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This thesis describes the viral susceptibility of two cell 

cultures established from embryonic tissue of salmonid 

fish, chinook salmon line CHSE -114 and steelhead trout line STE- 

1 37 . The viruses used were Oregon sockeye salmon virus (OSV), 

Sacramento River chinook disease virus (SRCD), Western equine 

encephalitis virus (WEE) and Newcastle disease virus (ND V) . An 

attempt was made first to determine if the viruses would replicate 

in the cell lines and secondly to determine if they could be carried 

by serial propagation and at the same time become adapted to the 

cultures. The cells were observed microscopically for cytopathic 

effects caused by the viruses. 

OSV replicated and was carried by serial propagation in 

both cell lines, but became adapted only to line CHSE -114. In 

STE -137 cells, the virus caused a thickening of the nuclear 
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membrane and an increase in the optical density of the nucleoli. 

The same cytopathic effects were seen in line CHSE -114 only after 

OSV had become adapted to it. 

SRCD virus replicated and was readily carried by serial 

propagation in both STE -137 and CHSE -114 cells, but did not show 

further adaptation to either line. The cytopathic effects caused by 

this virus were identical to those caused by OSV. 

WEE virus replicated in both cell lines at 26°C. It was car- 

ried by serial propagation, but did not become further adapted to 

either line. CHSE -114 cells showed a marked increase in cell de- 

generation when infected with WEE virus, but no unique cytopathic 

effect was seen. Two new types of vacuole -like structures were 

seen in the cytoplasm of STE -137 cells infected with WEE virus. 

NDV did not replicate in either cell line, nor could it be 

carried by serial propagation. No cytopathic effects were seen in 

either cell line. 
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SUSCEPTIBILITY OF TWO SALMONID FISH CELL LINES TO 
TWO VIRUSES FROM FISH AND TWO FROM 

HOMOTHERMIC ANIMALS 

INTRODUCTION AND LITERATURE REVIEW 

This thesis describes the viral susceptibility of two cell cul- 

tures established from embryonic tissue of salmonid fish, chinook 

salmon (Oncorhynchus tshawytscha(Walbaum)) line CHSE -114 and 

steelhead trout (Salmo gairdneri Richardson) line STE -137. The 

virus used were Oregon sockeye salmon virus, Sacramento River 

chinook disease virus, Western equine encephalitis virus, and New- 

castle disease virus. 

Although attempts to cultivate viruses in vitro using tissue 

cultures were made as early as 1913, it was not until 1949 that En- 

ders, Weller and Robbins (1949) discovered that the Lansing strain 

of poliomyelitis virus, which in vivo was restricted to growth in 

neural tissue, could be cultured in vitro in various human embryonic 

tissues of nonneural origin. This , coupled with the advent of anti- 

biotics, whose use greatly facilitated the preparation and mainten- 

ance of tissue cultures without bacterial contamination and allowed 

isolation of virus from clinical material initially contaminated with 

bacteria, introduced cell cultures as a major tool for viral study 

(Parker, 1961). 

Until the late 1950's, most of the work was done with viruses 
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or cell lines isolated or established from homothermic animals. Be- 

fore the establishment of any permanent cell lines from poikilo- 

thermic animals, Sanders and Soret (1954) were able to cultivate a 

strain of Eastern equine encephalomyelitis virus in embryos of a 

species of Gambusia, a viviparous fish. The embryos were incubated 

at 23- 25o C in Hank's balanced salt solution supplemented with ox 

serum ultrafiltrate. Four days after inoculation, the concentration 

of virus rose 100 fold. 

Because the culture of host tissues offered promise of 

being an effective tool in the study of virus diseases of salmonids, 

Wolf and Dunbar (1957)attempted to develop simple and efficient 

methods for culturing tissues from normal fish. They were able to 

keep tissue explants from three species of trout (Salmo gairdneri, 

S. trutta, and Salvelinus fontinalis) growing for a month or longer 

without transplantation, and goldfish (Carassius auratus) tissue for 

about ten months. Later Wolf et al. (1960) adapted the cell culture 

technique used for in vitro culture of mammalian cells to fish cells. 

Using this method Wolf and Quimby (1962) established the first cell 

line from a cold - blooded animal, line RTG -2, from rainbow trout 

gonad cells. Gravell and Malsberger (1965) established an auton- 

omous line of cells from epithelial tissue of the northern fathead 

minnow(pimephales promelas). To obtain a wider variety of salmo- 

roici cell lines for virus study, Fryer, Yusha and Filcher (1965) 
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attempted to establish cell cultures from embryo tissue of coho 

(O. kisutch (Walbaum)) and chinook salmon and steelhead trout, and 

from rainbow trout hepatoma tissue. Of the five reported cultures, 

all but chinook line TC -152 exist today as permanent cell lines. Two 

of their cell lines, chinook salmon line TC -114 (CHSE -114) and 

steelhead trout line TC -137 (STE -137) were used in the experiments 

discussed in this thesis. 

Several viruses from both homothermic and poikilothermic 

animals have now been studied in cell lines established from poikilo- 

thermic animals. Fauconnier (1962) showed that a kidney cell cul- 

ture from the tortoise Testudo graeca would support replication of 

Newcastle disease virus and parainfluenza I (Sendai) virus, when 

incubated at 37°C. Both viruses also caused cytopathic effects in 

the cells. Shindarov (1962) also obtained growth of Sendai virus in 

these cells. Fauconnier (1963), again using tortoise kidney cells, 

obtained replication of mumps, vaccinia, herpes simplex, rabies, 

and yellow fever viruses when the cells were incubated at either 

33°C or 37°C. 

Rehacek (1965) obtained replication of many group A and 

group B arboviruses, including Western equine encephalitis, on a 

tissue culture from Hyalomma dromedarii Koch ticks. The titer of 

WEE virus increased 104 -105 fold when incubated at 27oC, but the 



4 

cells showed no cytopathic effects. 

Officer (1964) studied the growth of Eastern and Venezuelan 

equine encephalomyelitis viruses in RTG -2 cells. When incubated 

at 22oC, both viruses multiplied in the fish cell line to titers which 

were no more than 10 fold lower than those obtained in chick fibro- 

blast cells. They could be differentiated from each other in the 

fish cells because EEE caused a much more intense cytopathic ef- 

fect than did VEE. Gravell and Malsberger (1965) found that infec- 

tious pancreatic necrosis virus, originally isolated from brook trout, 

and an amphibian virus isolated from monolayer cultures of the 

leopard frog would replicate in fathead minnow cells incubated at 

23oC, but not at 34°C. They also obtained replication of a mamma- 

lian virus, ECHO --11, in FHM cells incubated at 34°C. Beasley 

(1966) found that infectious pancreatic necrosis virus would also rep- 

licate in tissue from a salt -water fish, the blue striped grunt. Wing- 

field (1968) showed that Oregon sockeye salmon virus would repli- 

cate in cell cultures from sockeye salmon, chinook salmon, and 

steelhead trout. 

The experiments reported here fell into one of three catego- 

ries. An attempt was made first to determine if the viruses would 

replicate in the two cell lines, and secondly to determine if they 

could be carried by serial propagation and at the same time become 

adapted to the cultures. Also, the morphology of infected cells was 
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compared to that of normal cells by means of phase contrast micros- 

copy, in order to define any cytopathic effects of virus infection. 

These experiments should confirm the findings of Wingfield 

(1968) reported above and also determine the in vitro specificity of 

another fish virus, Sacramento River chinook disease virus. The 

results of this study may expand the number of cell lines which can 

be used to study these viruses. Replication of Western equine en- 

cephalitis virus or Newcastle disease virus should in itself be of 

interest, because of the wide difference in temperature range be- 

tween fish cells and the normal hosts, mammalian cells. 
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EXPERIMENTAL MATERIALS AND SUPPLIES 

Glassware 

Cells were grown in 150 ml Pyrex milk dilution bottles, 

Leighton tubes, or Kimex glass tubes (75 mm x 12 mm). They were 

diluted during transfer in Pyrex Erlenmeyer flasks. 

All glassware was cleaned by first soaking it in Micros olve 

and water immediately after use for at least one hour. It was then 

scrubbed and soaked again for another hour. After a second scrub- 

bing it was rinsed ten times in tap water, five times in deionized, 

distilled water and allowed to dry. Milk dilution bottles were cap- 

ped with a piece of aluminum foil, flasks with a metal cap and foil. 

They were dry heat sterilized for 12 hours at 110°C. New glass- 

ware was first soaked overnight in 25% sulfuric acid, then washed as 

other glassware. 

Pipettes were cleaned by soaking them at least one hour in 

Microsolve and water, rinsing them ten times with tap water, and 

five times with deionized, distilled water. They were plugged with 

cotton and sterilized by autoclaving 20 min at 1 21°C. 

Rubber 

Bottles and tubes were sealed with white latex rubber stop- 

pers. Cells remaining attached to the glass were scraped off with 
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rubber policemen attached to the end of glass rods. 

All new rubber (stoppers, rubber policemen, and Rose 

chamber gaskets) was boiled 15 min in 0.5 N NaOH, 15 min in 4% 

HC1 and 15 min in Microsolve and water. It was then rinsed ten 

times in tap water, heated to boiling in deionized, distilled water, 

and rinsed five times in deionized, distilled water. Used rubber was 

washed by the same procedure as glassware. All rubber was ster- 

ilized by autoclaving 20 min at 121°C. 

Cell Cultures 

The experiments were performed on cell lines CHSE- 114 and 

STE -137. Two other lines, CHSE -214 and SSE -5, were employed 

in the titration of the fish viruses. The four cell lines are described 

in Table 1. 

Table 1. A description of four salmonid cell lines. 

Cell line Source Date Age in mo. No. of 
started by 3/1968 transplants 

by 3/1968 

CHSE -114 

STE -137 

CHSE- 214 

SSE -5 

whole embryo 
chinook salmon 

whole embryo 
steelhead trout 

whole embryo 
chinook salmon 

whole embryo 
sockeye salmon 

1/1963 87 66 

6/1963 82 62 

10/1964 42 53 

10/1965 30 at least 25 
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Viruses 

Oregon Sockeye Salmon Virus (OS V) 

The sockeye salmon virus was isolated from the kidney homo- 

genate of 100 juvenile sockeye salmon at the Oregon Fish Commis- 

sion's Willamette River Hatchery in the fall of 1958 by John L. Fryer. 

The homogenate was mixed with sterile skim milk, lyophilized, and 

stored at -60oC. Virus from this homogenate was passed several 

times on sockeye salmon embryonic cells, and frozen in tissue cul- 

ture fluid at -60°C. Stock virus for this experiment was prepared by 

adding 0. 5 ml of the thawed virus sample to 8. 0 ml medium in a 

bottle of SSE -5 cells. This was incubated at 18oC for five days. The 

medium was then removed and centrifuged for 10 min at 130 x g to 

remove any cells. The supernatant was dispensed in 0. 5 ml quan- 

tities in roller tubes, and stored at -60°C. The virus concentration 

was 105' 6TCID50 /ml. 1 

Sacramento River Chinook Disease Virus (SRCD) 

This virus was originally obtained from tissue taken from 

young king salmon during an epizootic at the Coleman National Fish 

1 TCID50 (50% Tissue Culture Infective Dose) - The amount of virus 
which will infect exactly half of the cultures, as determined 
microscopically by the appearance of cytopathic effects. 
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Hatchery in the spring of 1965. The laboratory of the California 

Fish and Game Department received the virus from the Western 

Fish Disease Laboratory in September, 1966, and it carried it in 

chinook embryonic cells. The virus we received from them in 

June, 1967 had been frozen in tissue culture fluid at -85°C since 

March, 1967. 

Stock virus for the experiments reported here was prepared 

by adding 0. 2 ml of the thawed virus sample to 8. 0 ml of complete 

medium in a bottle of CHSE -214 cells. This was incubated at 10oC 

for five days. The medium was then removed and centrifuged 10 min 

at 130 x g. The supernatant was dispensed in 0.5 ml quantities in 

roller tubes, and stored at -60°C. The virus concentration was 

104.8 TCID50/ml. 

Western Equine Encephalitis Virus (WEE) 

The WEE virus used was the California strain, isolated from 

horse brain in 1938 by K. F. Meyer and B. F. Howitt at the Hooper 

Foundation of the University of California Medical Center. It was 

obtained in 1952 from Cutter Laboratories, and had been passed an 

unknown number of times in mouse brain, guinea pig brain, and 

chick embryos. Stock virus for this experiment was prepared from 

minced, infected chick embryo, stored two years at -60°C. One 

ml of Eagle's MEM was added to a fragment of the embryo in a 
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roller tube. The tissue was ground with a sterile glass rod and the 

tube centrifuged 10 min at 130 x g. One tenth ml of the supernatant 

was inoculated into the allantoic cavity of several 10 day old chick 

embryos. The eggs were incubated 48 hours at 35°C. The embryos 

were then aseptically removed from the shell, minced with scalpels, 

and dispensed in roller tubes in approximately two ml quantities. 

These were stored at -60°C. The virus concentration was 106. 
4 

CEID50 / ml. 2 

Newcastle Disease Virus (NDV) 

This virus was obtained from the veterinary science depart- 

ment of Oregon State University and has been passed an unknown 

number of times in chick embryos. Stock virus for this experiment 

was prepared from a sample of allantoic fluid, frozen three years 
o 

at -60 C. This was thawed and 0. 1 ml was injected into the allan- 

toic cavity of several 10 day old chick embryos. The eggs were in- 

cubated 48 hours at 35°C. Allantoic fluid was aseptically removed 

from the eggs and centrifuged 20 min at 1200 x g. The supernatant 

was dispensed in 0.5 ml quantities in roller tubes and stored at 
0 6, 8 -60 C. The virus concentration was 10 CEID50 /ml. 

2 
CEID50 (50% Chick Embryo Infective Dose) - The amount of virus 
which will kill exactly half of the infected embryos. 
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Media 

Cells were grown in a medium, hereinafter called complete 

medium, of the following composition: 78.6 ml Eagle's Minimum Es- 

sential Medium (MEM), less glutamine (Eagle, 1959); 20.0 ml 

agamma newborn calf serum (Hyland Laboratories); 1.0 ml L- 

glutamine (200mM) (Microbiological Associates, Inc. ); 0.4 ml 

Mycostatin (nystatin, Squibb), 1 2, 500 units /ml dispensed in MEM; 

and 1. 0 ml antibiotic solution containing penicillin G, U.S. P. 

(Nutritional Biochemicals Corporation), and streptomycin sulfate, 

U.S. P. (Nutritional Biochemicals Corporation), dispensed in MEM 

at a concentration of 10,000 units /ml and 10,000 µg /ml respectively. 

This medium could be stored at 10 °C for three days. 

Eagle's MEM was prepared as follows: 375 ml Earle's 

Balanced Salt Solution (BSS) (Earle, 1943); 8. 0 ml essential amino 

acids (50X); 4. 0 ml nonessential amino acids (100X); 4. 0 ml sodium 

pyruvate (100mM); and 4.0 ml vitamin mixture (100X). The last 

four solutions were obtained from Microbiological Associates, Inc. 

The pH of the MEM was adjusted to 7. 2 -7, 4 by adding 6. 5 ml of a 

10% solution of sodium bicarbonate. MEM could be stored for two 

weeks at 10 °C. 

Earle's BSS was prepared at a 10X concentration, adding 

everything but glucose. This was stored in 400 ml quantities at 
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-20°C. For use, 4,0 g glucose was added to the thawed stock solu- 

tion, and it was diluted to four liters with double distilled water. 

The 1X solution was dispensed in 375 ml quantities and sterilized by 

autoclaving at 1 21 oC for 15 min. A more detailed description of the 

medium is given by Fryer (1964). 

Trypsin 

Cells were removed from the glass with a solution of 0. 2% 

trypsin. This was prepared by adding 2. 0 g powdered trypsin 

(1:250) (Difco) to 100 ml of 10 XGKN (80 g NaCl, 4.0 g KC1, and 

10.0 g glucose, diluted to one liter with double distilled water), and 

6. 0 ml of a 0. 2% solution of phenol red in a one liter volumetric 

flask. The flask was filled 2/3 full with double distilled water and 

placed on a rotary shaker until the trypsin had dissolved. The pH 

of the solution was adjusted colorimetrically to 7.4 with crystal- 

line NaHCO3, and it was diluted to one liter with double distilled 

water. This solution was sterilized through a Seitz filter, dispensed 

in 100 ml quantities and stored at -20°C. 

Seitz filters were treated by washing with 100 ml of 1% acetic 

acid, 100 ml of 1% NaHCO3, and finally with double distilled water 

until the pH of the filtrate was neutral. They were sterilized by 

autoclaving at 1 21 °C for 15 min. 



13 

EXPERIMENTAL METHODS 

Growth of Stock Cultures 

Stock cultures of cells were grown in 150 ml milk dilution 

bottles until a good monolayer had formed. They were then transferred 

to new bottles by the following procedure. The old medium was 

removed by suction. Four ml of a O. 2% trypsin solution were added 

and left on the cells until they had detached from the glass, about 20 

min. Cells that would not detach were scraped off with a rubber 

policeman. The trypsin -cell suspension was transferred to a 50 ml 

glass centrifuge tube capped with aluminum foil, and centrifuged for 

10 min at 130 x g. The trypsin was decanted from the tube and five 

ml of complete medium were added to the cell pellet. The cells 

were triturated through a 10 ml pipette until well dispersed. Cells 

were diluted with complete medium to a concentration of 3 to 5 x 105 

cells /ml, and eight ml of this dilution was added to a sterile bottle. 

The bottle was sealed with a rubber stopper and aluminum foil. A 

sterility test was done on the cell suspension as described below. 

Cell lines CHSE -114, STE -137, and CHSE -214 were incubated at 

23oC, line SSE -5 at 18oC. The medium in stock culture bottles was 

changed after ten days of incubation. 

All sterility tests were done in thioglycollate broth (Difco), 

dispensed in tubes in 10 ml quantities. One tenth to one ml of the 



14 

solution to be tested was added, and the tube was incubated at 25°C 

for seven days or 35°C for three days. 

Virus Experiments 

All tests for viral susceptibility and adaptation were done in 

Leighton tubes. The cell suspension was prepared in the same man- 

ner as for stock cultures, and one ml of cell suspension containing 

3 to 5 cells /ml was added to each tube. The tubes were sealed with 

rubber stoppers and aluminum foil, and incubated at the same tem- 

peratures as the stock cultures until a good monolayer had formed. 

Sockeye virus was prepared for inoculation by first centri- 

fuging the thawed stock virus for 20 min at 1200 x g to remove par- 

ticulate matter and agglutinated virus. The supernatant was diluted 

with complete medium to a concentration of approximately 102. 
5 

TCID50 /ml. The old medium was removed from two Leighton tube 

cultures of cell line CHSE -114 and two of line STE -137. One ml 

of the diluted virus suspension was added to each tube and they were 

incubated at 18oC for five days. A virus titration was done at the 

time of inoculation on the diluted virus suspension and on day 5 on 

the culture fluid from the Leighton tubes. Leighton tubes of SSE -5 

cells were inoculated in the same way, incubated and used as con- 

trols. The virus fluids from all three cell lines were titrated in 

the following way. 
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Titer tubes for OSV were prepared by adding 0. 5 ml of a 

suspension of SSE -5 cells containing 3 to 5 cells /ml to 75 mm x 12rr n 

Kimex glass tubes. These were plugged with sterile rubber stoppers 

and incubated at 18oC until a good monolayer had formed. On day 0, 

tenfold dilutions of virus inoculum were made in complete medium. 

For each dilution, the old medium was removed from five titer tubes 

and 0. 5 ml of the diluted virus was added. The tubes were incubated 

at 18oC and checked microscopically for cytopathic effects at seven 

days, the time at which experience had shown that the maximum 

number of tubes showed such effects. The number of infected tubes 

at each dilution was taken as the number showing cytopathic effects. 

Sterility tests were done on the highest and lowest dilutions. Virus 

concentration in TCID50 /ml was calculated by the formula of Reed 

and Muench (1938). On day 5, the culture fluids from each set of 

two Leighton tubes were pooled and centrifuged at 1200 x g for 20 

min. The supernatant was diluted and titrated as on day 0. 

To determine if the virus could be propagated in series in 

the cell cultures and at the same time become adapted to them, 

virus fluid was taken from infected cells on day 5 and diluted 1:10 

with fresh medium. One ml of this dilution was added to new Leighton 

tubes of the same cell line (e. g. virus from STE -137 cells was added 

to tubes of STE -137 cells). This dilution and transfer was done a 

total of four times at five day intervals, so the virus was carried 
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through five culture passages. The virus was titrated on days 0 and 

5 in the first culture of the series and again in the last culture. 

When it became evident from a decrease in virus titer that the cells 

might be producing noninfective virus, greater dilutions were used 

for the inoculation of the next series of cultures. Virus fluids from 

lines STE-137 and SSE -5 were diluted 1:10,000 between each trans- 

fer. Fluids from line CHSE -114 were diluted 1:10 for the first 

three transfers, and 1:1,000 for the last transfer. The virus was 

titrated as before. 

SRCD virus was prepared for inoculation in the same man- 

ner as the sockeye virus. Stock virus was diluted to a concentra- 
3.5 tion of approximately 10 TCID50 /ml in complete medium. The 

old medium was removed from two Leighton tube cultures of CHSE- 

114 and two of STE -137 cells. One ml of the diluted virus suspen- 

sion was added to each tube and they were incubated at 10°C for ten 

days. The virus was titrated on days 0 and 10 by the same method 

used for the OSD virus. Titer tubes of CHSE -214 cells were inocu- 

lated with the virus dilutions, incubated at 10°C for seven days and 

checked microscopically for cytopathic effects. Virus concentra- 

tion was calculated by the Reed - Muench formula. 

To determine if SRCD virus could be propagated in series 

in the cell cultures and become adapted to them, virus fluid was 

taken from the infected cells at 10 days and diluted 1 :1 , 000 with 
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complete medium. One ml of this dilution was added to new Leighton 

tubes of the same cell line. This dilution and transfer was done a 

total of four times at ten day intervals, to give a series of five cul- 

ture passages. The virus was titrated on days 0 and 10 in the fluids 

of the first and last cultures in the series. 

NDV was prepared for inoculation in the same manner as 

OSV. The virus was diluted with complete medium to a concentra- 

tion of approximately 10 CEID50 
3. 5 /ml. One ml of the diluted virus 

suspension was added to two Leighton tube cultures of CHSE -114 and 

two of the STE -137 cells. The tubes were incubated at 23°C. A 

second set of Leighton tube cultures was inoculated and incubated 

at 26°C. Virus from both groups was titrated on days 0, 2, and 7. 

To test the viability of the NDV, a control set of HeLa cell cultures 

was also inoculated. These were incubated at 35°C, and the virus 

was titrated at 0 and 2 days. 

To titrate NDV, tenfold dilutions of the virus were made in 

complete medium. For each dilution, 0. 1 ml was inoculated into 

the allantoic cavity of five chick embryos, 9 -11 days old. The eggs 

were incubated at 35°C and candled at 3 and 4 days to observe death 

of the embryos. For each dead embryo, it was assumed that at 

least one infectious dose of virus had been present in the 0.1 ml of 

inoculum. The virus concentration was calculated by the Reed 

Muench formula. 
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To determine if serial propagation of the virus and adapta- 

tion were possible, virus fluid was taken from infected cells at five 

days and diluted 1:2 with complete medium. One ml of this dilution 

was added to new Leighton tubes of the same cell line. After five 

days incubation, a similar dilution and transfer was made to a new 

set of cell cultures. Transfers were repeated a total of four times 

at five day intervals. The virus was titrated the day of inoculation 

and again after five days incubation in the first cultures of the series 

and on the same days in the last set of subcultures. 

WEE virus was prepared for inoculation by triturating the 

infected minced embryo in a 1.0 ml pipette with one ml of medium and 

centrifuging it 20 min at 1 200 x g. The supernatant was diluted with 

complete medium to a virus concentration of approximately 103CEID50 

/ml. One ml of the virus suspension was added to two Leighton tube 

cultures of CHSE -114 and two of STE -137 cells. The tubes were 

incubated at 23oC. A second set of Leighton tube cultures was in- 

oculated and incubated at 26°C. Virus from both groups was titrated 

on days 0, 2, and 7. To test the viability of the WEE virus, a con- 

trol set of chick fibroblast cells was inoculated and incubated at 

35oC. The virus was titrated at days 0 and 2. 

WEE virus was titrated in 9 to 11 day chick embryos by the 

same procedure used with NDV. The eggs were candled at 2 and 

3 days to observe death of the embryos. Virus concentration was 
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calculated by the Reed - Muench formula. 

To determine if WEE virus could be propagated serially in 

the cell cultures and become adapted to them, virus fluid was taken 

from infected cells after five days incubation. Virus from line 

STE -137 was diluted 1:1,000 with complete medium; virus from line 

CHSE -114 was diluted 1:10,000. One ml of this dilution was added 

to new Leighton tubes of the same cell line. Serial transfers were 

made in this manner a total of four times at five day intervals. The 

virus was titrated on the day of inoculation and again after five days 

incubation in the first cultures of the series and on the same days 

in the last set of subcultures. 

Photography 

Cell growth and formation of cytopathic effects were observed 

with phase contrast microscopy. Rose chambers were filled with a 

cell suspension containing 2 to 3 x 105 cells /ml in complete medium. 

They were incubated at the same temperature as the stock cultures 

until the cells had flattened out and attached to the glass. Old 

medium was then withdrawn and the chambers were refilled with a 

virus suspension of the same concentration as used in the original 

inoculum of the replication experiments. Chambers containing 

OSV were incubated at 18°C, SRCD virus at 10°C, WEE and NDV 

at 26oC. A control chamber filled with normal cells in complete 
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medium was incubated at each temperature. In addition to the stock 

OSV, a chamber of CHSE -114 cells was also inoculated with virus 

which had been passed five times in CHSE -114 cells. OSV was also 

inoculated into SSE -5 cell chambers, incubated at 18°C, and WEE 

and NDV were inoculated into HeLa cell chambers, incubated at 

35oC. Rose chambers were photographed daily until the cells showed 

a maximum cytopathic effect. 
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RESULTS 

Oregon sockeye salmon virus was the first one to be tested. 

When the virus was inoculated in cell lines SSE -5 and STE -137, the 

titer increased 103 and 104 fold in five days (Table II). On line 

CHSE -114, the titer increased about 10 fold in two experiments, and 

remained constant in the third. 

Table II. Replication of Oregon sockeye salmon virus in three 
salmonid cell lines at 18 °C. 

Cell line 
Days of 

incubation 

Log of TCID50 /0.5 ml 
Experiment number 

1 2 3 

STE -137 0 2. 6 2. 5 2. 8 
5 6. 2 6.2 5.6 

CHSE -114 0 2. 6 2. 5 2.8 
5 3.8 3.4 2. 8 

SSE -5 0 2. 6 2. 5 2. 8 
5 6. 8 6. 3 6. 2 

When OS V was serially propagated through five cultures 

(Table III), the concentration of virus from lines SSE -5 and STE -137 

increased more than 105 fold on the first passage, and about 104 

fold on the fifth. The day 5 titer from the fifth culture was not sig- 

nificantly greater than that of the first passage in either line. The 

titer of virus in line CHSE -114 increased only 30 fold in the first 

culture, but 700 fold in the fifth. Although the day 0 titers of both 

passages were the same, the day 5 titer of the fifth culture was 
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fifty times higher than that of the first culture. 

Table 111. Serial propagation a 
of Oregon sockeye salmon virus in 

three salmonid cell lines through five cultures at 18°C. 

Cell line 
Days of 

incubation 

Log of TCID50 /0.5 ml 
First Fifth 

culture culture 

STE -137 0 1. 2 3.5 
5 >6.0 7.4 

CHSE-114 0 2. 6 2. 6 

5 3.8 5. 2 

SSE -5 0 1. 2 2.5 
5 >6. 0 6. 6 

a 
Virus from cell lines STE -137 and SSE -5 was diluted 1016 
fold from the initial inoculum to the fifth culture. Virus 
from line CHSE -114 was diluted 106 fold during the same 
period. 

These results show that OSV replicates in all three cell lines, 

but that the yield is slightly lower in line CHSE -114, even after five 

passages. The virus can be carried by serial propagation in all 

lines, but becomes adapted only to line CHSE -114. 

Under phase contrast microscopy, SSE -5 cells infected with 

OSV in Rose chambers showed cytopathic effects after two days of 

incubation (Figure 3). These effects include an apparent thickening 

of the nuclear membrane and an increase in the optical density of the 

nucleoli. Although there were many localized patches of cells 

showing these effects by day 6,there were also many areas in which 
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all the cells appeared normal. By day 5, some cells had begun to 

round up and detach from the glass (Figure 4). The control SSE -5 

cells, which were not exposed to virus, showed no changes (Figures 

1 and 2). 

The same effects were seen in STE -137 cells (Figure 7). The 

virus again tended to form plaques and even at the end of ten days 

there were still many normal cells on the slide. Both infected and 

uninfected cells showed increased granularity and vacuolization as 

they aged. 

CHSE -114 cells which were exposed to stock OSV failed to 

show any apparent changes after seven days of incubation. However, 

when they were exposed to virus which had been passed five times 

on CHSE -114 cells, the same cytopathic effects that were seen in 

the other two lines appeared. This was again evidence of the adapta- 

tion of OSV to CHSE -114 cells. 

Both cell lines also supported replication of SRCD virus. 

The virus titer increased about 10 
3 fold in STE -137 cells in two ex- 

periments and 10 fold in another. In CHSE -114 cells, the increase 

was about 10 fold in two experiments and almost 103 fold in the third 

( Table IV). 
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Table 1V. Replication of Sacramento River chinook disease virus 
in two salmonid cell lines at 10 °C. 

Cell line 
Days of 

incubation 

Log of TCID50 /0. 5 ml 
Experiment number 

1 2 3 

STE -137 0 3.2 4.5 3.8 
5 6.2 5.5 7.3 

CHSE-114 0 3.2 4.5 3.8 
5 4.8 5.5 6.5 

When SRCD virus was serially propagated through five cul- 

tures of CHSE -114 cells (Table V), the increase in titer in the fifth 

culture was about the same as the increase in the first culture. 

The virus titer of the fifth passage on day 5 was the same as that of 

the first passage, indicating that although the virus replicated in the 

cells, it did not become further adapted to them. Similar results 

were obtained when SRCD virus was cultured in STE -137 cells. 

Table V. Serial propagationa of Sacramento River chinook disease 
virus in two salmonid cell lines through five cultures at 
10 °C. 

Cell line 
Days of 

incubation 

Log of TCID50 /0.5 ml 
First Fifth 

culture culture 

STE -137 0 3.8 3.4 
5 7.3 7.2 

CHSE-114 0 3.8 4.3 
5 6.5 6.5 

aVirus from both cell lines was diluted 1012 fold from the initial 
inoculum to the fifth culture. 



25 

Cytopathic effects, resembling those seen with OSV, appeared 

in both cell lines (Figure 8). After two to three days of incubation, 

the infected cells appeared to have a thickening of the nuclear mem- 

brane and an increase in the optical density of the nucleoli. By day 

8 almost all cells showed these effects, but very few had detached 

from the glass. 

Western equine encephalitis was the first virus from a homo- 

thermic animal to be tested. When the cells were incubated at 23oC, 

the virus titer from both lines either remained constant or increased 

about 10 fold by day 7 (Table VI). At 26°C the reaction was quite 

different. The titer increased 1000 fold on both cell lines by day 2. 

By day 7, it had increased 104 fold on line STE -137 and almost 106 

fold on line CHSE -114. When WEE virus was incubated for three 

days in chick embryo fibroblast cells at 35oC, the concentration in- 

creased 104 fold. 

When WEE virus was serially propagated through five cultures 

of STE -137 cells (Table VII), the increase in titer on both the first 

and fifth cultures was 102.5 to 103' S fold. The day 5 titer of the 

fifth passage was not higher than that of the first passage. Similar 

results were obtained when the virus was cultured in CHSE -114 

cells, indicating that WEE virus replicates and can be carried by 

serial propagation in both cell lines, but that it does not become 

further adapted to either line during the five transfers. 
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Table VI. Replication of Western equine encephalitis virus in two 
salmonid cell lines and chick embryo fibroblasts 

Cell line 
Days of 

incubation 

Log of CEID50 /0. 1 ml 

23 °C 26 °C 
Exp. 1 Exp. 2 

35 °C 

S TE-137 0 1.6 2.8 . 1.4 
2 1.6 4.7 
7 1.8 4.0 5.3 

14 3.3 

CHSE-114 0 1.6 2.8 1.4 
2 2.0 4.6 
7 3.2 2.8 7.8 

14 3.3 

Chick 0 1.2 
Fibroblasts 3 5.2 

Table VII. Serial propagationa of Western equine encephalitis virus 
in two salmonid cell lines through five cultures at 26 °C 

Cell line 
Days of 

incubation 

Log of CEID50 /0. 1 ml 

First Fifth 
culture culture 

STE -137 0 3.3 1.5 
5 5.8 4.9 

CHSE-114 0 3.3 2.5 
5 6.0 5.8 

aVirus from STE -137 cells was diluted 1012 fold from the original 
inoculum to the fifth culture. Virus from line CHSE -114 was 
diluted 1016 fold during the same period of time. 

Cytopathic effects were seen in both cell lines. For the first 

two days there were no obvious differences between infected and 
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uninfected STE -137 cells. By day 3, the infected cells showed 

several changes. The cells began to separate, instead of growing 

close together in the monolayer. Two new structures appeared in 

the cytoplasm (Figures 9 and 10). The first was small and circular 

with a definitely defined perimeter. The second was a large group 

of small, vacuole -like bodies. The percent of cells containing these 

structures increased through day 6. By day 5, many infected cells 

had degenerated and detached from the glass. The control still had 

a good monolayer. Both infected and uninfected cells showed an in- 

crease in granulation and vacuolization as they became older. 

CHSE -114 cells also showed a reaction to WEE virus. By 

day 3 some cells had begun to round up and detach from the glass. 

This became very apparent by day 5, although there were still a 

few normal cells remaining (Figures 13 and 14). By day 7, almost 

all of the cells were off the glass. The cytoplasmic structures seen 

in WEE - infected STE -137 cells were not apparent in CHSE -114 cells. 

Uninfected cells had begun to degenerate by day 5, but there were 

still many normal cells on the glass by day 7 (Figures 11 and 12). 

WEE virus caused cytopathic effects on HeLa cells which 

were similar to those seen in CHSE -114 cells. After two days incu- 

bation at 35 °C, many infected cells had begun to round up and detach 

from the glass, and by day 4 only a very few cells remained, some 

of which appeared normal. The cytoplasmic structures seen in 
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STE -137 cells were not apparent here. A few vacuoles were seen 

in both infected and uninfected HeLa cells. 

Results of replication experiments with NDV were very dif- 

ferent from those with WEE virus. At both 23°C and 26oC the virus 

titer remained constant for at least two days, then dropped 10 to 100 

fold after seven days of incubation (Table VIII). Virus from both 

cell lines showed this decrease. When infected HeLa cells were in- 

cubated for three days at 35°C, the titer increased about 103'5 fold. 

Table VIII. Failure of Newcastle disease virus to replicate in two 
salmonid cell lines 

Cell line 
Days of 
incubation 23oC 26oC 

0 

Log of CEID50 /0.1 ml 

STE -137 

CHSE-114 

3.4 3.6 
2 3.3 3.7 
7 1.8 2.5 

0 3.4 3.6 
2 3. 4 3. 7 
7 2.4 2.6 

An attempt to carry the virus by serial propagation was no 

more successful, as seen in Table IX. By the end of the fifth cul- 

ture, there was almost no infective virus remaining in either cell 

line. 
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Table IX. Attempted serial propagationa of Newcastle disease 
virus in two salmonid cell lines through five cultures 
at 26°C. 

Cell line 

Log of CEID50/ 0. 1 ml 
Days of First Fifth 

incubation culture culture 

STE -137 0 4.5 < 1.0 
5 2.2 0.3 

CHSE-114 0 4.5 <1.0 
5 2.8 <0.0 

a Virus from both cell lines was diluted 16 fold from the initial 
inoculum to the fifth culture. 

These results indicate that NDV does not replicate on either 

cell line. Photographs of Rose chamber cultures support the exper- 

iments. The morphology of STE-137 cells exposed to NDV did not 

differ from that of the unexposed cells. Both showed an increase 

in granulation and slight vacuolization as they became older. The 

only difference observed between them was in the growth of the cells. 

By day 6, the unexposed cells had multiplied over the Rose chamber 

cover glass to form an almost complete monolayer, while cells 

exposed to NDV remained in the small groups originally seen on 

day 0, and did not continue to divide. 

When NDV was inoculated in cultures of CHSE -114 cells, a 

few cells began to round up by day 3. Vacuoles also appeared in 

the cytoplasm, becoming more numerous as the cell cultures be- 

came older. From day 4 through day 7 degeneration continued 
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and some cells detached from the slide, but there were still many 

normal cells remaining. About day 5, the control cells that had not 

been exposed to virus began to show the same changes, and by day 

7 they did not differ from the exposed cells. Both showed an in- 

crease in granulation as they became older. 



Figure 1. Line SSE -5 cells, photographed immediately before inoc- 
ulation of virus. Magnification approximately 490 x. 

Figure 2. Normal SSE -5 cells in an uninoculated control culture 
on day 4. Magnification approximately 490 x 

Figure 3. 

Figure 4. 

Line SSE -5 cells, photographed three days after inoc- 
ulation with OSV. The obvious cytopathic effects are 
a thickening of the nuclear membrane and an increase 
in the optical density of the nucleoli. Magnification 
approximately 490 x. 

Line SSE -5 cells, photographed six days after inoc- 
ulation with OSV. Cells still show the abnormal 
changes in the nucleus as in Figure 3, and many 
have begun to round up and detach from the glass. 
Magnification approximately 490 x. 
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Figure 5. Line STE -137 cells, photographed immediately before 
virus inoculation. Magnification approximately 490 x. 

Figure 6. Normal STE -137 cells in an uninoculated control 
culture on day 6. Magnification approximately 490 x. 

Figure 7. The cytopathic effects of OSV in line STE-137 cells, 
as seen three days after inoculation of virus. There 
is a thickening of the nuclear membrane and an increase 
in the optical density of the nucleoli. Magnification 
approximately 490 x. 

Figure 8. Line STE -137 cells, photographed two days after 
inoculation with SRCD virus. The same cytopathic effects 
seen in OSV inoculated cells (Figure 7) are apparent 

here. Magnification approximately 490 x. 
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Figure 9. Line STE -137 cells, photographed four days after 
inoculation with WEE virus. Two new structures 
are seen in the cytoplasm: A) a small, circular body 
with a definitely defined perimeter, and B) a large 
group of small, vacuole -like bodies. Magnification 
approximately 1270 x, 

Figure 10. Line STE -137 cells as seen five days after inocu- 
lation with WEE virus. Both of the structures seen in 
Figure 9 are again apparent in the cytoplasm: A) small, 
single bodies, and B) two large groups of small bodies. 
Magnification approximately 1 270 x. 
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Figure 11. Line CHSE -114 cells, photographed immediately before 
inoculation of virus. Magnification approximately 490 x. 

Figure 12. Line CHSE -114 cells in an uninoculated control culture 
on day 5. Vacuolization has occurred and several cells 
have begun to round up. Magnification approximately 
490 x. 

Figure 13. Line CHSE -114 cells, photographed three days after 
inoculation with WEE virus. Cells have started to 
degenerate and round up. Magnification approxi- 
mately 490 x. 

Figure 14. Destruction of CHSE -114 cells by WEE virus, as seen 
five days after inoculation of virus. Magnification 
approximately 490 x. 
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DISCUSSION 

Experiments with OSV indicate that it will replicate giving 

high virus yields in STE -137 cells and much lower yields in CHSE- 

114 cells. However, after five subcultures in the latter line, it 

became adapted and gave high yields there too. Wingfield (1968) 

also found that the virus would replicate in these cell lines, but in 

his experiments the virus titer from the first cultures in CHSE -114 

cells increased more than 100 fold, while in these experiments there 

was little more than a 10 fold increase. Although after the virus 

had become adapted to CHSE -114 cells, it gave the same increase 

in titer that Wingfield obtained. 

The difference between these and Wingfield's results may 

have been caused by either a change in the virus or the cells. The 

fact that OSV will adapt to CHSE -114 cells indicates that the stock 

virus was not homogeneous. There may have been a mutation in 

the virus since Wingfield studied it that allowed the mutant to repli- 

cate better than the original virus in sockeye cells. If so, most of 

the virus in the stock samples which had been cultivated in sockeye 

cells might have been of the mutant variety. Assuming that the 

mutant would not replicate in CHSE -114 cells, then the concentra- 

tion of the original virus could increase during serial propagation 

in these cells. After several passages, the concentration of the 

. 
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original virus would be high enough to show an increase in titer. 

Such an increase was seen when OS V was serially propagated in 

CHSE -114 cells. 

The same results could also be obtained through a change in 

the cells themselves, instead of in the virus. A mutation may have 

lowered the susceptibility of CHSE -114 cells to most of the OSV, 

therefore allowing replication of only a small fraction of the virus 

in the sample. Again, serial propagation in CHSE -114 cells would 

have allowed the concentration of this fraction to increase. 

SRCD virus and OSV caused identical cytopathic effects in 

both cell lines. This might indicate that their processes of replica- 

tion are similar or even that they belong to the same virus group. 

The change in nuclear structure might also indicate that at least 

one phase of replication is in the nucleus. 

Viral susceptibility of cells grown in tissue culture cannot 

be used as a guide to the in vivo susceptibility of the animal. Par- 

isot (1965) was not able to produce any mortalities in chinook salm- 

on exposed to OSV, while these experiments have shown that it will 

replicate in chinook salmon cells in tissue culture. However, SRCD 

virus can experimentally infect live steelhead (Parisot, 1965), as 

well as steelhead cell cultures. 

Sanders and Soret (1954) and Officer (1964) were able to 



41 

cultivate EEE and VEE viruses in poikilothermic tissues at temper- 

atures between 22oC and 25oC. Rehácek (1965) obtained multipli- 

cation of WEE in tick tissue at 27°C. The replication of WEE virus 

on both STE -137 cells and CHSE -114 cells was therefore not unex- 

pected. There is a question of why it should replicate so well at 

26°C, but very little or not at all at 23°C, a decrease of only three 

degrees. Since 26oC is closer to the normal temperature of the 

hosts of this virus, it's possible that all enzymes necessary for 

viral replication are still active at this temperature, but that at 

least one of them is inactivated when the temperature is lowered to 

23oC. The cells may also have produced an interferon -like sub- 

stance at 23oC, which inhibited viral replication. The shift to 26oC 

might have affected the cell metabolism enough to interfere with 

production of such a substance. It is interesting to note that CHSE- 

114, the line most affected by the increase in temperature (as shown 

by the fact that STE -137 cells appear normal after seven days at 

26°C., but CHSE -114 cells are degenerating), is also the line in 

which the virus seems to replicate best. 

Morgan, Howe and Rose (1961) studied the cytopathic effects 

caused by WEE virus in several mammalian cell lines. They found 

that the earliest recognizable lesions in these cells were walled 

vacuoles surrounded by dense particles. They suggested that the 

membranes of these vacuoles were formed de novo in the cytoplasm 
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of the cells, and that the particles were a virus precursor. These 

precursors seemed to cross the membrane and enter the vacuole, 

acquiring an outer coat and becoming a complete virus particle in 

the process. Vacuoles such as these might have been the structures 

that appeared in the cytoplasm of STE -137 cells infected with WEE 

virus (Figures 9 and 10). Sections of these virus infected cells 

could be studied by electron microscopy to determine if the struc- 

tures have the same function as the vacuoles seen by Morgan et al. 

Since these experiments have shown that WEE virus can be 

serially propagated in fish cells at 26 °C, it would be interesting to 

see if propagation through 50 to 100 cultures would in any way pro- 

duce an altered virus. Perhaps such propagation would lower the 

virulence of the virus to homothermic animals or cells to such an 

extent that it could be used as an immunizing agent. It might even 

change it enough to allow replication at 23 °C in fish cells. 

NDV did not appear to replicate in either cell line. Since it 

will multiply in a wide variety of homothermic cell cultures - chick 

embryo fibroblasts, human heteroploid, primary simian and bovine 

renal epithelium (Horsfall and Tamm, 1965) - as well as in tortoise 

kidney cells at 37 °C(Fauconnier, 1962), its failure to replicate 

in fish cells was probably not the result of host cell specificity. If 

NDV inhibits cell replication, as was seen in gross observation of 

the Rose chambers, then it's probable that the virus does enter the 
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cell and interferes with some part of its metabolism. Experiments 

comparing the growth curves of cells exposed to the virus with 

curves of unexposed cells would have to be done to completely estab- 

lish that NDV inhibited cell mutliplication. 
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SUMMARY AND CONCLUSIONS 

The ability of two viruses from fish and two from warm-blood- 

ed animals to replicate in cell lines STE -137 and CHSE -114 was 

studied. Experiments were also done to determine if the viruses 

could be serially propagated in the cells and at the same time be- 

come adapted to them. The cells were observed microscopically 

for cytopathic effects caused by the viruses. 

OSV replicated in both cell lines. In line STE -137, it multi- 

plied as well as it did in the host cells, SSE -5. It was serially 

propagated through five subcultures in line STE -137, but did not 

show further adaptation to these cells. During the first culture in 

CHSE -114 cells, OSV multiplied very little, but after serial propa- 

gation through five cultures, it appeared to have become adapted 

to them. However, even after adaptation had occurred, the virus 

still did not replicate as well in CHSE -114 cells as it did in SSE -5 

cells. The same cytopathic effects were seen in all three cell lines. 

The virus caused a thickening of the nuclear membrane and an in- 

crease in the optical density of the nucleoli. 

SRCD virus replicated in both STE -137 and CHSE -114 cells. 

It was readily carried by serial propagation through five subcultures 

but did not show further adaptation to either line. The cytopathic 

effects caused by this virus were identical to those caused by OSV. 
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Replication of WEE virus was questionable at 23°C, but at 

26°C it multiplied well in both cell lines. The virus was serially 

propagated in both cell lines, but did not become further adapted to 

either of them during the course of five serial transfers. WEE virus 

caused a marked increase in cell degeneration when cultivated on 

CHSE -114 cells, but no unique cytopathic effect was seen in these 

cells. However, two new types of vacuole -like structures were seen 

in the cytoplasm of STE -137 cells infected with WEE virus. 

NDV did not replicate in either cell line, nor could it be 

carried by serial propagation. The virus caused no cytopathic ef- 

fect in either cell line. 
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