevant data.

It is interesting to note that, while the virus in vitro replicates

abundantly at a temperature of 20°C, in vivo it was observed that at

temperatures above 15. 0oC the percent mortality steadily decreased.

This would suggest that at the higher temperatures a number of

factors may influence the in vivo infection. Amend (1) speculated

that interferon or an interferon-like substance was responsible for

high temperature protection. To date, however, no experimental

evidence has been introduced to substantiate this hypothesis.
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One factor which would influence experimental infection at high

temperature is the thermal stability of the virus. In three aqueous

environments investigated (see Table 9), 91% to 100% of the original

infectivity was lost in the first 24 hours at 20. 6oC. In the same time

period, 7% to 40% of the original infectivity was lost at 3. 9°C, and at

12. 2oC 31% to 75% was lost. While this does not establish the thermal

stability of the virus in vivo, it does indicate that OSV itself is quite

sensitive to the thermal environment.

As noted in Table 17, differences in size or age and possibly

genetic or environmental background introduced variations in the

results. Population variations were noted in studies with Columbia

River sockeye disease virus (18). It was determined at that time

that differences in hatchery water temperatures caused such varia-

tions. The two populations used in the experiments reported here

were from two hatcheries with slightly different water temperatures.

The Suttle Lake population came from Klamath hatchery which has a

year round water temperature of 7. 8oC. The Montana population

came from Wizard Falls hatchery which has a year round water

temperature of 10 o
C. This difference in environmental background

may account for the population differences noticed in these experi-

ments.

Differences in results due to size or age were noted within

the same population (Table 17). It was noted that as the fish
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increased in size from 0.11 gm to 0.95 gm the mean time for death

steadily decreased. In one case, the 0.11 gm fish held at 3.90 and

9.4°C experienced less than 6% mortality; whereas, larger fish from

the same population held at the same temperatures experienced near

100% mortality. This seems to suggest that the very small fish were

more resistant to infection than larger fish of the same population.

The reason for this seeming resistance in the smaller fish has yet

to be investigated.

The results obtained from these experiments have outlined the

effect of temperature on infection with OSV. More work is needed

to elaborate the role of the thermal environment in retarding the

infection at higher temperatures and to define the other factors

which influence in vivo infection.

The antigenic relationship between OSV and other bullet shaped

fish viruses have been under investigation. OSV has been found to

be antigenically indistinguishable from IHN virus and antigenically

related to Sacramento River chinook disease (SRCD) virus (34). The

antigenic relationship of OSV to Egtved virus was investigated by the

cross plaque neutralization technique using homologous and heter-

ologous antisera. No neutralization of OSV or Egtved virus was

observed on exposure to the heterologous antiserum. The evidence

presented here indicates that there is no antigenic relationship

between OSV and Egtved virus as determined by this method.
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Shortly after the completion of this investigation, it was

reported that IHN virus experienced a 34% plaque reduction on expo-

sure to a 1/100 dilution of high titer anti-Egtved serum (29). The

investigator was not able to examine the neutralization of Egtved

virus with anti-IHN virus serum. But, based on neutralization and

fluorescent antibody tests, it was shown that no close serological

relationship could be demonstrated between Egtved virus and IHN

virus. Since OSV and IHN virus have been found to be antigenically

indistinguishable, it could be expected that no antigenic relationship

would be found between OSV and Egtved virus.
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SUMMARY AND CONCLUSIONS

1. Adsorption of OSV to the CHSE-214 cell line was investigated

using monolayers exposed to OSV at a multiplicity of infection

of 5. Virus inoculum was assayed for remaining infectivity by

the monolayer plaque assay technique. OSV rapidly adsorbed to

the monolayer in the first 15 minutes of exposure. With

increasing exposure time, the amount of virus adsorbed stabi-

lized so that by 60 to 75 minutes after exposure adsorption

appeared to be essentially complete.

2. A single-cycle growth curve of OSV in the CHSE-214 cell line at

18
oC was determined. The increase in free and total virus was

monitored using the monolayer plaque assay technique. Both

free and total virus titers increased exponentially. While free

virus titer was low during the early hours of infection, the

higher total virus titer indicated that substantial virus activity

had taken place within the cell. This combined with the observa-

tion that total virus reached maximum titer in 24 hours while

free virus did not reach maximum titer until between 48 and 72

hours after virus infection indicated that much of the infectious

virus is retained within the cell and released gradually into the

surrounding medium. The maximum titer attained by both free

and total virus was nearly the same.
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3. Total viral RNA synthesis in OSV infected CHSE-214 cells was

investigated by monitoring the incorporation of uridine-5- 3H

into acid-precipitable RNA. Total viral RNA in actinomycin D

treated monolayers increased exponentially from 8 hours to 17

hours after virus infection. From 17 hours through 26 hours

after virus infection, there was no further increase in total

viral RNA. Total viral RNA accumulation corresponded well to

the total virus growth curve. Viral RNA continued to be incorpor-

ated into infectious virus particles after total viral RNA reached

its maximum. Cellular RNA synthesis in the presence of acti-

nomycin D was reduced by greater than 99%. In monolayers not

treated with actinomycin ID, the degree of uridine-5- 3 incorpor-

ation

ncorpor-

ation in control monolayers was consistently greater than

incorporation in virus infected monolayers possibly indicating

that OSV infection depresses some host cell directed RNA

synthesis.

4. Direct and indirect fluorescent antibody staining procedures

were used to investigate the development of OSV in the CHSE-214

cell line. The direct staining procedure was performed using

FITC-conjugated anti-OSV serum. The results were inconclu-

sive. The results of the indirect staining procedure using OSV

rabbit antiserum and FITC-conjugated anti-rabbit globulin

serum indicated that OSV develops in the cytoplasm of virus
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infected cells. Small fluorescent granules were visible in the

cytoplasm 2 hours after virus infection. These granules

increased in number and size so that by 6 hours after virus infec-

tion the cytoplasm appeared to be almost uniformly fluorescent.

Throughout the incubation invtervals examined, the fluorescence

was confined to the cytoplasm. Control preparations exhibited

none of these changes and were only dimly fluorescent.

5. The autointerference phenomenon was shown to occur with OSV

based on the decrease in infectious virus titer with serial

undiluted virus passage. Undiluted virus passage titers were

consistently 10 to 100 times lower than the parallel titers

achieved in the diluted virus passage.

6. Negative stained OSV preparations were prepared to examine

viral structural components. Virus samples, which were parti-

ally purified by one cycle of low and high speed centrifugation

followed by enzyme treatment with chymotrpysin and then with

DNase and RNase, were treated with 2% sodium deoxycholate

or sedimented in linear 10 to 50% cesium chloride gradients to

disrupt the virus particles into components. Specimens were

fixed with 1% glutaraldehyde and stained with 1% phosphotungstic

acid. Virus specimens treated in this manner revealed that the

internal contents of the virus were released in a random configu-

ration from the planar end of the bullet shaped particle. If the
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internal component had helical symmetry, it was disrupted by

this treatment.

7. A negative stained preparation of untreated, partially purified

virus gave some insight into the nature of the OSV nucleocapsid.

The striated component of the virus appears to be helical in

configuration and able to maintain its structural integrity in

the absence of the viral envelope. The striations appear to be

2. 4 nm in width with a periodicity of 5. 2 nm. The striated

component has a diameter of 60 nm in the enveloped particle.

Situated within and observed extruding from the striated com-

ponent, there appears to be filamentous material arranged in a

random manner. Due to the phosphotungsic acid background, it

is difficult to ascertain if this material has structural symmetry

or if it is entirely random in configuration. When observed

within the striated component, the filamentous material appears

to have a random "ball of yarn" configuration.

8. Thin section specimens of glutaraldehyde fixed, OSV infected

CHSE-214 monolayers were prepared to investigate the dif-

ference in morphology of virus produced using diluted and undil-

uted virus inoculum. Three types of particles were observed.

OSV-I particles were 188 nm in length by 70 nm in diameter;

OSV-II particles were 118 by 69 nm; and OSV-III particles were

81 by 66 nm. In cells exposed to diluted virus inoculum,
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essentially only OSV-I type particles were observed. In cells

exposed to undiluted virus inoculum, all three types of particles

were observed. OSV-III type particles were found in the great-

est number while OSV-I type particles were found in the least

number. These results indicate that particle morphology was

influenced by the type of inoculum to which cells were exposed.

Under conditions of autointerference (undiluted virus inoculum),

truncated bullet shaped particles were relatively abundant; while

in the absence of autointerfering conditions (diluted virus

inoculum), truncated particles were not observed, and the full

length bullet shaped particles were found in abundance.

9. The development of OSV in CHSE-214 cells exposed to diluted

virus inoculum was investigated using thin section specimens

prepared as above. Virus particles were observed in cyto-

plasmic vesicles and were observed budding through the cell

membrane into the surrounding medium. Observation of control

and virus infected cells indicated that the infected cell nucleus

was "washed out" in appearance and the chromatin material was

aggregated. The nuclear membrane of both the control and

infected cells appeared to be in the same physical condition.

No inclusion bodies were observed in either the cytoplasm or

the nucleus. No virus particles were observed in the nucleus.

10. Partial purification of virus samples included enzyme treatment
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with chymotrypsin and DNase and RNase. Surface projections

were lacking in specimens treated in this manner. Thin sec-

tion specimens were not enzyme treated. In these preparations

projections with an average length of 12 nm were seen extending

radially from the viral envelope.

11. The thermal stability of OSV was investigated in three aqueous

environments: dechlorinated-defluoridated water, Hank' s

balanced salt solution, and distilled water. In each of the

aqueous environments, the virus became more unstable with

increasing temperature. All virus titers at all temperatures

decreased in an exponential manner. The virus appeared to be

more stable in dechlorinated-defluoridated water and distilled

water than in Hank's balanced salt solution.

12. The effect of temperature on OSV infection in kokanee salmon

was investigated. The results indicate that the temperature

range of 12. 2o C to 15. 0oC was optimum for the progress of

infection. As the water temperature was increased to 17. 8oC

and 20. 6oC, the percent mortality would significantly decrease,

and the mean time for death values would increase. As the

water temperature was decreased to 9. 4 oC and 3.9oC, the

percent mortality would increase usually to a very high level,

and the mean time for death (MTD) would increase to often nearly

double the MTD value at 12. 2oC and 15. 0oC. The experiments
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indicated that elevated temperatures, i.e., temperatures above

17. 8oC, retard the development of OSV infection.

13. The antigenic relationship between OSV and Egtved virus, two

fish rhabdoviruses, was investigated by the plaque neutralization

technique using homologous and heterologous virus antiserum.

No neutralization of the heterologous virus was observed with

either antiserum. By this method OSV and Egtved virus

appear to be antigenically unrelated.
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Bojax Mixture

Plastic Mixture:

Catalyst:

APPENDIX A

53 ml Dodecenyl Succinic Anhydride (DDSA)1/

35 ml Araldite 60051/

12 ml Epon 812-2/

one drop per ml of final plastic mixture of

Benzyldimethylamine (BDMA)3/

1/Electron Microscopy Sciences, Fort Washington,
Pennsylvania.

1/Shell Chemical Company, New York, New York.

3/Ernest F. Fullam, Inc. , Schenectady, New York.
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***************************************V.***********4***** ***** *4.4**
*ANOVA12 - ONE/TWO FACTOR ANALYSIS OF VARIANCE. OS-3 VER.3.5
OREGON STATE UNIVERSITY COMPUTER CENTER DATE - 12/05/72
**********************44***********V.****************************44*

PROBLEM I-D; GP4-PT1
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SOURCE OF SS Mc F

EXP TYPE 1 1.773504150E. 04 1.72504150E 04 644.629?_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _

TEMP 2 1.797075465 03 8.985377325 02 33.5774

EXP TYPE X TEMP 2 1.797075465 03 3.93537732E 02 33.5774

ERROR 6 1.60561279E 02 2.67602132E 01

TOTAL 11 2.10051272E 04

SOURCE MEANS

EXP TYPE
(EXP ) (CON )

75.82967 0

TEMP
( 6) ( 4) ( 1)

20.83325 44.04750 48.863.75_____ _ _
EXP TYPE X TEMP

(EXP 6) (EXP 4) (EXP , 1)

41.66E56 83.09500 97.72750
(CON , 6) (CON , 4) (CON , 1)

O

Analysis of Final Percent Mortality Data in Text Table 12. Sockeye Salmon
Virus. in 1.1 Grem Kokanee Salmon.

r = 2; t = 2.45 for P = 0.05; t = 3.71 for P = 0.01; V/26.76 = 5.1730

Least significant difference = 12.67 percent for P = 0.05
LeA9t significant difference = 19.19 percent for P = 0.01



**************************************4****************4 ***********
4ANOVA12 - ON=/TWO FACTOR ANALYSIS OF VARIANCE. OS -3 VER.3.5

OREGON STATE UNIVERSITY COMFUTER CENTER OVIE - 12/13/72
4 ********4********4*******4 ****+*****4 ****************44 444 4444 444

PROBLEM I-0: GP2-PT1

SOURCE DF SS MS

__EXP TYPE 1 4.14403260E_03 4.14403260E_0_3_ :L9.9433

TEMP 4 1.19455647E 03 2.98564117E 02 5.7615

EXP TYPE X TFMF 4 _2.37925942E 03 5.94814856E 02 11.4747

ERROR 10 5.13371753E 02 5.18371758E 31

TOTAL 19 8.23632326E 03

SOURCE MEANS

EXP TYPE

TEMP

(EX? )
33.62970

134-

( 8)

19.56725
( 4)

31.31625

EXP TYPE X TEMF

(CON )
4.83970

( 7)

12.72425
( 6)

9.47125
( 5)

23.09200

(EXP 3) (EXP , 7) (EXP 6) (EXP , 5)

18.75300 22.88450 18.94250 46.18400

(EXP , 4)

61.38250
(CON , 9) (CON 7) (CON , 6) (CON , 5)

20.384E0 2.55400 0 0

(CON , 4)

1.25000

Analysis of Final Percent Mortality Data in Text Table 13. Sockeye Salmon

Virus in 2.9 Gram Kokanee Salmon.

r = 2; t = 2.23 for P = 0.05; t = 3.17 for P = 0.01; 47.78,T= 7.1998

Least significant difference = 16.06 percent for P = 0.05
Least significant difference = 22.82 percent for P = 0.01
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-***********444********m4.********rn******4*********,*************--
,ANOVA12 - ONE/TWC FACTOR A`'ALYSIS OF VARIANCE. CS-3 VER.3.5
OREGON STATE UNIVER.SITY CO'IFUTER CENTER DATE - 12/05/72
***** ********4*********4-*******************************************

PROLE4 I-01 GP1-PT1

SOURCE DF SS mS

EXP TYPE 1 6.31122945E 03 6.31122945E 03 244.5855

TEMP 4 9.72105509E 03 2.43026402E 03 94.1825

EXP TYPE X TEMP 4 1.17204664E 04 2.93011661E 33 113.5538

ERROR 10 2.58037717E 02 2.58037717E 01

TOTAL 19 2.40107897E 04

SOURCE MEANS

EXP TYPE
(EXP ) . (CON )

47.33340 11.80530

TEMP
( 7)

41.20700
( 1)

3.30650

( 5)

51.66653
( 4)

49.16675
( 3)

2.50000

EXP TYPE X TEMP
(EXP , 7) (EXP 5) (EXP 4) (EXP , 3)

33.33350 96.66650 98.33350 3.33350
(EXP , 1)

5.00000
(CON , 7) (CON , 5) (CON , 4) (CON , 3)

49.08150 6.66650 0 1.66650
(EON , 1)

1.61300

Analysis of Final Percent Mortality Data in Text Table 14.
Virus in 0.11 Gram Kokanee Salmon.

r = 2; t = 2.23 for p= 0.05; t = 3.17 for P= 0.01; )7:iTET= 5.0797

Least significant difference = 11.33 Percent for P = 0.05
Least significant difference = 16.10 percent for P = 0.01

Sockeye Salmon
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********v.*******....**********44*************************************
_*ANCVA12 - ON:--/TWO FACTOR Af;ALYSIS OF VAPIANCE.
OREGON STATE UNIVEPSITY COFUTER CENTER CATE - 12/05/72
**i****..**************;,..********44.***%,*************************

SOURCE

EXP TYPE

PROOLEM

DF

I-Of GP3-PT1

SS

313933-12.0.1E_ C.It____:3..3W;1,2LIE

.F

TEMP 5 5.88330104E 02 1.17666021E 02 13.4475

_EXP TYPE. X .TEYF 5. 2.67185564E. 03 5.34371125E 02 ._____61.0710

10 5.74999)51E 01 8L7A999981E 00

TOTAL 21 4.21803058F 04

EXP TYPE
(EXP )

88.78791
(CON )

4.76073

TEMP
(-. 7)

57.01750
( 6)

37.50000
( 5)

46.25000
( 4)

47.50000
i 3) ( 1)

48.75000 48.75000

EXP T~°: x TE4P
EXP , 7) (EXP , 6) (EX° , 5) (EXP , t..)

66.66700 75.00100 90.00000 95.00000
(EXP p 3) (EXP , 1)

97.50000 97.50000
\(CON , 7) (CON , 6) (CON , 5) (CON , 4)

47.36300 0 2.50000 0

(CON , 3) (CON , 1)

0 0

Arelysio of Final Percent Mortality Data in Text Table 16. Sockeye Salnon
Virus in 0.95 Gram Kokanee Salmon.

r = 2; t = 2.23 for P = 0.05; t = 3.17 for P = 0.01; y578.749 = 4.1833

Least significant difference = 9.33 percent for P = 0.05
Least significant difference = 13.26 percent for P = 0.01
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APPENDIX C

One factor analysis of variance of the mean time for death values
in text Table 17.

Example of Computations:

A. Computation of the sample variance

Day of Death (X) (Day of Death)2 (X2)

8 64
8 64
8 64
9 81
9 81

10 100
10 100
11 121
13 169
14 196
14 196
14 196
16 256
17 289
18 324
18 324
18 324
18 324
21 441
21 441

EX = 275 EX
2

= 4155

sample size (n) = 20

degree of freedom (d. f. ) = 19
2sum of the squares of deviation =EX 2 - (EX) /n

Ex2 = 4155 - (275)2/20 = 374

sample variance (s 2 )= Ex2/d. f. = 374/19 = 19.68
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Compilation of Computations

Weight of kokanee fingerlings (gm)

0. 11 0.95 0.94

13, 315 4,904 4, 155EX2
2(EX) /n 12, 740 4, 467 3,781

x2 575 437 374
n 59 38 20
d. f. 58 37 19
s2 9.91 11.81 19.68

B. Computation of the least significant difference between two means:

standard error of the difference between two means from
samples of unequal size (s. e. ):

s. e.
2 /n. + s.2 /n.jj

least significant difference (LSD) = (s. e, ) (probability value of
t*)

The probability value of the t distribution at the
total of the d. f. of the samples compared.

Compilation of least significant difference values SD

(1) Compare MTD of 0.11 gm fish with 0.95 gm fish

d. f. = 95
t = 1.984 for P= 0.05; t= 2.628 for P= 0.01

LSD: 1.37 days for P = 0.05
1.82 days for P = 0.01

(2) Compare MTD of 0.94 gm fish with 0.95 gm fish

d. f. = 56
t = 2.003 for P = 0.05; t = 2.667 for P = 0.01

LSD: 2.28 days for P = 0.05
3.03 days for P = 0.01


