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ABSTRACT
The Departnment of Mcrobiology at Oregon State University with funding
from the Bonneville Power Admnistration has conducted a study since 1983
relating to the epidenmiology and control of three diseases of salmonids in
the Colunbia River Basin. These diseases are ceratonyxosis, caused by the

protozoan parasite Ceratonyxa Shasta, bacterial kidney disease, the

etiol ogical agent of which is Renibacterium sal noni narum and infectious

hemat opoi etic necrosis which is caused by a rhabdovirus. Each of these
diseases is difficult or inpossible to treat with antimcrobial agents.

The presence of the infectious stage of C. shasta was again detected at
Little Goose Dam on the Snake River. The preval ence of ceratonyxosis
increased from1.1% in 1984 to 10% in 1985. None of the susceptible rainbow
trout exposed in the Yakima and Umatilla Rivers died of this disease.
Ceratonyxosis in resistant chinook salmon snolts seined from the Col unbia
River just above the estuary seens dependent on whether or not they are held
after capture in fresh or salt water. In fresh water the disease incidence
ranged from 7-19% whereas in salt water it ranged from O3% These results
whi ch suggest that recovery from ceratonyxosis may occur after the snolts
enter salt water are different fromthose obtained with susceptible Al sea
steel head trout where experinental groups in salt water have died at the sane
rate as those in fresh water.

Conparing data from groups of Colunbia River chinook snolts held after

capture in either fresh or salt water, R salmninarumis a nuch nore

effective pathogen in the salt water environnent. After four years of
sanpling smolts in the open ocean, nunbers of this microorganism sufficient to
cause death have been detected in chinook (7% and, coho sal non (2% and

steel head trout (1%. Results from three years of sanpling have consistently



indicated that additional fish infected with R salnoninarum will be detected

if egg washings are included in the procedures for monitoring bacterial kidney
di sease in adults.

Antigenic differences among strains of R sal moni narum and common

antigens present on both R sal noninarum and other Gram positive bacteria have

been denonstrated for the first time using nonoclonal antibodies. Al of the
nmonocl onal antibodies belong to the murine Igd, 1g& or Tg&Ra class and
subcl ass

Field studies at Round Butte Hatchery with the molecular filtration
apparatus detected IHNV in effluent water fromthe adult hol ding pond and in
water from a tank containing steelhead trout fry infected with IHN disease
The concentrations of IHNV detected in these sanples suggested that in the
order of 1010 virions are being released each day into the Deschutes River at
the peak of steelhead trout spawning at Round Butte Hatchery. |solation of
IHNV from dead eggs suggested that virus replication during incubation may be
a possible cause of egg nortality. Two possible reasons for inconsistencies
in the data from the IH\ transm ssion studies at Round Butte Hatchery are
1) W treatnent does not conpletely sterilize the water and 2) vertica
transmission occurs but under, as yet, undescribed conditions. Constant |HNV
production over a prolonged period has been recorded in unfiltered ovarian
fluid sanples. Filtration elininates this virus production. These
observations suggest that cellular conponents in ovarian fluid are responsible
for producing the del ayed appearance of IHNV after storage at 4°C for 8 to 16

days.
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| NTRODUCTI ON
Successful propagation and enhancement of fisheries resources requires
control of fish pathogens. This study, which has been funded by the
Bonnevi |l e Power Adm nistration since 1983, focuses on three of these disease

agents:  Ceratonyxa Shasta, Penibacterium sal noni narum and infectious

hemat opoi eti c necrosis virus.

Cer at onyxa shasta

Prior to this project Ceratomyxa shasta was known to exist in the
mai nstream Col unbia River to its confluence with the Deschutes River. Qur
| i vebox studies designed to nore precisely define the range of the infective
stage of C. shasta within the Colunbia River Basin, have detected this
parasite upriver in the nmainstream Colunbia River to the confluence with the
Snake River. The parasite has also been detected for the first tinme in the
Snake River at Little Goose Dam  These results nean upriver salnmonids are
exposed to C. shasta for a much | onger period than previously believed.
Results obtained during 1983 by collecting upriver smolts just prior to
entering the estuary indicated that approximately 10% of these fish are
infected with ceratonyxosis after migration down the Colunmbia R ver.

The nature of the infectious stage of C. Shasta, |ike npbst other

myxosporidan parasites, is unknown. Recent research with Plyxosona cerebralis,

anot her nyxosporidan infecting salmnid fish, has suggested the oligochaete
tubifex acts as an internmediate host in its life cycle. However, our attenpts
to transmt ceratomyxosis to susceptible fish by exposing them to tubifex

incubated with infected viscera and spores have been unsuccessful. Qher
experiments we are continuing are attenpting to visualize the infective stage

of ¢. shasta by using fluorescently labelled antibodies directed agai nst



spores of this parasite and to transnmit this disease in the laboratory by
exposi ng susceptible rainbow trout to fish that have died of certaonmyxosis in

tanks containing nmud from areas where C. shsta is endenmic and sterilized nud

seeded with tubificid worns.

Material s and Methods
Experimental Animals

Cerat onyxa Shasta-susceptible rainbow trout (Salno gairdneri) were

obtai ned from Cak Springs Hatchery and held at the Oregon State University,
Fish Disease Laboratory (CSU-FDL). Salmonid stocks to be tested for
resistance to this parasite were obtained from Gak Springs Hatchery and the

OSC Fish Toxicol ogy Laboratory. Steelhead trout (Salnmo gairdneri) and chinook

sal mon (Oncor hynchus tshawytscha) used in studying the effects of salt water

on the progress of infection were obtained from Rock Creek Hatchery and the
OSU- FDL. In 1984 salnonid snolts exposed to C. shasta during their migration
down the Col unbia River were obtained by beach seine at Jones Beach (RKm 75)

on the Colunbia R ver.

Exposure to Ceratonyxa shasta

Procedures for exposure to, and detection of, C. shasta are described by
Fryer (1984). Al groups of fish used in the stock resistance portion of this
study were exposed for five days to the infectious stage of C shasta in the
WIllanette River near Corvallis, Oregon. The five day exposure period was
chosen because this length of time has been shown to be sufficient to cause a
hi gh incidence of infection in control fish when the nunber of infectious
units was high (Zinn et al., 1977). After exposure these fish were returned

to the OSU-FDL and held for 100 days.



For fish used in distribution studies the exposure period at each of the
selected sites was 14 days. After exposure all fish were transported to Round
Butte Hatchery Isolation Facilities (RBHIF) and held until termination 120
days later.

Cer at onyxa shasta suscepti bl e steel head trout and resistant chinook

sal non which were used to determine the effects of salt water on the progress
of infection were exposed to the infective stage for three days in the
Wllanette River near Corvallis, Oegon. The three day exposure period was
chosen because our goal was to achieve a low |evel of infection in the
susceptible steelhead trout. After exposure, the groups were divided, half
going to fresh water facilities at the OSU-FDL and half going to salt water
facilities at the Oregon State University, Marine Science Center (OSU MSC).
Al exposed fish were killed after 100 days and exam ned for C. shasta.

Sal monid smolts coll ected by beach seine were also divided with half of the
fish going to the RBHIF and half to the OSU-MSC. These fish were held for
150 days. In all experinents, fish that died within 10 days after arrival at
each facility were considered handling nortalities and were not included in

the results.

Spore Purification and Antisera Production

Spore purification and antisera production and |abelling have been
previously described (Fryer 1984). In 1985, antisera was produced not only to
broken spores, but also to whole spores and to prespore stages by repeated

intravenous injections (8) into the ear veins of New Zealand white rabbits.



Concentration of Ceratonyxa shasta Infective Stage

Four, 100 liter sanples of WIllanette River collected at Corvallis,
Oregon (RKm 212) froma location known to contain the infective stage of C
shasta were differentially filtered using a nmolecular filtration unit
(Pellicon Cassette System MIllipore Corp.) with a pore size of 0.5 ym.
Materials concentrated by this procedure were injected intraperitoneally into
susceptible rainbow trout and snears were made for examination by bright Iight

m croscopy and fluorescent antibody techniques.

Transm ssion of Ceratonyxa shasta Infective Stage

Rai nbow trout infected with ceratonyxosis were placed with unexposed,
susceptible rainbow trout in tanks containing several different substrates.
These substrates consisted of nud fromareas where C shasta is endemc (La
Camas Lake and the Wllanmette River), rmud sterilized by autoclaving and
sterilized mud seeded with tubificid worns. Control tanks contained these
substrates and unexposed fish only. Al infected fish were fin clipped and
allowed to deconpose in the tanks after death from ceratonyxosis. As they
died, all unclipped fish were exam ned for spores or prespore stages of the

parasite.

Results and Discussion
CGeographic Distribution
I'n 1983 and 1984, susceptible fish were exposed at selected sites
(Bonneville, Dalles, John Day, MNary, Priest Rapids, lIce Harbor and Little
CGoose Dam) in the Colunbia River Basin. Results from these exposures (Fryer
1984) extended the range of the infectious stage by about 200 river mles, up
the mainstream of the Colunmbia River to, but not above, its confluence with

the Snake River, thence into the Snake River to Little Goose Dam
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In 1985, fish were exposed for 14 days in May and July. In this first
set of exposures at Little Goose Dam the level of ceratonyxosis increased
from1l.1%in 1984 to 10%in 1985. No infections developed in fish held at any
exposure site during May in the Colunbia River (Table 1). Fish were also
exposed in the Umatilla and Yakima Rivers to determine if the infective stage
of ¢c. shasta was present in these Colunbia River tributaries. None of the
animals held at these sites during the May exposure period died of
ceratonyxosis. The presence of ceratonyxosis in rainbow trout exposed at
McNary Damin 1983 and 1984 and at Little Goose Damin 1984 and 1985 extends
the range of this parasite about 200 miles upriver, into the Snake River
drai nage. In this survey the incidence of infection was dependent on the
| ocation of the exposure site and tinme of exposure. The inportance of the
exposure location was illustrated by Johnson (1975) who found that infection
i nci dence varied by as much as 71% in fish exposed simultaneously at sites
within a 160 neter distance in the Wllanette River.

Al though the geographic range of C. shasta has been extended into the
Snake River, |iveboxes containing susceptible rainbow trout have not been
placed in the mainstream Snake River above Little Goose Dam  The infections
at Little Goose Damindicate the infective stage of C. shasta occurs further
upstream in the Snake River and possibly into its tributaries. At present the
only tributaries of the Snake River that have been exam ned using |ivebox
techniques are in Oregon. These are the Imaha River and the Grande Rhonde
and two of its tributaries (Wllowa River and Lookinggl ass Creek) (Fryer
1984). Infected salnonids return to these Snake River tributaries, and
al though spores are released into these waters the presence of the infective
stage was not denonstrated. This phenonenon has been reported by other

investigators (Johnson 1975; Sanders et al. 1970) and further indicates that
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Table 1. Incidence of Ceratonyxa shasta in susceptible rainbow trout (Salno
gairdneri) exposed at selected dans in the Colunbia River Basin during My

1985.
Percent of
Location Nunmber of ffsh Nunmber of fish infecte fish infected
recovered with Ceratonyxa shasta with Ceratonyxa shasta
Col unbia R ver
Dal | es Dam 68 0 0
McNary Dam 78 0 0
Priest Rapids Dam 67 0 0
Snake River
Littl e Goose Dam
Lower site® 50 6 12
Upper site4 53 4 7.5

INunber of fish exposed mi nus handling nortalities.
2N | experimental groups were examned 120 days after initial exposure.
3Exposed in downstream mgrant collection facility.

4Exposed in forebay of dam
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the infectious process requires sone unknown factor(s) not present in many

tributaries.

Resi stance of Salnmonid Strains

In 1985 we tested Umatilla River steelhead trout and Shasta and Oak
Springs rainbow trout for their resistance to infection by C Shasta. (Cak
Springs rainbow trout are highly susceptible to infection by C. shasta and
served to confirm the presence of the pathogen and allowed conparison of
infection levels anong groups of exposed fish. The strain of steelhead trout
fromthe Umtilla River was resistant to infection (0% Ilevel) by C shasta.
The Shasta rainbow trout fromM. Shasta Hatchery in northern California were
susceptible to infection, having an infection incidence of 57% while the
incidence of infection among the QCak Springs rainbow trout was 33%

The resistance of Umtilla steel head trout and the other upriver salnonid
stocks previously tested (Carson, Bonneville, Cowlitz, Oxbow, Innaha, upriver
brights, and Lookingglass chinook and Sandy coho sal mon and Skanani a,
Deschutes, Cearwater, Umatilla, Wallowa and | maha steel head trout) (Zinn et
al. 1977, Buchanan et al. 1983; Fryer 1984) indicates that the presence of
the infectious stage of C. shasta acts as a selective factor on sal nonid
popul ations.  Although all upriver salnonids tested have proved resistant to
infection, these conclusions were drawn from experiments in which periods of
exposure were only five days. As we reported previously, |onger exposure
periods result in a higher preval ence of infection (Fryer 1984). Conti nual
exposures to the infective stage of this parasite in a water supply has caused
serious fish |osses at the Cowitz Trout Hatchery throughout its history

(Tipping and Kral 1984). Extension of the infective stage of C shasta to
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Little Goose Dam sone 200 river miles above the Deschutes River neans that
upriver salnmnids are exposed to this parasite for a nuch longer time than

previously recognized.

Ef fects of Salt Water on Fish Infected with Ceratomyxa shasta.

The effects of salt water on the progress of infection was studied using

C. shasta susceptible steel head trout, and resistant coho (Oncorhynchus

ki sutch) and chinook salnon strains. In 1984, Al sea steel head trout and Big
Creek coho sal non (Fryer 1984), and in 1985, Al sea steelhead trout and Round
Butte chinook sal non were exposed to the infectious stage of C. shasta in the
Wllanette River. Half of each group were then transferred to salt water at
the OSU-MsC and half were held in fresh water at the OSU-FDL. In both years,
all of the steelhead trout held in fresh water died of ceratonyxosis while 88%
(in 1984) and 100% of those in salt water died of the disease (Table 2). None
of the C. shasta resistant Big Creek coho (Fryer, 1984) or Round Butte chinook
salnon (Table 2) transferred to salt water devel oped the disease. In fresh
water the only infection observed in either group was in one coho sal mon which
devel oped a nuscle |esion.

Results from these two years show that in C. shasta susceptible strains,
such as Alsea steel head trout, the disease process in both fresh and salt
water continues at the same rate. Resistant strains will remain highly
refractive to ceratonyxosis when exposed to the infective stage imediately
prior to transfer to salt water.

As suggested previously, prolonged exposure to the infective stage of C
shasta shoul d cause a higher infection rate even anmpbng resistant stocks.
Indeed, in both 1983 and 1984, 14% of the chinook sal mon captured by beach

seine fromJuly to September in the lower Colunbia River were infected with

14



Table 2.

tshawytscha) exposed to the infectious stage of Ceratomyxa shasta during 1985.

Effects of salt water on steelhead trout (Salmo gairdneri) and chinook salmon (Oncorhynchus

Fresh water Salt water
Exposure No. of No. of No. of No. of
period fish fish Percent fish fish Percent
Salmonid (days) recovered’ infected infected recovered’ infected infected
Alsea steelhead trout 3 24 24 100 37 37 100
Cont rol2 25 0 0 38 0 0
Round Butte chinook salmon 3 27 0 0 30 0 0
Contml2 25 0 0 27 0 0

‘Number of fish exposed minus

nunber of fish which died before spores were detected.

2Control fish were not exposed to the infectious stage of C. Shasta.
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ceratonyxosis. This rate of infection is higher than found in any of the
stock susceptibility experiments in which exposures were seven days or |ess.
The preval ence of ceratonyxosis in chinook salnon smolts seined from the
Col unbia River just before entering the estuary seens dependent on whether or
not the fish are held after capture in fresh or salt water. In fresh water
the disease preval ence of ceratonyxosis ranged from 7-19% (Table 3); in
contrast, in the groups held in salt water the incidence of ceratonyxosis was
greatly reduced (03% suggesting recovery fromthe di sease agent (Table 4).
Al Colunmbia River salnonid stocks tested have proved resistant to
ceratonyxosis and this data unlike that obtained with susceptible Al sea
steel head trout, suggests that resistant fish infected while in fresh water
may recover after entry into salt water. These observations suggest that
Colunbia River snolts migrating rapidly through areas containing the infective
stage of C. shasta will suffer fewlosses as a result of ceratonmyxosis.
However, those that do not migrate quickly and remain in fresh water will
suffer a considerably higher nortality than recognized by previous stock
susceptibility studies.

Investigation into the Nature of Ceratonyxa shasta Infective Stage

Samples of WIllanette River water containing the infective stage of C
shasta were differentially filtered and all nmaterials in each sanple |arger
than 0.45 pmwere injected into susceptible rainbow trout. These fish are
bei ng observed for devel opment of ceratonyxosis. These concentrates are also
being examined by light and fluorescent nmicroscopy; however, no spores or
definite prespore stages have been identified

Infected fish have been allowed to deconpose in the tanks containing a
variety of substrates. Al fish known to be uninfected when placed in the

tanks are removed upon death and examined for spores or prespore stages. No

16



Table 3. Preval ence of Ceratonyxa shasta i n chinook sal mon ( Oncor hynchus
t shawyt scha smolts beach-seined fromthe Col unbia River (RKm 75) and held
in fresh water for 150 days at Round Butte Hatchery Isolation Facility.

Dat e Mortalities Percent of fish
col l ected Nunber of fi sh Fi sh. infected with co] |l ected infec Eed
1984 col l ected that died C. shasta with C. shasta
July 5 88 76 6 7

26 75 22 12 16
31 84 31 14 17
Aug. 16 82 34 11 13
23 87 74 13 15
Sept. 20 47 29 9 19
Total s 463 266 65 14

INunber of fish collected ninus handli ng nortalities.

2A11 fish alive at termination were exam ned and none were infected with C  shasta

17



Table 4. Preval ence of Ceratonyxa shasta in chinook sal mon (Oncorhynchus
tshawtscha) snolts beach-seined fromthe Col unbia River (RKm 75) and held
in salt water for 150 days at Oregon State University Marine Science

Center.
Pat e Mortalities Percent of fish
col |l ected Nunber of fish Fi sh infected with collected infected
1984 col | ect ed' t hat died C. shasta with C shasta2
July 5 93 86 0 0
26 76 76 0 0
31 75 70 2 3
Aug. 16 57 56 1 2
23 89 80 3 3
Sept. 20 70 68 0 0
Total s 460 436 6 1.3

INunber of fish collected ninus handli ng nortalities.

2AII fish alive at term nation were exam ned and none were infected with C. Shasta.

18



ceratonyxosis has been detected in these control fish; however, the disease

cycle may require some aging period in the substrate.

Reni bact eri um sal noni narum

Reni bacterium sal noni narum the causative agent of bacterial kidney

di sease (BKD) is recognized as one of the nmajor bacterial infections of sal non
and problens caused by it extend throughout Colunbia River Basin fish

hat cheries.  Reni bacterium sal moni narum was detected, during 1983, in 13% of

the chinook salnon snolts seined from the Colunbia River just before entering
the estuary. These observations serve to further delineate the continued
econoni ¢ inpact of this pathogen after smolts are released from hatcheries.
Limited data in the literature also suggests that BKD continues to cause
mortality after salmonid snolts enter salt water. Salnonids caught in the
open ocean off the coast of Oregon and Washington have contained BKD | esions

and harbored the organism  Since sanmpling began in 1981, R _sal noni narum has

been found by the fluorescent antibody test in 11% of the chinook salmn wth
lesions in 2.5% of these fish. The presence of lesions is an especially
i nportant observation indicating an ongoing open ocean nortality.

Examination by Cramstain and fluorescent antibodies of cryostat-
sectioned fertilized eggs collected after one nonth of incubation in a fish
pat hogen-free water supply have reveal ed the presence of bacteria

nor phol ogi cal Iy identical to R salnmoninarumon or in the egg wall. These

observations extend those of Evelyn et al. (1984) and further suggest vertical
transm ssion of this disease.

Know edge of the serol ogy and antigenic conposition of R sal noninarumis

important for the devel opnent of reliable serological methods for detection of

BKD infections. Although it has been generally accepted there is only one
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antigenic type of this bacterium (Bullock et al., 1974), there has been
limted experinmentation done to serologically conpare isolates (Getchell et
al., 1985). Recent observations indicate there may be more than one antigenic
type and that cross-reactions may occur with bacteria from other genera
(Austin and Rogers, 1980; Austin et al., 1985). The purpose of devel oping

monocl onal anti bodi es against isolates of R sal moni narum was to produce a

reagent to a antigen unique to R sal noninarum that can be used for

i mmunodi agnosis to elimnate false positive reactions.

Material s and Met hods

Experimental Animals and Detection of Renibacterium sal moni narum

Sal nonids of different year classes were purse seined from the ocean off
the coast of Oregon and Washi ngton and examned for the presence of R

sal moni narum by the fluorescent antibody test (FAT) as described by Fryer

(1984). The same salnmonids collected from the Colunbia River at Jones Beach
and transported to RBH-IF or OSU-FDL as part of the C shasta studies were

al so examned for R salnoninarum infections. Al fish that died within 10

days of arrival at either facility were considered handling deaths and not
included in the data.

Eggs from spawni ng chinook salnmon at Round Butte Hatchery were incubated
and hatched at the OSU-FDL. Smears nmmde from the kidney, spleen and egg

washings were exmned by FAT for R salnoninarum These eggs and resulting

fry were cultured for R sal moninarum on KDM 2 and charcoal agar (Daly and

Stevenson, 1985). Egg washings were prepared by collecting approximately 100

eggs at spawning into a beaker containing 10 ml of phosphate buffered saline
(pH 7.2). The eggs and PBS were stirred briefly and the |iquid decanted. The

liquid was centrifuged at 2010 x g for 20 min, the supernatant discarded and

20



the pellet smeared on a slide and exam ned by FAT for the presence of

fluorescing bacteria characteristic of R sal noni narum

Production of Monoclonal Antibodies

Monocl onal antibody technol ogy makes it possible to analyze strain
specific and cross-reacting antigens anong a particular bacterial species.
This type of data is necessary for the nost effective vaccine production and
for the detection of carrier fish.

A nodification of the nethod described by O and Herzenberg (1980) was
used to produce hybridomas secreting antibody against three strains of R

sal moni narum (Fryer 1984). Strains used were Lea-l1-74 (ATCC 33209) (LB)

i sol ated from chinook sal non at Leaburg Hatchery, RB-1-73 (RB) from chi nook
sal mon at Round Butte Hatchery and K50 from Atlantic salnon (Salnmo salar) in

Norway. Lynphocytes harvested from nice imunized with R sal noni narum were

fused with SP2 nouse nyeloma cells in nedium containing 50% pol yet hyl ene
glycol. After incubation in hypoxanthine, amnoptein, thymidine selective
medium each well of the tissue culture plate containing visible hybridoms
was tested by the indirect enzyne-linked immunosorbent assay (ELISA) for

production of anti-R sal noni narum antibody. Hybridoma cultures producing the

desired antibody were cloned and assayed twice. Selected hybridomas were
grown to be frozen in storage or for in vitro assay.

The ELTSA used to screen for hybridomas producing anti-R sal noni narum

antibody was nodified as described below to increase sensitivity and obtain

consistent results. Different concentrations of R salnmoninarum cells were

attached to 96-well polystyrene microtiter plates (Immulon) which were
previously washed with poly-L-lysine. Test serum or supernatant from cultures

containing a hybridoma was added to the wells then incubated w th peroxidase-
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conjugated anti-nmpuse antibody. A positive culture was detected by a visible
color reaction followi ng addition of O-phenylene diani ne substrate. The
reaction was quantified by determnation of optical density using an automated
m croplate reader (Biotek EL310). The ELISA was used to detect positive

hybri domas and for cross reactivity assays.

Results and Discussion
Preval ence of BKD in Ccean and Col unbia River Sal nonids
Addi tional kidney snears taken from salnonids captured in the open ocean
off the coast of Oregon and Washington during 1984 were exam ned

nonquantitively for R salnoninarum Table 5 shows the cumulative data since

seining began in 1981. Consistently, chinook sal mon have had the highest
i nci dence of the bacterium and |esions associated with the disease. Lesi ons

of BKD and ki dney smears containing > 00 R sal noni narum bacteria per

m croscope field at 400X magnification have al so been detected in coho sal non

and one steelhead trout. This level of R salmoninarumin a kidney snear is

readi |y denonstratable by Gram stain and represents, in our opinion, an

ongoi ng active BKD infection which will shortly result in death of the aninal.
Chi nook salnon seined from fresh water in the Colunbia River and then

held in salt water at the OSU-MSC for 150 days had extrenmely high levels (12-

68% of R salnmoninarum as conpared to groups captured at the sane tinme but

held in fresh water at the RBHIF (1-122) (Tables 6 and 7). These results are

simlar to Banner et al. (1983) who found the incidence of R sal noninarum

detected by FAT, in smolts sanpled while still in fresh water could not be

used to forecast the preval ence of BKD after noving fish to salt water. In

three groups in which R sal noni narum was not detected, approximately 10% of

the animals had died from BKD after 100 days in salt water. Three additional
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Table 5. Preval ence of Renibacterium sal noninarum in juvenile salnonids captured in
the ocean off the coast of Oregon and Washi ngton from 1981 through 19841,

Percent positive Percent positive

Sal noni d Nunber s by FAT for wi th > 00 bacteria
speci es exani ned R sal moni nar uni per m croscope field?
Chi nook 878 11 7

sal non
Coho 2276 4 2

sal non
Chum 197 3 0

sal non
Pi nk 85 6 0

sal non
St eel head 99 3 1

trout
Cutt hroat 104 1 0

trout

A fish were examned for R sal noninarum by the fluorescent antibody test.

2Represents, in our opinion, fish with ongoing active BKD infections.
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Table 6. Preval ence of Renibacterium sal noninarum in chinook salmn (Oncorhynchus
t shawyt scha) snolts beach-seined fromthe Col unbia River (RKn¥5) and held
150 days in salt water at Marine Science Center Fish Disease Laboratory.

Percent of Percent of
Mortalities nortalities fish collected

Dat e i nf ected i nf ected infected with
col l ected Nunber Hol di ng with R with R R sal nbn-
1984 col l ected mortalities sal noni narum sal noni narum inarum*
July 5 93 86 43 50 54

26 76 76 41 54 54

31 75 70 42 60 61
Aug. 16 57 56 7 13 12

23 89 80 34 43 34
Sept . 20 70 68 29 43 68
Total s 460 436 196 45 45

1AII fish were examined by the fluorescent antibody test for R sal moninarum
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Table 7. Prevalence of Renibacterium sal noninarum in chinook salnmon (Oncorhynchus
t shawyt scha) snolts beach-seined fromthe Colunmbia River (RKnv5) and held
150 days in fresh water at Round Butte Hatchery Isolation Facility.
Per cent Percent of
Mrtalities mortalities fish collected
Dat e infected i nfected infected with
col I ected Nunber Hol di ng with R with R R. salpon-
1984 col l ected Mortalities sal noni narum sal noni narum  inarum
July 5 88 76 2 3 3
26 75 22 1 5 12
31 84 31 4 13 7
Aug. 16 82 34 5 15 6
23 87 74 1 1 1
Sept. 20 47 27 2 7 4
Total s 463 266 15 17 6

LAl fish were exanined by the fluorescent antibody test for R sal moni narum
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groups, in which the nicroorganism was detected, suffered |osses ranging from

17-49% (Banner et al. 1983). To determne whether or not R sal nbni narum was

etectable in snolts imediately after seining fromthe Col unbia River, the
handling nortalities that died within 10 days after arrival at our hol ding

facilities were examned by FAT. This procedure detected R sal noninarum in

13% (24/181) of the fish examined. Conparing these data with the results from

the groups held in fresh and salt water suggests that R salnoninarumis a

mich nore effective pathogen in the salt water environment. The recurrent

finding of R salnoninarum and |esions characteristic of BKD in juvenile

sal moni ds seined from the open ocean further supports this hypothesis.
Additionally, we have recently conpleted horizontal transm ssion experinents

in salt water at the OSU MSC which show that >80% of chum sal mon (Oncor hynchus
6

keta) snolts exposed to 10° cells/ml of R salnoninarum for 30 min will die

within 90 days, often with characteristic |esions of BKD.

Transm ssion of Reni bacterium sal noni narum

Egg washings and kidney smears have been collected from individual
spawni ng adult spring chinook salnon at Round Butte Hatchery during 1983, 1984
(Fryer, 1984) and again in 1985 Rresults from 1985 as in the previous years

indicate that additional fish infected with R salnoninarum will be detected

if egg washings and smears from the spleen are examined for the BKD
mcroorganism  |n 1984 12 of the 20 (60% spleens collected were infected
with BKD (Fryer 1984) and in 1985 three of the 30 (10% spleens collected from
the fish spawned were infected;, several of these infections were not detected
in either the kidney or egg washing sanples. The results reported by us in
1984 and again in 1985 have consistently denonstrated that the exanination of

only kidney sanples for BKD will underestimate the incidence of this disease
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and that the spleen and egg washings should be considered when exanmining for
BKD carrier fish.
Qur previous work (Fryer, 1984) has indicated that fluorescing bacteria

typical of R salnmoninarum can still be found in fertilized eggs exam ned just

prior to hatching (after one month of incubation). Attenpts to culture the

m croorgani sm from these eggs have been unsuccessful. These efforts are
continuing in 1985 by sampling Round Butte Hatchery chinook sal mon eggs and

fry at frequent intervals during incubation and after hatching.

Monocl onal  Anti bodi es
Four to five stable antibody producing hybridoma clones were selected for

serol ogi cal conparisons of R salnoninarum Isoelectric focusing procedures

further confirmed, by the presence of a single fanily of protein bands on
Servalyt precoated gels, that the antibodies produced by these hybridonas were
monocl onal . The antibodies produced by these clones were characterized by
class and subclass of inmmunoglobulin. Al were classified as murine Igd or
1g&3, with the exception of one in the Ig&a class and subclass. Mirine 1gG
subcl asses have distinct biological properties that are inportant in
determining applicability and nmethods of purification (Goding 1983). Tgd and
| g&a are maj or subclasses in the mbuse and can be purified by binding to

St aphyl ococcal protein A Eight of the 13 nonoclonal antibodies selected for
this study belong to these two subcl asses and can be purified and |abelled for
use as FAT reagents. dycolipids of cell menbranes are considered highly

i mmunogeni ¢ (CGoding 1983) and Collins (1982) reported the presence of an

unusual Iy large nunber of glycolipids in R salnoninarum  Monocl onal

anti bodi es K23/15, K8/9, RG/6, RF8/9 and LE3/5 were all classified as 19g&

and may be associated with cell nenbrane glycolipids.
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Cross reactivity of the nonoclonal antibodies was tested by ELISA (Table
8). Al of the K50 nonoclonal antibodies, wth the exception of K18/4,
reacted only with the K50 and LB strains. Al of the LB and RB nonocl onal
antibodies reacted only with the LB and RB strains. There was no cross
reactivity between K50 and RB. The specificity of these reactions was
confirmed by cross adsorptions. The nonoclonal antibodies produced so far
indicate the LB and K50 strains have a common antigenic determnant and that
the LB and RB strains have a common antigenic deterni nant.

The reactivity of the nonoclonal antibodies was then tested against other

strains of R salnoninarum (Table 9). Wth the exception of K18/ 4, none of

the K50 nonocl onal antibodies reacted wh any of the other strains tested.
The LB and RB nonocl onal antibodies reacted only with the Jones Beach
strain. Reactivity was confirmed by cross adsorptions. There was no
difference in reactivity when any of these antigens were heat treated,
indi cating the nonoclonal antibodies are directed against heat stable

anti gens. Strains of R salnoninarum from different geographic |ocations are

being collected for further cross reactivity testing. Fusions using different

strains of R salnmoninarum will be done pending results of these assays.

The specificity of the nonoclonal antibodies was tested by ELTSA agai nst
other Gram positive bacteria. Only K18/ 4 showed reactivity, which appears to
be against a conmmon antigen shared by these Gram positive bacteria (Table
10). The denonstration of this common antigen increases evidence for cross
reactions with bacteria from other genera when polyclonal serumis used as a
di agnostic reagent.

Fl uorescent antibody tests have been routinely used for the detection of
BKD infections. It was therefore desirable to test the reactivity of the
monocl onal antibodies by FAT. In contrast to ELISA reactivity, the

i mmunof | uorescent reactivity of the K50 nonoclonal antibodies showed |ess
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Table 8. Reactivity of nonoclonal antibodies against Renibacterium
sal moni narum as tested by enzyne-linked immunosorbent assay.

R sal noni narum R. sal noni narum anti gen used
strain used Monocl onal
for fusion anti body K50 RB LB
K34/ 4 + +
K8/ 9 + +
K501 K23/ 15 + +
K11/ 12 + +
K18/ 4 + + +
RA Q| - + +
9 RCT /2 - + +
RB
RF8/ 9 - + +
RG8/ 6 - + +
LBI /11 - + +
3 LB11/9 - + +
LB
LB9/ 8 - + +
LE3/5 - + +

1Isolated from Atlantic salnon in Norway.

21solated from chinook sal mon at Round Butte Hat chery, Oregon.

31 solated from chinook sal mon at Leaburg Hatchery, Oregon.
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Tabl e 9.

Reactivity of nonocl onal
i solates tested by enzyme-linked inmmunosorbent

anti bodi es with Reni bacteri um sal nonnarum
assay.

Monocl onal R. sal moni narum antigen used
anti body
k7ol ss2  mek3  crR' m® sm
K50 Np’
K18/ 4 + + + + + +
RB ND - +
LB ND - +
lisolated from Atlantic salnon in Geat Britian.
21solated from chinook salnon at South Santiam Hat chery, Oregon.
3)solated from chinook salmon at MKenzie Hat chery, Oregon.
41solated from chinook salnon at Cole Rivers Hat chery, Oregon.

5I sol ated from chi nook sal non
Oregon.

6I solated from coho sal mon at

7

ND - not done.

at Jones Beach (RKn¥5) on the Colunbia River,

Siletz Hatchery, O egon.
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Table 10. Reactivity of nonoclonal antibodies against Reni bacterium

sal moninarumw th other Gram positive bacteria tested by enzyne-
l'i nked i nmunosorbent assay.

Bacterial antigen used

Monocl onal Lact obaci | | us Baci | | us Strept ococcus
Ant i body pi scicola subtilis lactis
K50
K18/ 4 + + +
RB
LB
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specificity (Table 11). The reactivity of the LB and RB nonoclonal antibodies
by FAT correlated with results obtained with ELISA

Antigenic differences among strains of R sal moni narum have been

denonstrated using nonoclonal antibodies. This information will be inportant
in the devel opment of certain vaccines and standard reagents for

i mrunodi agnosis.  The specific antigenic determ nant against which these
monocl onal antibodies are directed will be analyzed by immunol ogical detection
of proteins on nitrocellulose (western blot). The nmonoclonal antibodies
produced so far cannot be used individually as standard reagents for detection

of R sal noni narum by inmunofluorescent assay or ELISA but it nmay be possible

to produce a reagent for inmmunodi agnosis of BKD by conbining two or nore well-

defined, specific monoclonal antibodies.

I nfectious Hematopoietic Necrosis Virus

I nfectious henatopoietic necrosis virus (IH\NV) has recently become nore
wi despread in the Colunbia River Basin and has caused severe |osses anpbng
chinook salmon and steelhead trout at several Columbia River Basin fish
hatcheries. No anti-lIHNV drugs are known; therefore, nmnagenent techniques to
avoid the virus, especially during the egg incubation and fry stages, are
being tested. Since 1983 at Round Butte Hatchery, we have used Wtreated
water for rearing of fish and have al so sel ected eggs and spermfrom virus-
free adults.

During the spawning of steelhead trout in 1984 at Round Butte Hatchery a
uni que and potentially very inportant observation was nade. On three separate
occasions IH\V was detected in ovarian fluid sanples after storage for 6-9
days at 4°C. No virus had been detected in these sanples when collected at

spawni ng. Routine sanpling for IHNV requires only the processing of tissues
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Tabl e 11.

Reactivity of monocl onal

antibody test.

anti bodi es agai nst strains of
Reni bacteri um sal noni narum tested by the indirect

fl uorescent

R sal noni narum Origin of Monocl onal anti body
antigen R. sal moni narum strains K50 RB LB
K50 Sal t wat er pen culture facility, +
Norway, Atlantic salnon
RB Round Butte Hatchery, + - + +
Oregon, chinook sal nmon
LB Leaburg Hatchery, + + +
Oregon, chinook sal non
K70 England, Atlantic sal non + -
SS South Santiam Hat chery, ND
Oregon, chinook sal non
MK McKenzie River Hatchery, ND
Oregon, chinook sal non
CR Col e Rivers Hatchery, + -
Oregon, chinook sal non
JB Jones Beach, Columbia River + - + +
Oregon, chinook sal non
SIL Siletz River Hatchery, + -
Oregon, coho sal mon
ND = not done
+ =>10 cells/field fluorescing
+/- =1 - 5 cells/field fluorescing

= 0 cells/field fluorescing
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and sex fluids taken at spawning; however, this delayed appearance of virus
indicates that sampling only at spawning may yield false negatives. These
observations raise the possibility that IH\V is nore wi despread anong sal nonid
popul ations than previously considered. Further, the production of |H\ by
constituent(s), probably cellular, in ovarian fluid represents a novel nethod

for studying the biology of |HNV.

Material s and Met hods

Virus Propagation and Detection

Procedures for virus propagation have been described previously (Fryer
1984).  Chinook sal non enbryo (CHSE-214) and epitheliona papillosum cyprini
(EPC) cell lines were continuously cultured in Eagle's nininum essential
medi um (MEM supplenented with fetal calf serum (10%, NaHCO4 (0.0759%,
penicillin (100 iu/m), streptonycin (100 ug/m) and glutamne (1.0%. The
EPC MEM growth nmedium was buffered with Tris hydrochloride instead of
NaHC03. Gowth tenperatures were 16°C for CHSE-214 cells and 22°C for EPC
cells.

Pl aque assay procedures as described previously (Fryer 1984) were sinilar
to Burke and Miul cahy (1980). Briefly, assays were perforned using confluent
EPC nonol ayers grown in multi-well tissue culture plates. Sanples were
diluted in Hank's balanced salt solution (HBSS). Replicate 0.1 m sanples
(100—10'[‘) were inoculated onto nonol ayers in individual wells and allowed to
adsorb for 60 min. Sanple inoculum was renoved and 1% nethyl-cel |l ul ose
di ssol ved in double strength MEM plus 5% fetal calf serumoverlay medi um (MVEM
5) was added. Following 10 days of incubation at 16°C cells were fixed with

formalin and stained with 1%crystal violet solution. Plagues were counted
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and plaque forming units per m (PFU M) were determined in replicate wells
cont ai ni ng 10-300 pl aques.

Ovarian and senminal fluids were collected and processed as previously
described (Fryer 1984) except supernatant fluids were mixed 1.l with an
antibiotic solution (MDaniel 1979) before inoculation onto cells. Ovarian
fluid sanples were al so passed through 0.22 pmacrodisc filters (Gelnman) to
obtain cell-free preparations. Tissue cells from ovarian fluid sanmples were
cultured in 75 cm? tissue culture flasks in a media consisti ng of NaHCO4

buffered MEM plus 10% fetal calf serum with antibiotics (MDaniel 1979).

Fi sh Egg Inocul ations

To determine whether survival and/or replication of IH\V occurred during
i ncubation coho salmon (Cole Rivers Hatchery) and steel head trout (Leaburg
Hat chery) eggs were fertilized, water hardened for 1 h and injected into the
yol k using a 30 gauge needle with 0.01 nml of a IHNV suspension containing 1.53
x 10° and 5.25 x 10° PFU m, respectively. Eggs in the control groups were
injected with MEM only and handled in the same manner as those in the
experimental groups. The eggs were held in fish pathogen-free well water at
the OSU-FDL until hatching. Five eggs were collected and individually assayed
for IH\V survival at five day intervals. The eggs were allowed to hatch and
fry that died were cultured for IHNV. Dead steelhead trout eggs were sanpled

begi nning on day 10 of enbryonic devel opnent.

Concentration of IHNV from Water
Laboratory experiments with the tangential flow filtration apparatus were
continued during 1985 and field applications of this process conducted at

Round Butte Hatchery. The Pellicon cassette system used had a nenbrane
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exclusion size of 100,000 nol ecular weight. Based on data gained from our
| aboratory experinments with virus stabilizing agents, fetal bovine serum (FBS)
(0.19% was added to each water sanple to inprove virus recovery.

Water sanples from Round Butte Hatchery were collected at selected tines
from March through May, 1985. During this period, nine sanples of the
hatchery water supply, three sanples of effluent water from the steel head
trout holding pond and one sanple of effluent water froma 6 ft circular tank
containing steelhead trout fry infected with IH\V were collected. Adult
steelhead trout in the holding pond were also infected with |HNV.

Fifty liters of each sanple was collected in a sterile carboy,
suppl enmented with 0.1% FBS, and either filtered at the hatchery or transported
to our laboratory in Corvallis. Maxinmum storage of sanples before filtering
was three days at 4°C. One hundred nmilliliters of each sanple was also
collected in sterile bottles and supplenented with 0.1% FBS. Each sanple was
inoculated directly onto nonolayers of EPC cells to deternmine whether virus
detection was possible wthout enploying nolecular filtration. The 100 m
sanples and the retentate and backflush solutions collected from each 50 liter
sanple were concentrated further by ultracentrifugation. The pellet fromthis
step was resuspended in a small volune of tissue culture fluid and inocul ated

onto EPC cells.

Design of IHNV Transm ssion Studies

The purpose of this two-part study at Round Butte Hatchery was to
determne, on a production scale, if IHW is horizontally transmtted via the
water supply or is transnmitted vertically via infected ganetes from carrier
adults or if both routes of transm ssion occur. The experinmental design of
the studies in 1985 is the same as in 1984 and have been described in detail

previously (Fryer 1984) (Appendix A).
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In 1985 there was continuous nonitoring of the Wtreatment systemto
insure that the radiation output was always within the manufacturer's
specifications remaining continuously above 68% on the Wnonitor. In
addition, total bacterial counts of the water inmediately before and after W
exposure were performed at selected intervals. Spread plates of 1.0, 0.25 and
0.1 mM water sanples in triplicate were made using trypticase soy agar (Difco)
and cytophaga agar (Anacker and Ordal 1959). Plates were incubated for 5-7
days at 16°C and the total bacterial counts showed the water treatment system
to be killing >90% of the bacteria in the water supply. Turbidity
measurenents of hatchery water were recorded daily to determine if siltation
could be affecting the Wtreatnent system Readings were taken using a
Spectronic 20 at 520 pm using nanopure water as the control. No siltation was

detected in any of the sanples.

Results and Di scussion

Recovery of IH\V and IPNV by Mlecular Filtration

Previously we have reported a 67% recovery of |IHNV by nolecul ar
filtration of seeded OSU-FDL water supplenented with 1% fetal calf serum
(Fryer 1984). During 1984 we continued experinents with this filtration
procedure by seeding IH\V into deionized and Round Butte Hatchery water.
Describing results using deionized water allows other researchers to evaluate
and conpare their data with ours.

Filtration of unsupplemented water continued to result in a low virus
recovery, again indicating the need for a virus stabilizer (Table 12).
Several concentrations, 0.01, 0.1 and 1.0% of FBS were used to suppl ement the

dei oni zed water during filtration. Virus recoveries of 95 and 96% resulted
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when 1.0 and 0.1% FBS were used, respectively, and decreased to 45% with the
use of 0.01% FBS (Table 12).

Suppl ementation with beef extract resulted in virus recoveries only
slightly lower than those with FBS. Wth the addition of 0.03 and 0.3% beef
extract, 80 and 61% respectively, of the seed virus was recovered. Addition
of either 0.01 or 0.1%glycine did not enhance the recovery of IH\V and gave
recoveries of <1.0% I|ower values than obtained from unsuppl enented water
(Table 12).

The potential for recovery by nolecular filtration of another fish virus,
infectious pancreatic necrosis virus (IPNV), was also evaluated (Table 13).
An average of 29% recovery was obtained when seeded deionized water was
filtered; adding 0.1% FBS to the water before filtration increased the
recovery to 68% a value simlar to that obtained for |HNV.

Field applications of the nolecular filtration system were to be at Round
Butte Hatchery. Therefore, laboratory trials were continued using hatchery
water (Table 14). Using 1.0% FBS as a supplement, |IHNV recoveries were 100
and 59% from two filtrations. Reducing the concentration of FBS resulted in
recoveries averaging 68% fromtw runs with an initial volume of 10 liters and
71% from three runs of 50 liters each. Pretreatment to prevent virus
absorption of the filter menbranes by recirculation of 1.0% FBS failed to
i mprove virus recovery, suggesting that [ow recoveries of IHNV and possibly
PNV resulted from virus inactivation rather than absorption to the nenbrane.

The data from these tests indicated that nolecular filtration procedures
can effectively concentrate IHNV and IPNV from water, provided the water
sanple is supplenented with a virus stabilizing agent. A concentration of
0.1% FBS appears optinum for IHNV recovery. At the |owest concentration of

FBS tested (OO %, virus recovery was reduced about 20% At the higher
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Table 12. Recovery of virus by tangential flow filtration from deionized water seeded
with known concentrations of infectious hematopoietic necrosis virus.

Initial Initial I nfective
Filtrate vol une virus Retentate particles Percent virus
run and of water concentration volume in retentate recovery
handl i ng (liters) (PFUM) (nhs) (PFU M)
Retent ate Filtrate
Dei oni zed water 10 75 245 1.0x105 13 <1
0.01% FBS} 10 130 197 5.8x10° 45 <1
added
0. 1% FBS 10 79 186 7.6x10° 96 <1
added
1.0% FBS 10 19 343 1.8x10° 95 <
added
0.01% gl yci ne 10 44 134 <O <1 <1
added
0.1% gl ycine 10 76 103 10 <1 <
added
0. 03% beef 10 21 252 1.7x10° 80 <1
extract
added
0. 3% beef 10 46 250 2.8x10° 61 <1
extract
added

1Fetal bovi ne serum
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Tabl e 13. Recovery of virus by tangential flow filtration from deionized water seeded with
known concentrations of infectious pancreatic necrosis virus.

Initial Initial I nfective
Filtrate vol une virus Retentate particles Percent virus
run and of water concentration volune in retentate recovery
handl i ng (liters) (PFUM) (rhs) (PFU M)
Retentate Filtrate

Dei oni zed wat er 10 1.4x10 247 4.4x10° 31 <1
Dei oni zed wat er 10 1.9x103 358 5.0x10° 26 <
0.1% FBS® 10 1.3x103 345 7. 4x106 57 d

added
0.1% FBS 10 1.4x10° 482 1.1x107 79 <1

added

1Fetal bovi ne serum
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Tabl e 14.

Recovery of virus by tangential

flow filtrates from Round Butte Hatchery water

seeded with known concentrations of infectious henmatopoietic necrosis virus.

[nitial Initial I nfective

Filtrate vol une virus Retentate particles Percent virus

run and of water concentration volune in retentate recovery

handl i ng (liters) (PFL!/n) (ns) (PFU/ )

Ret ent at e Filtrate

1. 0% FBS ™ 10 120 167 1.2x10° 100 a
added

1. 0% FBS 10 130 179 7.6x10° 59 <1
added

0.1% FBS 10 110 282 6.0x10° 55 <
added

0. 1% FBS 10 120 275 9.6x10° 80 <
added

0. 1% FBS 50 19 270 5.9x10° 63 <|
added

0.1% FBS 50 14 280 6.3x10° 88 <
added

0.1% FBS 50 24 303 7.8x10° 63 <1
added then water
transported to CSU

Pretreat nent of 10 190 179 3.5x10S 18 <1

filter with
1. 0% FBS

lFetal bovi ne serum
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concentration (I.0%, although viral recovery was the sane, the cost of adding
FBS becormes a factor, and the tine of filtration was greatly prolonged due to
increased viscosity of the retentate. Fetal bovine serum also stabilizes I|HNV
for a considerable period of tinme, with one sanple after the virus seed and
FBS were added at Round Butte Hatchery the water was transported to OSU, about
5 h, and then held overnight at 4°C. Recovery under these conditions was 63%
(Tabl e 14), conparable to other runs in which filtration began inmediately
after water collection and virus addition.

Field studies using molecular filtration to detect wild type IHNV were
conducted at selected time intervals during March through My, 1985 at Round
Butte Hatchery. Throughout this period, nine sanples of the hatchery water
supply were filtered to determne whether the virus was entering the hatchery
system through the water supply. To optimze the chances of virus isolation
from water, sanples of water where fish were di agnosed positive for I HNV were
al so taken; three samples of effluent from the adult steelhead trout holding
pond and one froma 6 ft circular tank where steelhead trout fry were dying of
| HN di sease were filtered.

No | HNV was detected in any of the nine sanples of the hatchery water
supply tested (Table 15). The inability to isolate virus from these sanples
results fromeither the |Iow concentration or perhaps the absence of virus in
the sanple collected. Infectious hematopoietic necrosis virus was isolated
(and confirmed by serum neutralization) in two sanples of effluent water from
the adult hol ding pond at concentrations of approximately 1 PFU per 5 m of
water filtered. These two water sanples were taken when approxi mately 40
adult steelhead trout were present. A later sanple when 15 adults remained in
the pond did not yield virus. The virus was also detected and confirmed by
serum neutralization at a level of approximately 1 PFU per 50 ml in effluent

water from the tank containing steelhead trout fry infected with I HN disease.
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Tabl e 15. Recovery of infectious hematopoietic necrosis virus by tangential flow
filtration from Round Butte Hatchery water.

Virus recovery
\\at er Nunber of Retentate Untracentrifuged Unfiltered Utracentrifuged
source sanpl es retentate wat er wat er
Hat chery wat er
supply before .
entering hatchery 9 No virus No virus No virus No virus
Ef f| uent water
from adul t
hol di ng pond | HNV [ HNV Not done Not done
2/ 3 sanpl es 2/ 3 sanpl es
Ef f| uent water
steel head trout
fry 1 [ HNV [ HNV No virus | HNV after

blind passage
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The effluent fromthe adult holding pond and the tank containing
steelhead fry is released directly into the Deschutes River at Lake
Sintustus. W estimated that approximately 5 x 108 THN virus particles were
released in the effluent water during the 24 hour period when water was
collected from the adult holding pond. At this time only 40 fish were
present; however, at the peak of spawning approximately half of the 2,000
adults present were infected with IH\NV. This suggests IH\V levels in the

order of 1010

were being released each day into the Deschutes River. Results
from data obtained by Leong and Turner (1979) at Round Butte Hatchery also
indicated that simlar levels of virus were released each day in effluent
water from egg trays containing infected fry. Virus particles released from
these fish are a possible source of infection for downstream fish popul ations
because IHNV can survive for approximtely seven weeks in soft and hard |ake

water at 10°C (Wedereyer et al. 1978) and can be easily transmtted from fish

to fish (Wngfield and Chan 1970).

Survival of IHNV in Fish Eggs

Previously we reported survival of IHNV with a slow decrease in titer for
18 days in unfertilized rainbow trout eggs and not only survival but
replication after injection of eyed steelhead trout eggs (Fryer 1984).
Further experinents were conducted with steel head trout eggs which were
infected 1 h post fertilization. Virus survival was nonitored throughout the
devel opnental period (24 days) and titers remained relatively constant (Fig.
1). Replication of IHW was detected in dead eggs sanpled on day 10,
indicating that the virus nay have been the cause of death; however, no virus
was detected in the fry that were sanpled. Milcahy and Pascho (1985) have

al so recently reported the isolation of IH\W fromdead sockeye sal non
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VIRUS TITER LUGIU

Figure 1. Virus recovered fromfertilized steel head trout (Sal no gairdneri)

eggs injected with known concentrations (logyg = 3.7) of infectious

hemat opoi etic necrosis virus.

8.0

PFU/EGG
|

: 1 15 2
DAYS

Mean + SD of virus recovered fromfive viable eggs (0) and fromfive dead eggs
(C ) individually sampled and assayed. No virus detected (<400 pfu/egg) in

dead eggs sampled on day 20.

45



(Oncorhynchus nerka) eggs and fry. Egg survival to hatching seemed to

correlate with the amount of virus injected, only 6% of the eggs injected with
10® PFU M hat ched conpared to 15% of the eggs injected with 10* PFU N .

Coho sal mon eggs injected with IHNV 1 h post fertilization had about a
two log decrease in virus survival during the 30 day period of enbryonic
devel opment (Fig. 2). This species appeared nore refractive to IHNV with
approximately 35% of the injected eggs hatching. The resulting fry were
observed and IH\NV was isol ated fromseveral nortalities.

These |aboratory experinments denonstrated survival of ITHNV in
unfertilized eggs and virus replication in devel oping enmbryos and hatched
fry. Athough the virus was artificially introduced into these eggs the
prol onged survival and replication that occurred suggests vertical
transmission of this disease is possible. Isolation of virus from dead eggs
suggests that IHNV replication during incubation nay be a possible cause of
egg nortality.

Selected lots of steelhead trout eggs from the Round Butte Hatchery
vertical transnission experinments were incubated at the OSU-FDL and sanpled
daily for IHNV. In 1984 only viable eggs were sanpled and one egg collected
on day 16 fromthe group with high-titer IH\V parents was positive for the
virus. W concluded that the results from egg inoculations plus the detection
of IH\V associated with an egg from known positive parents suggests verti cal
transm ssion; however, the finding of only one PFU (>400 virus particles) from
a single egg indicates it is an infrequent event. Recently Mil cahy and Pascho
(1985) reported isolation of the virus from dead eggs. This year's sanpling
at Round Butte Hatchery included dead eggs and fry;, no IH\V was isolated from

t hese sanpl es.
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Figure 2.  Virus recovered fromfertilized coho sal mon (Oncorhynchus ki sutch)

eggs injected with a known concentration (logyg = 4.2) of

i nfectious hemmtopoietic necrosis virus.

PFU/EGG

~No w L o (@))
1
o

VIRUS TITER L0Gyg

0 | | 1 ;
5 10 15 20
DAYS

Mean + SD of virus recovered fromfive eggs individually sanmpled and

assayed. No virus detected (<400 pfu/egg) by plaque assay on days 25 and 30.
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Transmission of THNV at Round Butte Hatchery

Adult steelhead trout used in the horizontal transmssion experinment at
Round Butte Hatchery had a IHNV carrier rate of 63%in the females and 13% in
the males (Table 16, Appendix A). In this experinent half of the eggs divided
into 8 subgroups were incubated and resulting fry reared in W treated
water. Eight replicate subgroups were held in untreated hatchery water and
fish in two of these developed |IHN disease (groups 4 and 5). The |H\V
incidence in adults of these two groups was not significantly different from
that of the overall carrier rate; however, they did have higher titers of
virus in their 18 fish mlt pools. This enpirical observation could support
the postul ated mechani sm of vertical transmission of |HNV which involves virus
binding to sperm and subsequently being carried into the egg (Ml cahy and
Pascho 1984).

Untreated water was used in the incubation and rearing of group 5 and UV
treated water was supplied to group 4. Although IHN occurred in both, the
course of the disease was different. The fish reared in untreated water
experienced an explosive, high nortality which reached approximtely 90% The
disease in fish held in UV treated water was |ess severe and the nortality did
not exceed 5% Sinmilar results have been obtained at Dworshak National Fish
Hat chery where ozone was used to treat water supplies (Joe Lientz, personal
conmuni cation). Fish in untreated water experienced high |osses; nortality
was |ow in the populations in ozone treated water.

The production experiments to test vertical transmission involved adult
steel head trout which had an overall IHNV prevalence of 71% in the femal es and
a carrier rate of 16% in males (Appendix A). The gametes from these fish were
separated into groups which had high titers of virus and those which had no

apparent virus. A total of 200,000 fry resulted from eight group (four wth
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Table 16. Infectious hematopoietic necrosis virus titers in sex fluids from
production groups of steelhead trout (Salno gairdneri) spawned at
Round Butte Hatchery.

Dat e of I[HNV Titer (PFU )
spawni ng Produc fi on G oup Pooled, Ovarian Pool ed Semi nal
1985 Nurber £ uds Fl ui ds?
Jan. 29 | 9.7x103 5x10°
2 1.5%10"
3 9.5x%10
4 7.5x10% 1.0x10}
5 2.3x10° 5.0x10L
Narch 7 6 2.9x10°
7 3.4x108
8 4.4x10°

"Each production group consisted of sex fluids from 18 nales and 18 fenales.
After fertilization each group was divided into tw equal subgroups.

2Assays of individual sex fluid samples showed 18/ 144 (13% of the nales
positive for IHNV and 91/ 144 (63% of the fenmales positive for |HNV.
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high titer ganetes and four with no virus), all of which were incubated and
reared in UV treated water. None of these gr oups devel oped | HN di sease.
Results of vertical transmission studies which have been conducted at
Round Rutte Hatchery during 1984 and 1985 are consistent. In both years,
there has been no IHNV outhreaks in either fry from parents with high virus
titers or those from parents with no apparent virus. But, there is
inconsistency upon comparison of these results with those from the production
groups used in the horizontal transmission experiments. Considering results
from the vertical transmission experiments, it would be expected that no group
of fish reared in UV treated water would develop IHN disease. However, during
the two year duration of these studies, there have been groups of fish in UV
treated water which have experienced this disease. There are several
potential reasons for this. Among them are the following: 1) the UV
treatment does not completely sterilize the water; therefore, virus in
decreased numbers and/or virulence escape to infect fish and 2) vertical

transmission occurs, but under, as yet, undescribed conditions.

Delayed Appearance of IHNV in Ovarian Fluids

The delayed appearance of IHNV in steelhead trout eggs stored at 4°C was
first observed in 1984 while conducting vertical transmission experiments at
Round Butte Hatchery. Detection of the virus was made from ovarian fluid of
egg pools sampled eight days post-spawning in parents which had ovarian fluid
determined to be THNV negative at spawning. In 1985 we repeated this
observation and were also able to demonstrate this phenomenon in stored eggs
from individual female fish. The data not only showed that some groups of
stored gametes change from negative to positive (e.g. 0 to 104 PFU/mI) but
also that in fluids of some initially positive gametes the titer increased

2

/i
during the storage period (e.g. 10° PFU/ml to 10? PFU/mI).
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Experiments were initiated to determne the mechani sm responsible for the
del ayed appearance of |IHNV and to develop a diagnostic technique to detect
it. Studies to deternmine the nechanism of this phenonenon were conducted on
i ndividual ovarian fluid samples from adult steelhead trout fenmales. These
i ncl uded: 1) conparison of filtered (0.22 pm nenbrane filters) and non
filtered ovarian fluid collected at the tine of spawning with ovarian fluid
taken from stored ganetes 8 or 16 days post-spawning, 2) seeding of large
tissue culture flasks with ovarian fluid taken at the tine of spawning,
removal of this fluid after 24 h, addition of cell culture medium and
determnation of IHNV titers from this medium after selected intervals of
incubation, and 3) seeding of nulti-well tissue culture plates with ovarian
fluid taken at the tinme of spawning and incubation of these sanples with
different nedia treatnments. Sanples were taken from these plates 8 or 16 days
post-spawning and IHNV titers deternined.

The results showed: 1) there was no difference in the virus titers of
filtered ovarian fluid sanpled at spawning and after the 8 or 16 day storage
period, 2) there were increased |H\NV titers in unfiltered ovarian fluid
sanpl es stored alone or with eggs for either 8 or 16 days, and 3) el even of 24
ovarian fluid samples incubated in tissue culture flasks with nedia changes
exhibited a constant production of virions. Wth the results obtained thus
far, inoculation of a 24-well tissue culture plate with 0.5 m of ovarian
fluid at spawning appears to provide the nost reliable nethod for detecting
the delayed appearance of IHNV. After incubation for 24 hours the ovarian
fluid sanple was removed and 0.5 ml of a 1% nethyl-cellulose MEM5 overlay
added to each well. Infectious hematopoietic necrosis virus titers were then

cal culated from sanples taken fromthis plate 8 or 16 days post-spawning.
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SUMVARY AND CONCLUSI ONS
During fiscal year 1983, Bonneville Power Admnistration funded a study
concerning the epidemology and control of three infectious diseases of
salmonids in the Colunmbia River Basin. These serious fish pathogens are:

Ceratonyxa Shasta, the causative agent of ceratonyxosis, Renibacterium

sal moni narum the causative agent of bacterial kidney disease and the viral

di sease agent infectious henatopoietic necrosis virus.

Cer at onyxa shasta

The presence of the infectious stage of C. shasta at Little Goose Dam
first detected during the 1984 exposures, was reconfirmed during 1985. The
| evel of ceratomyxosis detected increased from 1.1% in 1984 to 10% in 1985.
None of the susceptible rainbow trout exposed during May 1985 in the Yakim
and Umatilla Rivers died of ceratonyxosis. An upriver strain of steelhead
trout fromthe Umtilla River was resistant to infection.

Results from two years of experinments show that in C.  Shasta-susceptible
strains of salmonids, ceratonmyxosis progresses at the same rate in both fresh
and salt water. Resistant strains remain highly refractive to ceratonyxosis
when exposed to the infective stage immediately prior to transfer to salt
water.  The preval ence of ceratonmyxosis in chinook salmn snolts seined from
the Colunbia River inmediately prior to entering the estuary seens dependent
on whether they are held in fresh or salt water after capture. In fresh water
t he di sease preval ence ranged from 7-19% in contrast, in the groups held in

salt water the incidence of ceratonyxosis was greatly reduced (0O3%.
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Reni bact eri um sal noni narum

Addi tional kidney snears taken from salnonids captured in the ocean off
the coast of Oegon and Washington during 1984 were examined for R

sal noni narum  Lesions of bacterial kidney disease and kidney snears

containing > 00 R sal noninarum bacteria per nicroscopic field have been

detected in chinook salnon (7%, coho salmon (2% and steel head trout (1%.
These levels of bacteria are readily denonstratable by Gam stain and
represents an ongoing infection that will shortly result in death of the
ani mal . Comparing data from groups of Columbia River snolts held in either

fresh or salt water suggests that R salnoninarumis a nuch nore effective

pathogen in the salt water environnent. Results fromthree years of sanpling

indicate that the presence of R salnoninarum will be detected nore frequently

if egg washings are examined for this mcroorganism Antigenic differences

among strains of R sal noni narum have been denpbnstrated for the first tine

usi ng monocl onal antibodies. The denonstration of commobn antigens present on

both R sal moni narum and other G am positive bacteria indicates that cross

reactions (false positive results) may occur with bacteria from other genera

when polyclonal serumis used as a diagnostic reagent.

I nfectious Hematopoietic Necrosis Virus
Continued testing indicated that nolecular filtration procedures can
effectively concentrate IH\W and al so another fish virus infectious pancreatic
necrosis virus fromwater, provided the water is supplemented with a
stabilizing agent such as fetal bovine serum A concentration of 0.1% fetal
bovi ne serum appears optinmum for virus recovery. Field studies at Round Butte
Hatchery with this apparatus detected wild type IHNV in effluent water from

the adult holding pond and in water from a tank containing steel head trout
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infected with IHN disease. The levels of IHNV detected in these sanples
suggested in the order to 1050 virions were being released each day into the
Deschutes River at the peak of spawning.

Titers of IHNV in steelhead trout eggs injected one hour post
fertilization remained relatively constant throughout the devel opnental
period. Titers in coho salmon eggs simlarily injected, decrease about two
logs during the 30 day incubation period. [Isolation of virus from dead eggs
suggests that IHNV replication during incubation nay be a possible cause of
egg nortality.

In the vertical transm ssion experinments at Round Butte Hatchery no
out breaks of IHW di sease have occurred in fry fromparents with high | HNV
titers or no detectable IHNV titers. Inconsistencies devel op when conparing
these results to those fromthe horizontal transm ssion experinents. Two
possible reasons are: 1) W treatnent does not conpletely sterilize the water
and 2) vertical transmssion occurs, but under, as yet, undescribed
conditions. During 1985 the fish reared in untreated water experienced a high
mortality which exceeded 90% whereas, those in W treated water suffered a
mortality which did not exceed 5%  These results are sinmlar to those
obtained at Dworshak National Fish Hatchery where ozone was used to treat
water supplies.

Changes in virus titer have not been observed with 0.2 pm nenbrane
filtered ovarian fluid sanpled at spawning or after a 8 or 16 day storage
peri od. In contrast, |HN\V production has occurred for a prolonged period in
unfiltered ovarian fluid samples cultured using tissue culture techniques and
media. These observations suggest that cellular conmponents in ovarian fluid

are responsible for the delayed appearance of |H\V

54



LI TERATURE CI TED
Anacker, R L. and E. J. Odal. 1959. Studies on the nyxobacterium

Chondrococcus columaris. |. Serological typing. Journal of Bacteriology

78: 25- 32.

Austin, B. and C. J. Rodgers. 1980. Diversity among strains causing
bacterial kidney disease in salnmonid fish. Current M crobiol ogy
3:231- 235.

Austin, B, Bucke, D., Feist, S. and J. Raynmont. 1985. A false positive

reaction by the indirect fluorescent antibody test for Renibacterium

sal moni narum with a "coryneform’ organism Bulletin of the European

Association of Fish Pathologists 5:8-9.

Banner, C. R, J. S Rohovec and J. L. Fryer. 1983.  Reni bacterium

sal moni narum as a cause of nortality anmong chinook salnon in salt water.

Journal World Mariculture Society 14:236-239.
Buchanan, D. V., J. E. Sanders, J. L. Zinn and J. L. Fryer. 1983. Relative
susceptibility of four strains of summer steelhead to infection by

Ceratonyxa Shasta. Transactions of the Anmerican Fisheries Society

112: 541-543.

Bullock, G L., Stuckey, H M, and P. K Chen. 1974, Corynebacterial kidney
di sease of salnonids: growh and serological studies on the causative
bacterium  Applied M crobiol ogy 28:811-814.

Burke, J. and D. Mulcahy. 1980. Plaquing procedure for infectious
hemat opoi etic necrosis virus. Applied and Environmental M crobiol ogy
39: 872-876.

Collins, M D 1982. Lipid conposition of Renibacterium sal noni narum

(Sanders and Fryer). Federation European M crobiology Society,

M crobi ol ogy Letters 13:295-297.

55



Daly, J. G and R M W Stevenson. 1985, Charcoal agar, a new growth nedium

for the fish disease bacterium Renibacterium sal noninarum  Applied and

Envi ronnental M crobi ol ogy 50:868-871.
Evelyn, T. P. T., J. E Ketcheson and L. Prosperi-Porta. 1984.  Furt her

evi dence for the presence of Renibacterium sal moninarumin salnonid eggs

and for the failure of povidone-iodine to reduce the intra-ovum infection
rate in water-hardened eggs. Journal of Fish Diseases 7:173-182.

Fryer, J. L. 1984, Epideniology and control of infectious diseases of
salmonids in the Colunbia River basin. Annual Report FY 1983 Bonneville
Power Administration, Portland, Oregon. Division of Fish and Wldlife.
Contract No. DE-Al 79-83BP11987. 68 pages.

Getchell, R G, J. S. Rohovec, and J. L. Fryer. 1985. Conmpari son of

Reni bacterium sal noni narum i solates by antigenic analysis. Fish Pathol ogy

20: 149- 159.

Coding, J. W 1983. Mnoclonal Antibodies : Principles and Practice.
Academic Press Inc., Olando FL 276 pages.

Johnson, K A 1975. Host susceptibility, histopathologic and transni ssion

studi es on Ceratomyxa shasta a myxosporidan parasite of salmonid fish.

Doctoral thesis. Oegon State University, Corvallis, Oregon. 134 pages.

Leong, J. and S. Turner. 1979. Isolation of infectious hematopoietic
necrosis virus in water. Fish Health News 8:6-7.

McDaniel, D. 1979. Procedures for the detection and identification of
certain fish pathogens. American Fisheries Society, Fish Health Blue
Book. Pages 9-37.

Mul cahy, D. M and R J. Pascho. 1984. Adsorption to fish sperm of

vertically transmtted fish viruses. Science 225:333-335.

56



Mul cahy, D. M and R J. Pascho. 1985. Vertical transm ssion of infectious

hemat opoi etic necrosis virus in sockeye salnon (Oncorhynchus nerka):

Isolation of virus from dead eggs and fry. Journal of Fish Diseases
8: 393- 396.

G, V. T. and L. A Herzenberg. 1980. I mmunogl obulin-producing hybrid cell
lines. Pages 351-372. In B. B. Mshell and S. M Shiigi (editors)
Selected Methods in Cellular Imunology. W H. Freeman and Co., San
Franci sco, CA.

Sanders, J. E., J. L. Fryer and R W Goul d. 1970. Cccurrence of the

nyxosporidan parasite Ceratonyxa Shasta, in salmonid fish fromthe

Col unbia River Basin and Oregon coastal streams. Pages 133-141. In S. F.
Shieszko (editor) A Synposium on Diseases of Fish and Shellfishes.
Anerican Fisheries Society Special Publication 5.

Tipping, J. M. and K B. Kral. 1984. Eval uation of a pilot ozone systemto

control Ceratonyxa shasta at the Cowitz Trout Hatchery. Progress Report

Washi ngton Game Department. 24 pages.

Wedermeyer, G A, N C Nelson and C. A Snith. 1978.  Survival of the
salmonid viruses infectious henatopoietic necrosis (IHNV) and infectious
pancreatic necrosis (IPNV) in ozonated, chlorinated and untreated
waters. Journal Fisheries Research Board of Canada 35:875-879.

Wngfield, W H and L. Chan. 1970. Studies on the Sacramento River Chinook
Di sease and its causative agent. Pages 307-318. In S. F. Snieszko
(editor) A Synposium on Diseases of Fish and Shellfishes. Anerican
Fi sheries Society Special Publication 5.

Zinn, J. L., K A Johnson, J. E Sanders and J. L. Fryer. 1977.
Susceptibility of salnmonid species and hatchery strains of chinook sal non

(Oncor hynchus tshawytscha) to infections by Ceratonyxa Shasta. Journal

Fi sheri es Research Board of Canada 34: 933-936.

57



APPENDI X A

FLOW SHEET OF ROUND BUTTE HATCHERY

| HN\V EXPERI MENTS
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"CULL—OUT" CROSSES/VERTICAL TRANSMISSION
* VERTICAL TRANSMISSION = INFECTION VIA ADULT TO PROGENY

9 (217 FISXH) 1984 O7

(411 FISH) 1985

SPAWN INDIVIDUAL FIWPLE INDIVIDUAL FISH

DIVIDE INTO TWO SUBGROUPS TISSUE & SEX FLUID SAMPLES

FERTILIZE, WATER—HARDEN
AND INCUBATE USING UV

TREATED WATER V/ DIAGNOSTIC TESTS
\\// % POSITIVE FOR IHNV
PARENTS (+) IHNV PARENTS (=) IHNV 1984 1985

\ / Q 60 71

FOUR REPLICATE GROUPS
7| 21 16

OF EACH
EGGS TO OSU-~FDL

EACH REPLICATE GOES INTO A SEPARATE INCUBATOR
STACK SUPPLIED WITH UV TREATED WATER

HATCH IN UV

TREATED WATER
REAR FRY IN EIGHT SEPARATE 6 FT. CIRCULAR
TANKS ALL SUPPLIED WITH UV TREATED WATER

*NO CROSS TANK CONTAMINATION

HANDLE IN UV
TREATED WATER

«EXPECTED BENEFIT: DETERMINATION OF EXISTENCE
OF VERTICAL TRANSMISSION
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