ERRATA

The following errors should be corrected in the report, "Im

printing Salnon and Steel head Trout for Homing", by Enil Slatick,

Anthony J. Novotny, and Lyle G G lbreath, dated January 1979:

1. Page 6, Table 2, Test #4 Brand position--now reads, "RAL",

Page 12, Table 6, Control #2, Brand position--now reads,

Page 14, Table 7, Test #1, Treatnent--now reads, "(raceways)",

Page 22, line 5--now reads, "Damin tw |oads for marking on

20 May 1976", and it should Damin two | oads for marking on

and it should read RA .
2.

"LAX, and it should read LA)( .
3.

and it should read (tank).
4.

19 and

19 and

20 May 1976, and transported and rel eased bel ow Bonneville Dam
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| NTRODUCTI ON

The main functions of the National Mrine Fisheries Service (NMFS)
Agquacul ture Task biol ogists and contractual scientists involved in the 1978
homi ng studies were primarily a surveillance of fish physiology, disease,
and relative survival during culture in marine net-pens, to determne if
there were any unusual factors that might effect inprinting and honi ng
behavior. The studies were conducted with little background know edge of
the inplications of disease and physiology on inprinting and honing in
sal nonids. Hatcheries and stocks sanpled are listed in Table 1

The data collected from random sanples were as foll ows:

PHYSI OLOGY.

A G Il Na+-K+ ATPase activities were neasured at the tinme of rel ease,
with the exception of the Wllard Hatchery coho sal non and Tucannon Hatchery
st eel head, where freshwater Na+- Kt ATPase profiles were conducted throughout
the spring. Abnornmally low values could be indications that the fish were
either in pre- or post-snelt condition, or had been stressed in some way.

B. Plasma electrolytes. Low values of Na or C could indicate inmediate
probl ens of osnoregul ati on when the fish were introduced to seawater; high values nmay
i andi cate sone dehydration due to stress. Increases in K levels can sonetines
indicate nitrogen supersaturation stresses.

C. Hematocrits and henoglobins. Values below or above normal can
indi cate possible conditions of anenmia or dehydration, or reflect nutritiona

status, disease conditions,or both.



TABLE |.--Hatcheries and stocks sampled in the 1978 hom ng studies.

Dat e
Pat hol ogy arrived at
Hat chery Speci es tag nos. Manchest er
Carson Coho 4401- 4460 4/ 25/ 78
Wllard Coho 4661- 4700 6/ 8/78
4351- 4370
Kooski a Spring 4001- 4060 4/ 25/ 78
chi nook
Dwor shak St eel head 4061-4120 4/ 25/ 78
Leavenworth Steel head 3901-3960 5/ 2/78
(Chel an)
W nt hr op Steel head 4501- 4560 5/ 2178
(vells)
Tucannon St eel head 4601- 4660 5/ 15/ 78

Dat e of
viral
assay

4/ 25/ 78

6/ 12/ 78

4/ 25/ 78

4/ 26/ 78

5/3/78

5/ 5/ 78

5/16/78

Dat e of
blood

sampl i ng

4/ 26/ 78

6/ 12/ 78

4/25/78

4/26/78

5/ 4/78

5/ 9/78

5/17/78

Date transferred
to seawater pens

4/27/178

6/10/78

4/27/78

4/27/78

5/ 4/78

5/ 4/178

5/17/78

profile

At Pase

No

Yes

No

No

No

Yes




[l. DI SEASES.

A, Incidences of diseases based on hatchery records describing the
culture and treatnment of fish.

B. Random sanpling of hatchery populations to determne

1. The extent of latent bacterial kidney disease (BKD) as determined by

indirect flourescent antibody techniques.
2. The presence (or absence) of certain pathogenic viruses.
3. A determnation of significant |esions, abnormalities, or pathol ogy
ingill, eye, liver, and kidney tissue
The presence and extent of the above di sease organisns or |esions may have a

detrinental effect upon the physiological nechanisns involved in inprinting and

hom ng behavi or.

[11. SURVIVAL DURING CULTURE | N SEA- PENS

A, Periodic assessment of survival and growth.

B. Necropsy of nortalities.

C. Assessment of the mmjor causes of nortality.

Cul turing subsanpl es of these hatchery test groups in net-pens in seawater
is an artifical situation and is recognized as such. Lower survival my not be
indicative of what is occurring in nature, as: (1) the fish are transferred
directly fromfresh to 30°/00 seawater without conditioning in estuarine water
(as presunmably might be the case in nature); (2) they are fed an artificia

diet; and (3) they are contained in net-pens and stressed by frequent (nonthly)

nmeasurenent activities.



Neverthel ess, one can assune that if the survival in the net-pens was
hi gh, the fish should be able to withstand the nornal transition rigors in

the wild, and that the tests may be a relative neasure of seawater adaptability

between treatnments or stocks.

?1 ETHODS AND MATERI ALS

VI RAL ASSAYS
Liver, spleen, and kidney were sanpled from 60 fish in each test group,

pooled in 12 tubes of 5 fish each, and screened by a private |aboratory

(Rangen Research Laboratories) for viruses, See Appendix A

HLSTOPATHOLOGY

Sixty individually nunbered fish of each test group in the hom ng study
were preserved in successive fixatives and shipped to a private |aboratory.
GIll, liver, eye, and kidney tissues were sectioned and exam ned for any

| esi ons, pathology, or abnormalities by a veterinary pathologist. See

Appendi x B.

EARLY LIFE H STORY
Wher ever possible, pertinent data concerning the culture and treatnent of

the hatchery groups were collected from the hatchery managers. These data are

presented in Table 2.

SAMPLI NG
The sanmpling of fish from the hatchery stocks for health profiles was
based on a conbination of statistics and econonics. The random sanple of 60

fish from popul ati ons ranging as high as 100,000 or nmore was based on the work

of Cssiander and \Wedemeyer (1973). A single disease incidence of 5% or



Teble 2.--Available disesse and life history dets vl the hnowing stidy hatchery juveniles.

Date
Percent Size at Date transferred
\/ Date Date / Water Vate sortality Teleane released t> Manchester 3/
Hatchery Stock Agency— Species egg take ponded anl source temp F (811 causes)  (ro./lb.)  (1978) (1918) Disecases ~ treatment ...
Tucannnn Skamanis woG Summer 1976 March oMr se-- 33-70 43,0 1.2 May 13 May 15 Conttants Malachite green
Steelhead 197¢ Clark'n Fungus Formalin
Silver Cup BCD Sulfase
Columnaria TH-50 (defly; last 2 vecks
Ichthyophthirtus (June, 1979) prior to releaae)
Dworshak Pworehak uspvs Scealhead -——- === OMP River 40-60 —--- 8.0 Apri) 2% April 23 Zxtearnal parastites Pormaltn
Cholen Chelan wDC Susmer 1976 ====  Clark's Salmon ~--- 30-38 .8 1.0 May 3 May 2 Vitanin C deficiancy ™30
(Leavenworth) Steelhesd Clark's Trout External parasites Sulmet
Silver Cup Balenn Unfdentified syatemic infection
Silver Cup Trout Bch
onp
Valle Wells Ly 1] Stealhead 1917 1977 oMP Well 30 28.0 5.% May & Msy $ m——— s
(¥inthrop) Clark's and
Silver Cup River
Kooskis Xooskta Usrvs 8pring —-—- ] OoMP Well 32-60 ——=e 17.0 April 28 April 2% BKD Formalfn
Chinook Absrnathy and Lehthyophthirius
dry River
Caraon Carson usng Cohe ——— 1977 OoMP Well ' ——— .- April April 25 Furunculosis ™-%
AbsTnathy Roccol
dry
Villard willsrd vsrvs Coho 1976 1977 oMy Well [0 16.0 21,6 June 8 June 8 wn T™-30
and BKD
River - _Turunculosis S

1/ ¥DC - Washington Departwent of Came, USFWS - Unfted States Pish and Wildlife Service. 2/ OMP - Oregon Holat Pellet.

» BKD - bactaerial kidney disessa, CWD - cold water dissasse. 4/ TN-30 - oxytetracycline (dietary).

3/ 9CD - bactertal gtll dives




greater can be detected, provided the detection nethod is accurate. Subsanples
of at least 60 fish were taken at the hatchery, or were drawn fromthe
transported population for the health survey and held in circular tanks with
running Beaver Creek water at anbient creek tenperatures. \Wen the average
fish size was small, two subsanples of 60 fish each were required to provide
sufficient material (blood and tissue) for the analyses. In nost cases, the
tissue and bl ood sanples were collected within 24 hours after arrival at
Manchester. However, some stocks were held as long as 6 days prior to
processing. The fish from some of the hatcheries (primarily fall chinook
salmon) were small. To obtain the required volumes of bl ood and
ti ssue sanpl es,we discarded any undersized fish, but still naintained a 60
fish sample size

The fish subsanpled for viral assays were individually weighed and
measured. Fish that were subsanpled for henatol ogy and BKD were mneasured,
but not weighed. Homing study fish preserved for histol ogical sectioning
were identified by numbered tags. Collected data on all paraneters are

avai |l abl e on an individual fish basis.

BLOOD SAMPLE COLLECTI ON
The fish were lightly anesthetized in aerated 1:20,000 Ms 222 solutions.
In nost cases, blood was sanpled from the caudal arch via 1 cc heparinized
syringe and 25 gauge hypodermic needle. Small fish were bled by severing
t he caudal peduncle and collecting the blood in heparinized CAPILLARY tubes.
Whol e bl ood snmears were collected on microscope slides, |abelled, air
dried, fixed and stained in Diff-Quick," oven dried overnight at 45'C and
permanent|ly nounted for future reference. The final data for hematocrits and
henogl obi ns were frequently based on sanple sizes of |ess than 63 due to

capillary tube breakage

1/ Reference to trade nanes does not inply endorsement by National Marine
Fisheries Service, NOAA.
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HEMATOCRI TS
Bl ood sanples taken for hematocrits (packed cell volune) were centrifuged

in mcrohematocrit tubes for 3 minutes in a Cay-Adans Autocrit |1 (Snhieszko 1960).

HEMOGLOBI NS

Bl ood sanples for henpgl obin deternination were either read directly
with an A-O henogl obi nometer or collected in 20ul capillary tubes to determnine
hermogl obi n concentration by the calorinetric method described by Bauer (1970).
SAMPLI NG FOR LATENT BACTERI AL KIDNEY DI SEASE ( BKD)

The sensitive and highly specific indirect flourescent antibody techni que
(1'FAT) was used to diagnose |atent BKD in hatchery popul ations.

The individually indentified fish were opened ventrally and the kidney
exposed. Thin snears of anterior and posterior kidney tissue were made on
mul ti-spot slides after piercing the kidney with a sterile inoculation |oop
The slides were air-dried and fixed in reagent grade acetone for 10 minutes.
The acetone fixed slides were stored at -20°C until they were examned. Prior
to the sanpling season, 40 positive control slides were prepared in the sane
manner and stored at -20°C. The control slides were prepared from a clean
ki dney | esion froma spring chinook sal non from Carson National Hatchery that
was tested and confirmed to have high nunmbers of pure B<Dorgani sms.

The |1 FAT for BKD was originally described by Bullock and Stuckey (1975)
and later nodified by G W Canenisch of the US. Fish and Wldlife Service
(FWS), Eastern Fish Disease Laboratory (See Appendix C for the conplete

procedure).



Basically this diagnostic procedure employs the followi ng steps:

1. Application of specific BKD rabbit antisera to the unknown snear
of kidney nmaterial

2. Application of goat anti-rabbit 1gG fluorescein conjugate to the
unknown smear. The specific antibody in the first antisera application wass
attach to any BKD organisns present in the unknown Kkidney smear. The second
antisera application will then attach to the rabbit antibody (1gG, and the
fluorescein serves as a |label for the BKD organi sns when exposed to flourescent
m croscopy.

3. The control slide was scanned first to insure that all procedures
went nornally, and the intensity of flourescence in the BKD control was
subjectively noted. Only those organisnms that were recognized as having the
typi cal FA-BKD appearance were counted as positive. Any suspect organisns
or probable debris were passed over as artifacts. Counts of the nunber of
BKD or gani sms encountered in the first 150 mcroscope fields (nfs) were
recorded. Sanples were counted as positive if only one BKD organi sm was
found. Both anterior and posterior kidney were exam ned and only those fish

that had both ki dney sanples free of BKD organi sms were classed as "negative".

NECROPSI ES

Al of the nortalities in the saltwater pens were collected daily. Each
fish was opened asceptically fromthe vent; external and internal |esions
were noted and the procedures for culturing vibriosis and other gram negative

bacteria (Novotny, Harrell, and Nyegaard 1975) were followed



The postnortens were classified as foll ows:

1.

2.

negative (cause not deternined)
BKD (from | esions).

Vibrio anguillarum serotypes 775, 1669,

Vibrio sp.
ERM (enteric rednouth)
Furuncul osi s

Aeronmonas hydrophilia (ex liquefaciens)

or

7244,



A LL NA+—K+ ATPASE

Si nce the phenonenon of elevation in gill sodium potassium stinulated
ATPase (Na+-K+ATPase) activity was first reported to be associated with parr
smolt transformation in coho sal non, 0. kisutch, (Zaugg and MLain 1970)
nuner ous experinents have been conducted to verify these results and extend
observations to other species. As a result, it has been conclusively shown
that the rise in gill Na+-K+ ATPase activity is one of the nany physi ol ogi cal
changes which occur at the tinme sal nonids denonstrate migratory behavior

and an increased ability to tolerate seawater.

COLLECTI ON AND STORAGE OF G LL FI LAMENTS
During 1978, selected stocks of coho and chinook sal non, 0. tshawtscha,

and steel head, Salm gairdneri, being reared for release at state and federal

hat cheries in the Col unbia River drainage were nonitored for changes in gill
Na+- K+ ATPase activities in an attenpt to evaluate the state of snoltification
at rel ease.

In addition, where possible through tag identification, the relationship
was determ ned between state of snoltification at release and | ength of
mgration time from the hatchery to the estuary.

At approximately 2-week intervals during the spring and sumrer of 1978,
30 fish were removed by dip net from representative ponds or raceways at
Wllard and Tucannon Hatcheries. Carson, Wnthrop (Wells), Leavenworth
(Chel an), Kooskia, and Dworshak Hatcheries were sanpled only at release. The
fish were grouped into ten groups of three fish each (approximtely according
to size)and they were killed by a blow on the head. After fork lengths and
weights were determined, tails were severed to allow bleeding and approxinately

equal quantities of gill filanents were renoved from the gill arches of each

10



of the three fish in the group (total weight of gill filaments-O 1 to

0.2 g) and placed into a vial to which was then added 1 ml of a solution

(I abel ed SEI') containing 0.3M sucrose, 0.2H Na2 EDTA, and O | M i mi dazol e,

pH 7.0. The sanples of filaments in SEl were kept cold (on ice) until all
30 fish had been processed, at which tine they were frozen on dry ice. The
sanples were later transferred to a freezer at -23°C where they were stored
until processed for ATPase activities (stable up to at |east 6 weeks).

The anal ytical procedure for measuring ATPase activity is presented in

Appendi x D.

THE LI FE H STORY OF HATCHERY JUVEN LES

Husbandry techniques, disease, and environnental history my have
del eterious effects on fish health and snmolt quality (Wdemeyer, et al.
1979, Fol mar and Di ckhoff 1979). Many chenot herapeutic conmpounds used in
the treatnment of parasitic and bacterial diseases of fish may affect
smoltification (Lorz and McPherson 1976). Subclinical infections may be
exacerbated by the stress of saltwater entry.

The infornmation (Table 2) was obtained from hatchery managenment and is
sel f-explanatory. \Were Information was not obtained, the entries have
been |eft blank.
|.  STEELHEAD

A GLL ENZYME ANALYSES

1. TUCANNON HATCHERY (PATHOLOGY SAMPLE NUMBERS 4601-4660).

Summer run steel head from the Tucannon Hatchery (Pond 1) showed

i ncreases in Na+-K+ ATPase activities through 8 May (Figure 1).

Al'though the average activities dropped somewhat on 22 May and 5 June,

11



Na* — k¥ ATPase activity — u moles Pi / mg protein 1 hour

25

20

15

10

at the hatchery.

from md-March through early June.

TUCANNON STEELHEAD

o Capture of marked fish at Jones Beach

Hatchery release date

March

April

May June
1978

FIGURE 1. G II| Nat+ -K+ ATPase enzyne activity in Tucannon steel head sanpled

Enzyme activity was neasured at approximately 2-week intervals

The data shown for each sanpling period are

the nean and variance of 10 analyses from 30 fish (pooled- 3 fish/analysis).
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the majority of these fish had elevated values. A few had either not snolted
or had reverted early, having activities inthe 6 to 7 range, resulting in a
depression of the average activity. This group of fish (coded tag, WO Y-R)
was rel eased bel ow Bonneville Damon 17 My, slightly after the peak of the
gill Na+-K+ ATPase activity and noved rapidly through a recapture area in
the Colunbia River estuary at Jones Beach where tagged fish were caught only
from20 May to 2 June (Figure 1). Although the activity was declining at
rel ease, the activity of fish transferred to seawater increased (Table 3)
Fish held at the hatchery and sanpled on 22 May just after release of the
mai n group averaged 19.5 cmfork length and wei ghed 65.9 g.

These fish were all sanpled by anesthetizing with MS-222, clipping the
necessary anount of filanment fromone or two gill arches, then returning the

fish to the pond. Only about 10% of the 210 animals tested failed to survive

2. DWORSHAK HATCHERY (PATHOLOGY SAMPLE NUMBERS 4061- 4120)

St eel head were sanpled once at Dworshak National Fish Hatchery on 24
April from pond 42, System Il, and generally appeared to be Parr. The average
gill Na+-K+ ATPase activity was 5.0 + 1.1, ranging from3.5to 7.2. Only one
group of 3 fish out of the 10 groups on which the enzyne activity was determ ned
had a hi gh enough value (7.2) to suggest even initial stages of snplt
transformation. Lack of physical and biol ogical signs of snoltification were
undoubt edly due to water tenperature which had been ranging from13® to 15°c,
and the upper limt which will permt snolting in steelhead is about 12%

(Zaugg, et al. 1972). The post-seawater hb+-K+AJPase activity increased

dramatically (Table 3).
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TABLE 3—.--Sumry data of viral smsays, BKD analyscs, ATPase enalyses, hemotological analyeas, plaams electrolytes, end survival in the seswster

pens of the 1978 homing study of fish.

10 day post seavater _Plasoa clectrolytes Meq/l _

entry gill ATPa Freshvater gill Hematological dats
T of latent BKD detectible activit/-umrles ATPase activity- (taken at Manchester
in the kidngy by FAT = pl/mgpe/h | ‘o pi/mg pr/h . upen arcdval) o Na B 11 S S S
Mean Mian

Spacimen Viral assays Etither/ Activity Memitocrit Hemoplobin . _ X
Stock and species nos. (results) Anterior Posterior Both both  Min. Max. X S0 _Date X o veluwe (X)_ g/100ml  n X SD_n_ X SD _n X __Sb.
Dworshak 4061-4120 IPN- 10.0 5.0 1.7 16.7 4.8 23.0 18.4 2.6 4-24-78 3.0 52.4 11.3 59 166.4 7.8 57 1333 9.1 59 1.0 0.8
steelhead confirmed
Leavenworth- 3901-3960 Negative 131 16.7 56,7 86.7 14,2 20,6 19.5 43 S5 378 1.8 43.) 8.9 60 16%.9 14.8 58 130.9 17,2 60 1.1 0.8
Chelan steclhead
Winthrop-Wells 4501-4560 1PN- 16,7 20.0 46,7 814 7.1 137 109 18 5- 318 11,0 53.6 11.4 58 150.3 11.1 SA 107.9 20.6 58 2.5 2.6
steeclhead conf frmed
Tuc annon 4601-4660 Negative 8.3 3] 10.0  21.6 10,9 23.4 17,6 4.6 5-8-78 18,2 48.5 9.7 60 159.5% 9.5 39 1il.6 6.5 60 2.4 2.6
steslhead 5-22-78 11.7
Kooskis 4001-4060 1PN- 1.7 8.} 70.0  90.0 170 33.0 22.6 3,0 4-24-78 18.1 39.1 6.6 37 114, 0 19.2 31 1041 7.9 not conducted
spring chinook confirmed
Willard coho 1 KO1-K60 Not ssssyed 6.7 3 5.0 15.0 - -~ "16.4 1.5 5 1-78 12.8 42.5 6.4 - 14,8 - - 120.¢4 - - 1.% -
wWillard coho 11 NO1-N60 Negative 6.7 3.3 6.7 16.7 - - 4,6 1.5 5-22-78 15.0 45.7 1.2 - 154.3 - - 1237 _ . 6.9 _
Willard cohe ITI  4661-4700 1PN- 1.9 20.) 8.5 40,7 17,4 25.) 22.5 2,9 6-8-718 8.9 «2,) 8.4 52 166.) 10.9 &) 115.6 7.6 52 5.8 2.1

4351-4370 conflirmed
Carson coho 4401-4460 1PN- 0 1.7 3.3 5.0 20.7 33,6 2B.2 4.0 4-27-78 1)) 32.9 4.7 39 159.4 1.3 3 124.4 31.3 39 4l M.k

conf {rmed

~ 8 days Expected ranges for clintcally healthy rainbov trout 24-4) g.h- 130-170 111-1%) 1.4-6.0
)
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TABLE . 3.--Continued.

Seawater survival (in net-pens) Causes of nortality during seawater culture
% .
Survi val Survival Survival. to Negative for ‘ ~ Aeromonas
N (%) 30 day (% as of N termnation pathogenic % Vibrio ERM Furuncul osi s hydeophila

Stock and speci es (start) post entry9-24-78 (end) (Cctober-1978) bacteria (% BKD (2) (%) (%) (%)
Dwor shak 178 46.4 10.8 7 3.9 73.4 0 15.6 7.8 3.1 0
st eel head
Leavenwort h- 180 80.0 20.0 28 15.6 44,9 0 55.1 0 0 0
Chelan steel head
W nt hrop- Vel |'s 179 105 0 4 2.2 2.0%% 0 1.3 0 0 0.7
st eel head
Tucannon 330 85.8 44.5 120 36.4 30.5 0 69.5 0 0 0
st eel head
Kooskia 180 98.8 50.0 66 36.7 36.8 10.5 42.1 5.3 5.3 0
spring chinook
W ! lard coho | 300 95.0 36.7 103 34.3 19.4 5.6 75.0 0 0 0
Wl lard coho Il 300 96.0 46.3 124 41.3 51.4 2.9 45.7. 0 0 (]
Wllard coho Il 300 97.0 43.3 118 39.3 34.2 7.9 57.9 0 [4] 0
Car son coho 180. 98.2 88.0 83 46.1 §2.4 4.8 42.9 0 0 )

**06X were classed as osmoregul atory stress.



3, CHELAN HATCHERY (TRANSFERRED To LEAVESWORTH HATCHERY) (PATHOLOGY

NUMBERS 3901- 3960) .

Chel an Hatchery steel head sanpl ed at Leavenworth Hatchery on 3 May gave
and average gill Na+-K+ ATPase activity of 7.5 + 1.8, with values ranging from
4.2 to 11.1. Wthout having previous sanples, it is difficult to determne the
degree of smoltification from ATPase activities. However, values of 4 to 6
(3 groups) probably reflected little or no smolting. Values of 7 and 8 (6 groups)
may have indicated some degree of transformation, while one group with 11 may
have been conpletely transformed. General appearance suggested that nost fish

were in a transitional state. Average fork length was 21.0 cm and weight 79.4 g.

4, VELLS HATCHERY (TRANSFERRED 1O W NTHROP HATCHERY) STEELHEAD

( PATHOLOGY NUMBERS 4501- 4560) .

Na+- K+ ATPase activities were determ ned on representative sanpl es of
Vells Hatchery steel head, sanpled at Wnthrop Hatchery on 3 May. These fish had an
average gill Na+-K+ ATPase activity of 17.0 + 5.1, with values ranging from 11.6
to 26.6. The sanpled fish averaged 22.5 cm fork length and weighed 102.2 g and were
judged to be in a good snolted condition. However, this was the only group of
fish sampled in which the gill Na+- K+ATPase val ue declined significantly after

transfer to seawater.

B. PLASMA ELECTROLYTES.

Sodium potassium and chloride ion levels in plasm were determned for
fish near the tine of release. This may be the first collected data on plasm
electrolyte levels for steelhead; the published literature contains data for

rai nbow trout only.
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A conpilation of data on rainbow trout by Mles and Snmith (1968) suggests
expected values (in fresh water) of 130-170 meq (milliequivalents) /I for Na;
1.4-6.0 nmeg/! for K, and 115-155 neg/l for C. Hicknman, et al. (1964) reported
pl asma Na ranges of 152-172 meq/l; d ranges of 111 to 145 neqg/l; and K ranges
of 3.5 to 4.2 nmeq/l at tenperatures of 6 and 16'C

Combi ning these reported ranges, we could expect the followi ng ranges to
be normal or near normal: Na+ 130 to 172 neg/l; C- 111 to 155 nmeg/l; and

K+ 1.4 to 6.0 meq/l.

1. TUCANNON HATCHERY.

The summary data for plasma electrolytes for the homng stocks are |isted
in Table 3. The nean values for Na, K, and d of the Tucannon steel head fall
within the expected ranges for rainbow trout. However, 43.3% of the Tucannon

Hat chery sanples were below the mninmm range reported for K in rainbow trout.

2.  DWORSHAK HATCHERY.

The mean plasma Na val ues for Dworshak Hatchery steel head (Table 3).
wer e consi derably higher than Tucannon Hatchery steel head (166.4 neqg/l); mean
ad values were sinmilar to the Tucannon fish (133.3 neg/l), but both are within
the expected range for rainbow trout. The nean plasma K values were considerably
lower (1.0 meqg/l) than the Tucannon steel head, and definitely | ower than the
| onest expected values for rainbow trout. There were no sanples with K levels
above the maxi mum expected for rainbow trout and 76. 2% were bel ow the m ni mum
expected value for rainbow trout. The latter could be stress related or since
the fish were sanpled at the hatchery, a general hypokal emc (| ow blood K+)

condi ti on.
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3. CHELAN HATCHERY.

The plasma el ectrolytes of the Chelan Hatchery steel head were quite
simlar to the Dworshak Hatchery fish (Table 3). The nmean sodium and chloride
values were near the upper limts reported for clinically healthy trout. The
pot assi um val ues were low, as 63.3%of the sanples were bel ow the mini num
for clinically healthy rainbow trout, again indicating possible stress
factors. None of the potassiumvalues were above the nmaxi numreported for

rai nbow trout.

4. WELLS- W NTHROP HATCHERY.

There were noticeable differences in the plasnma el ectrol ytes of the
Vel | s-Wnthrop steel head when conpared to the other steel head stocks in these
studies (Table 3). First, the nean plasma K levels were almst identica
to the Tucannon Hatchery stock (whichwere within the | ower ranges expected
in healthy rainbow trout), but again with a large variance; 41.3% were bel ow
the mnimum expected value, and 8.6% were above the maxi num expected val ue.
The nmean Na value of 150.3 nmeq/l is well within the expected range for healthy
rai nbow trout, but the nean d value fell bel ow the m ni mum expected val ue for
healthy rainbow trout. The nean Na and C values were the |owest of any of
the steel head stocks surveyed and statistically they were significantly
different from the mean values of the other steelhead stocks. There was a
high nortality in transit to Manchester and even though the survivors were
rested for 7 days prior to sanpling, these |ower comparative values may be

a reflection of that or sonme other stress factor.
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Cc. HEMATOLOGY

There is no published information avail abl e on henatol ogi cal val ues for
normal wild or hatchery reared steelhead. Therefore, we can only make
conparisons to the wide range of hematol ogical values that appear in the
literature for rainbow trout.

Houston and DeWlde (1968) reported the nmeans and variances of
hemat ocrits and henogl obins for rainbow trout as 31.6 + 0.3% and 7.4 + 0.15
g henogl obin/ 100 m bl ood, respectively. Wdeneyer and Yasutake (1977)
point out the clinically healthy rainbow trout can be expected to have
hematocrits ranging from24 to 43% and henogl obin values ranging fromb5.4
to 9.3 g/100 M blood. Banmhart (1969) sanpled several strains of rainbow
trout fed two different diets and found nmean hematocrit values ranging from
28.2 to 31.7% with individual hematocrits ranging from 11l to 44% and nean
henogl obi n values ranging from6.5 to 7.7 g/100 mM bl ood, with individual
henogl obins ranging from2.2 to 13.0 ¢g/100 m bl ood.

McCarthy et al. (1973) studied the Kam oops variety of rainbow trout
and found nmean hematocrits of 39.5% (range: 30-49% and nean henbgl obin
values of 7.5 g/100 m blood (range: 5.2-12.9 ¢g/100 m). The 96%
percentile ranges were: Hct - 24.0-43.0; Hb - 5.4-9.3.

Wedermeyer and Nel son (1975) reported simliar values for the Shasta
strain of rainbow trout. The neans and percentile range estimtes were:

Het - 34.1%(24.0-43.0); Ho - 7.6 g/100 blood (5.4-9.3).

Sni eszko (1960) studied different size groups of rainbow trout, and

found that fish averaging 142 mm long had nean hematocrits of 45.3% and,

fish averaging 235 mmin length had mean henmatocrits of 53% Approxi mately
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10% of the smaller trout and 73% of the larger trout had hematocrits of 50%
or nore. The nean henogl obin value of the larger fish was 8.7 g/100 m .
Most steel head snolts would be between these two size groups.

1. TUCANNON HATCHERY.

The summari zed data of the hematocrit and henogl obin values for the
Tucannon steel head are presented in Figure 2. The nean hematocrit (48.6%
and henoglobin (9.9 g/100 m bl ood) values were hi gher than the nmaxi num
expected val ues for rainbow trout reported by Wedeneyer and Yasut ake
(1977); 72.2% of the hematocrit val ues were above 43% and 55.0% of the
henogl obi n values were above 9.3 g/100 nm bl ood.

The bl ood sanpl es were taken 48 hours after they arrived at Manchester
(see Table 1) and there was no great deviation in water tenperatures.
Therefore, these high nmean values should not be due to transport stress.
Ot her evidence suggests that the fish were reasonably healthy, and these
data may reflect normal values for steelhead, or they may be related to
smol tification.

2. DWORSHAK HATCHERY.

Wedeneyer (unpublished data) found mean henmatocrit val ues of 40% (+3)
and henogl obins of 9 g/100 m (+3> when he sanpl ed Dwor shak steel head
smolts in 1977. This is considerably lower than the values we obtained in
1978. The summarized data for the hematocrit and henogl obin values for the
Dwor shak hatchery steelhead are presented in Figure 3. The nean
hematocrits (52.4% and henogl obins (11.5 g/100 m bl ood) are higher than

the Tucannon Hatchery steel head, and 78.0% of the hematocrit and 88.3% of
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t he henogl obi n val ues were hi gher than the maxi mum expected val ues reported
by Wedeneyer and Yasutake (1977) for clinically healthy rainbow trout.

None were lower than the mininum Al blood sanples for henatol ogy and
plasma el ectrolytes were collected at the Dworshak Hatchery. Therefore,
these elevated val ues cannot be attributed to transportation stress.

3. CHELAN HATCHERY.

The summarized data for the henatocrit and henogl obin values for the
Chel an- Leavenworth Hatchery steelhead are presented in Figure 4. The nean
values are within the ranges that Wdeneyer and Yasutake (1977) reported
coul d be expected for rainbow trout, but 50.0% of the hematocrit values are
above the expected maxi num of 43% and 31.7% of the henpglobin values were
above 9.3 ¢/100 nl blood. Sone of the hematocrit values were bel ow the
m ni num expected (24%, and only 1.7% were bel ow the m ni mrum henogl obi n
val ue.

4. VELLS-WNTHRCP HATCHERY.

The summarized data for the henmatocrit and henogl obin values for the
Wl ls-Wnthrop Hatcheries steelhead are presented in Figure 5.  The nean
values were the highest of any of the steelhead groups studied, as 94.7% of
the hematocrits were above the expected nmaxi num (43% for rainbow trout,
and 85.0% of the henogl obins were above the naxi mum val ue expected (9.3
9/ 100 m).

The generally high nean henmatocrit and henogl obin values for all of the
steel head stocks may reflect a normal hematol ogical condition for these
anadronous strains of the rainbow trout; or, they may be associated with

mld dehydration as one physiological aspect of snoltification.
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D. VIRAL SCREEN NG

No confirned evidence of common viral pathogens could be found by the
private contract laboratory in the Tucannon or Chel an-Leavenworth Hatchery
st eel head, but infectious pancreatic necrosis (IPN virus was confirmed in
t he Dworshak and Wl ls-Wnthrop populations. The conplete results of the
viral screening are presented in Appendix A

E.  INDIRECT FLOLJRESCENT ANTIBCDY TEST FOR BACTERI AL Kl DNEY DI SEASE

(I FAT-BKD), AND RELATI VE SURVI VAL OF STEELHEAD | N THE SEAWATER

PENS.

1. TUCANNON HATCHERY.

The incidence of BKD as determ ned by |IFAT was 13 out of 60 (21.6%,
with 6 fish (10.0% positive for both anterior and posterior kidney
involvenent; 5 (8.3% wth anterior kidney involvement only; and 2 (3.3%
with posterior kidney involvenent only (Table 3).

The 30-day survival of the fish cultured in the seawater net-pens was
86% the full term survival was 36% (which is relatively high for steel head

cultured in net-pens); and, no gross BKD lesions were found in necropsied

fish (see Table 3).

2. DWORSHAK HATCHERY.

The incidence of BKD in this group as detected by |FAT was 16.7% The
level of infection was light, as only 1.7% of the fish had involvement in
both posterior and anterior kidney; 10.0% in anterior kidney only;, and 5.0%
in the posterior kidney only (Table 3).

The 30-day survival of the Dworshak steelhead in the seawater net-pens
was 46.42, and the survival through termination was approxinmately one-tenth

that of the Tucannon Hatchery steelhead. None of the nortalities
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oosted could be attributed to BKD, and only 26.6% of the nortalities posted
could be attributed to bacterial pathogens (Table 3). A small percentage
of the nortalities posted were due to ERM di sease or furuncul osis. \\hether
these were latent or transmtted in seawater is not known, as the hatchery
records (Tahle 2) made availahle only indicate a treatment for externa
parasites with Formalin.

3. CHELAN- LEAVENWORTH HATCHERY.

The incidence of BKD in this group as detected by |FAT was 86. 7% w th
56. 7X invol verent in both anterior and posterior kidney (Table 3). The
30-day survival of the fish cultured in the seawater net-pens was 80.0%
the full termsurvival was 15.6% and no BKD | esions were seen in the
necropsied fish (see Table 3).

The hatchery records (Table 2) indicate that this stock suffered a
37.5% nortality during freshwater rearing and were fed nedicated diets to
treat a nunber of diseases.

4, WELLS-WNTHROP HATCHERY.

The incidence of BKD in this group as detected by |FAT was 85.0% with
46.7% invol verent in both anterior and posterior kidney (Table 3). The
30-day survival of the fish cultured in the seawater net-pens was 10.5%
the full termsurvival was 2.2% and no BKD | esions were seen in posted
mortalities. The large nortality during the first period was attributed to
osnoregul atory stress (Table 3).

No statistically significant correlations were found between the
i nci dence OF BKD by TFAT and hematocrits or henbglobins in the steel head

st ocks studi ed.
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H STOPXTHOLOGY

A detailed report on the exam nation and interpretation of selected
tissue sections fromthe random sanples i S presented by the contract
veterinary pathol ogist in Appendix B. A summary of the pathol ogica

conditions observed, their severity, and their frequency of occurrence is

presented in Table 4. The severity is ranked as: |. Recognizable (Ieast
severe); |I1I. [ nt er nedi at e; and |I1. Severe . Sote that the i ncidence
of rank 11 and Ill severity was low for all conditions encountered

(Table 4).

Al though the pathol ogist did not find grampositive bacteria in either
the kidney or liver tissue of the three steel head stocks exanined, the nore
sensitive TFAT tests of kidney tissue smears from the sane specinens did
reveal the presence of BKD organi sins.

In general, the pathological conditions observed in the three steel head
stocks were not w de-ranging and nay not significantly effect honing
response or survival. However, there were several donminating conditions
that appeared in all three stocks, and it may be of interest to sunnarize
the probabl e causes.

Anal ysis of the pathologist’s data indicate that all of the steel head
stocks had lesions (both degenerative and regenerative) in the skeletal
nmuscl e of the eye; both recognizable and of internediate severity.

Recogni zabl e retrobular fat necrosis (death of fatty tissue behind the
eyeball) was evident in the Dworshak steel head. These ocul ar |esions my
be the result of an unfulfilled nutritional requirement and/or possible

nutritional disorder.
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The pat hol ogi cal conditions in gill tissue were doninated by increased
nunbers of |ynphocytes in gill tissue and epithelial cell proliferation.
These observations may be indicative of very mld exposure to antigens,
including pathogenic mcro-organisns, and the mldest possible form of
nutritional gill disease. Second in frequency of occurrence was the
presence of ciliated protozoan parasites in the Dworshak steelhead. The
inci dences of gill pathology were the |east frequent in the Tucannon
st eel head.

The available hatchery records (Table 2) indicate that the steel head
mortality in the Tucannon Hatchery was 43% and in the Wlls-Wnthrop pond
and hatchery, 28%

[1.  SPRING CH NOOK SALMON: KOOSKI A HATCHERY ( PATHOLOGY SAMPLE MUMBERS
4001- 4060) .

A. G LL ENZYME ANALYSES.

Spring chinook salnmon from Kooskia Hatchery had an average gill
Na+- K+ ATPase activity of 18.1 + 2.8 on 24 April. Values ranged from
14.0 to 22.7 (Table 3), and the activity continued to increase after
transfer to seawater. A small group of O-age spring chinook salmon sanpled
at the same tinme had an average activity of 6.2.

B. PLASMA ELECTROLYTES.

Only plasma Na and C were determined for the Kooskia Hatchery spring
chinook salnon (Table 3). The nean values (Na = 114 neg/l; O = 104 meq/l)
were apparently lower than a Leavenworth Hatchery spring chinook sal non
stock (Na = 150 neq/l; C = 108 nmeqg/l), and the Kalama Falls Hatchery
spring chinook sal non stock (Ka = 137 nmeq/l; O = 116 neg/l) sanpl ed during

the same period. There are apparently very little published data on plasm

el ectol ytes of spring chinook sal mon.
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C.  HEMATOLOGY.

The summari zed data for the hematocrit and henogl obin val ues are
presented in Figure 6. The nean values (39.1% 6.6 g/dcl blood) are
probably normal. Unpublished data from salmon diet studies in O egon
indi cate expected mean hematocrits for spring chinook salnmon ranging from
24.2 to 38.0% and 35 to 39% for fall chinook sal non. Qur own experience
has indicated that hematocrit values below 28% in Pacific salmn nay be the

begi nning stages of a number of problens, and only 8.3% of the Kooskia

Hat chery fish fell below this level.

D. VIRAL SCREENI NG (SEE APPENDI X A).

Rangen Laboratories found only 5 out of 12 pools negative for virus on
the first screening, and IPN virus was confirmed in this stock.

E. | FAT-BKD.

The Kooskia Hatchery spring chinook salnmon had the highest incidence of
BKD (as determined by IFAT) for any of the honming stocks screened,with a
total incidence of 90% and a 70% i ncidence of infection in both kidneys
(Table 2). It was not possible to determine if there was any correlation
of BKD to hematol ogy because of the |ow nunber of noninfected fish in the
sanple for conparative analysis.

The 30-day survival of this group (Table 3) in the seawater net-pens
was the highest of any honming stock tested in 1978 (98.8% . The seawater
survival through termnation of the tests (COctober 1978) was 36.7% and

10.5% of the nortalities posted had grossly visible BKD lesions in the

ki dney, spleen, or liver. This follows the typical pattern that we
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have seen in the past: nortality in seawater due to latent BKD infections
generally begins in the fall and may take nore than 2 years (Ellis et al
1978). A snall percentage of the nortalities posted fromthis group
(Table 3) were from ERM di sease or furuncul osis. Wether this was |atent
or transmtted in seawater is not known.

F.  H STOPATHOLOGY ( SEE APPENDI X B).

The maj or difference between the other hom ng stocks and the Kooskia
Hat chery spring chinook salmon (Table 4) are: 1) the incidence of nuscle
lesions of the eye is |I/5-1/6 that of the steelhead and |/3-1/4 that of the
coho salnmon; 2) there is a very high incidence (95% of increased
| ymphocytic activity in the gills; 3) the pathologist was able to find BKD
(by tissue gramstain) in both liver and kidney (5%, and even though the
sensitivity was approximately 1/20 that of the IFAT, the level of infection
must have been conparatively greater than that in the steel head; 4)
granul omat ous | esions (26.6% and nephrocal cinosis (34.6%, a condition of
cal ci um phosphate precipitation in the renal tubules, doninated any
pathol ogy of the kidney. If the latter conditions are secondary results of
| ow-1evel BKD infections, they could inpair the process of excretion.

The hatchery records (Table 2) indicate that this group was treated for
external parasites with Fornalin, which may account for some of the
increased |ynmphocytic activity in the gill tissue
[11. COHO SALMON.

A G LL ENZYME ANALYSES.

1. CARSON HATCHERY (patHoLocy SAMPLE nNuMvBeRS  4401- 4460) .

The Carson Hatchery coho salnon were sanpled on 27 April. GII

Na+- K+ ATPase activities averaged 11.1 + 1.3, ranging from8.8 to 12.4.
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Sone parr marks were still visible, but ventral fins were becomng clear.
These indications suggested that snolt transfornmation had begun.

2. WLLARD HATCHERY ( PATHOLOGY NUMBERS 4661-4700 AND 4351-4370).

A conplete freshwater gill Xa+-K+ ATPase profile was conducted on
the Wllard Hatchery coho sal non.

The first external signs of smolting were noticed on 26 April, at a
time when gill Na+-K+ ATPase activity was 10.2. Three rel eases were
made to coincide with groups used in the homng study. A high percentage
of the fish were at or near smolt stage on the first two rel eases
(Figure 7), one comng before peak activity and the other (24 My) com ng
just as the Na+ K+ ATPase decline started. At the time of the third
release (8 June) parr reversion was well in progress as indicated by the
average Na+-K+ ATPase activity (about 9). Very few fish fromthese
three releases were obtained from the Jones Beach recapture operation.
Only one, fromthe third release, was obtained for Nat-K+ ATPase
det er mi nati on.

Average sizes of fish sanpled near the three release tines were: 1)
12.5 cm 21.8 gq; 2) 12.5 cm 22.4 g; 3) 13.6 cm 27.9 g.

B. PLASMA ELECTROLYTES.

Mles and Snmith (1968) reported on plasna el ectrolytes in hatchery coho

salnon.  Spring sanples of fish in fresh water averaging 12.5 g were as

fol | ows:
X (meqg/l) Range (rmeq/l>
Na+ 146.7 130. 0-168.0
a- 117.3 90.9-132.6
K+ 8.1 1.8 = 19.0
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Qur own studies of Colunbia River Hatchery coho salnon in 1978 resulted
in the following ranges of mean values for plasma el ectrolytes:
Na+ 140.8 - 170.0
cl- 113.4 - 140.8
K+ 5.7 - 8.4

1. CARSON HATCHERY.

The nean plasma el ectrolytes for the Carson Hatchery coho sal mon
(Table 3) were well within these ranges. The Nat+ values ranged from 126
to 178 nmeqg/l (x= 159.4). d- values ranged from 102 to 137 neq/l (x =
124.4), and K+ values ranged from0.8 to 7.8 meg/l (X = 4.1).

2. WLLARD HATCHERY.

The mean Na+(144.3 meqg/l), O- (115.4 neqg/l), and K&+(5.8 neqg/l)
values were well within the expected levels for clinically healthy coho
sal non as prescribed by Mles and Smith (1968).

C. HENATOLQGY.

Wedenmeyer and Chatterton (1971) list normal expected val ues (for coho
salmon) in fresh water of 32.5 to 52.5% for henmtocrits and 6.5 to 9.9
g/ 100 m bl ood for henpgl obi ns.

1. CARSON HATCHERY.

The nmean hematocrits (32.9% of the Carson coho sal non were close to
the expected low, and the mean henogl obin val ues (4.7 g/100 ng bl ood) were
bel ow the |owest expected value for clinically healthy fish (Figure 8).
There were 41.3% of the hematocrit values below the expected |ow val ue
(32.5%, and none of the fish were above the high (52.5%. About 91.4%
of the henogl obin val ues were below the expected mninmum for clinically
heal thy coho salnon (6.5 g/100 ng), and none were above the high

9.9 g/100 ).
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2. WLLARD HATCHERY.

The summarized data for the hematocrit and henogl obin values are
presented in Figures 9a, b, and c. Mean hematocrits from all three rel ease
groups (Table 3) were in the mddle of the range expected for clinically
heal t hy coho salnon (32.5 to 52.5% as proposed by Wedeneyer and Chatterton
(1971). The mean henogl obin val ues (6.4 g/ 100 M. bl ood) of the first
rel ease group (1) were slightly bel ow the expected (6.5 to 9.9 g/100 m).
The hematocrit values (Figure 9a) of the Wllard | coho sal non were widely
spread.

The change in the percentage of fish above or below the expected val ues
of hematocrit and hempbglobin are listed below Mles and Smith (1968)
reported a decrease in hematocrits in coho salmon yearlings in early April
followed by an increase in early My, but they did not report on henogl obin
values. In the case of Wllard Hatchery coho salnmon, there is a continuing
shift of both mean and expected values to a higher level with the
progression of spring. This could be a physiological adjustment to mnor

decreases in avail abl e oxygen.

Hemat ocrits Henogl obi ns
% of normal expected val ues % of normal expected val ues
Rel ease group Bel ow Above Bel ow Above
(A (A (A (A
I 10.2 18.4 56.3 0
[ 5.7 9.4 29.3 3.4
11 6.9 3.4 5.1 13.5
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D. VRIAL SCREENI NG (see APPENDI X A).

1.  CARSON HATCHERY.

The Rangen Laboratories only found 6 out of 12 pools to be negative for
virus in this stock, and IPN virus was confirned

2. WLLARD HATCHERY.

Rangen Laboratories conducted tests on the Wllard Hatchery Il and ||
rel ease groups only. In the Il group, there were no negative pool ed
sanples, and IPN viruses could not be confirmed. In the Ill group, there

were five negative pooled sanples, and IPS virus was confirmed in some of
the remaining positive groups.
E. | FAT- BKD.

1. CARSON HATCHERY.

The incidence of BKD as determined by |FAT was only 5% and there were
no denonstrably abnormal hematocrit or henoglobin values in the infected
fish.

The 30-day survival for the Carson coho sal non was 98.2% and the
full-term survival (46.1% was the highest of any of the 1978 honing stocks
exanined (Table 3). In spite of the |ow incidence of BKD, 4.8% of the
nortalities exanined were determined to have gross BKD | esions in the
ki dneys.

2. WLLARD HATCHERY

Ki dneys were sanpled fromall three release groups for BKD screening.

The incidence of infection between group | and Il was al nost identica

(Table 2), but 2 weeks later (group Ill), the percentage of BKD infected

fish rose sharply. Mst of this increase was in what night be
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consi dered new hosts (anterior or posterior only). Because of the small
sanple size, it may not be possible to relate the incidence of BKD to
hematocrit or henoglobin levels. However, the data (below) do show a trend

of decreasing hematocrit values with increasing |atent BKD infection in the

ki dney.
% Hematrocrit g henogl obi n/ 100 m bl ood
n Mean Vari ance n Mean Vari ance
No detectable BKD 34 43.8 7.1 35 8.9 1.4
Anterior or post-
erior BKD only 18 41.3 5.2 18 7.8 1.2
Both posterior and
anterior Kidney
i nfected 5 37.6 6.8 5 8.2 1.2

There were nortalities from gross BKD in all three groups cultured in
the seawater net-pens (Table 3), and the percentage of nortalities with
grossly detectable BKD was highest for the group Il fish. The initial (30
day) survival in all 3 groups was quite high (and sinmilar), but the
survival to termnation of the tests was only 34 to 41% This high early
survival in all 3 groups at least indicates that osmoregulatory stress was
mniml. The 7.9% nortality in the group Il fish due to gross BKD is

disturbing in that it indicates a possible delayed nortality due to |atent

BKD in this stock.
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F.  H STOPATHOLOGY (SEE APPENDI X B).

1. CARSON HATCHERY.

There was a recognizabl e incidence of skeletal nuscle lesions of the
eye (27.1%, recognizable increased nunbers of |ynphocytes (74.6% and
epithelial cell proliferation (61.099 in the gills, and a 76.8% incidence
of basophillic granular organisns in the gills (Table 4). These latter
structures stained gram negative and may represent microsporidian protozoan
parasites.

The incidence of BKD as detected by tissue gram stain was 1.7% in the
liver and 1.7% in the kidney. Even though the incidence of BKD as detected
by IFAT and tissue gramstrain was |ow, tissue involvenment in individually
infected fish in the total population nmust have been significant because we
woul d not expect a 4.8% nortality in the sea-pens from BKD with such a |ow
I nci dence level (5%by IFAT). There was grampositive debris in the kidney
tubules (6.8%, and other gramstaining material in the tissue (3.4%.

Table 2 is the hatchery record for the Carson Hatchery coho sal non, and
indicates the fish were treated for furunculosis and probably some external
parasites, but not BKD.

In general, these fish were in excellent condition, but the total
evi dence suggests that there could be a long termnortality due to |atent

BKD of at |east 5%

2. WLLARD HATCHERY (GROUP |11 FIsSH ONLY).

Recogni zabl e pathol ogical conditions of the eye were at sinmilar levels
to those of the Carson Hatchery coho salmon, but there was a considerable

reduction in the percentage of fish with any gill pathol ogy,
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particularly those fish wth evidence of basophillic granular organisns
(Table 4). There were no detectable incldences of BKD organisns in |iver
or kidney (as determined by tissue gramstain), no evidence of gram
positive staining debris, and no evidence of other gramstained material in
tissue. This would seemto indicate that the severity of individual BKD
infections was |less than that of the Carson Hatchery coho sal non. However,
the fact that the known BKD nortalities in seawater culture ranged from2.9
to 7.9% and that the |FAT-BKD |evels ranged from 15.0 to 40. 7% shoul d be
sufficient evidence to indicate that latent BKD could be a serious problem
and might be the direct cause of a 5 to 10% nortality in the ocean.

Table 2 lists the available hatchery records of the Wllard Hatchery
coho salnon.  Although BKD and furunculosls were two of the diseases
detected in these fish, there was no evidence of furunculosis in seawater
nortalities posted. This may have been the result of effective nedication
(for gram negative organisns) with TM50.

COVPARATI VE VI RAL ASSAYS FROM SURVI VI NG FI SH | N SEAWATER NET- PENS

Three hundred fish from each of the stocks of fish sanpled during the
course of this study had been maintained in salt water at the NWS
Manchest er Laboratory since the time of sanpling as part of the test for
saltwater adaptation and survivability. In an attenpt to expand upon the
results of the viral Isolation tests during the course of the freshwater
smolt phase of the study, those stocks surviving saltwater introduction in
sufficient nunbers were sanpled by USFWS personnel fromthe Nationa
Fi sheries Research Center in Seattle, Washington, according to the nmethods
described previously in this report. Paired tissue pool sanples were
tested for the presence of virus by both the National Fisheries Research

Center and the Rangen Research Laboratory.
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A total of 11 saltwater stocks and one additional stock that had been
held in fresh water at the NMFS Yontl ake Laboratory in Seattle were
exam ned. Al twelve stocks had been found to be infected with IPN virus
at the tine of hatchery release as reported in the foregoing report but
were found (by both USFWS and Rangen) to be negative for virus after a
sal twat er nmi ntenance period of 155 to 200 days. Based upon the evidence
for variation in the clinical presence of IPN virus and infectious
henat opoetic necrosis (IHS) with regard to age, species, and stress
conditions, it is not unreasonable to assune that the virus could well have
returned to subclinical undetectable levels following a reduction in
snoltification stress by acclimation to salt water. Serol ogical
surveillance of these sanme stocks may have provided a tool with which prior
exposure could have been denonstrated in the absence of any clinical

i solations of the virus.
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SUMMARY AND CONCLUSI ONS

The health status of the stocks was quite variable as could be
expected. The Dworshak and Wells Hatcheries steelhead suffered from sone
early stresses in seawater, probably osnmoregulatory. The incidences of
latent BKD in the Wells and Chel an Hatcheries steel head and Kooskia
Hat chery spring chinook sal non were extrenmely high, and how these will
effect survival in the ocean is not known. GII enzyme activity in the
Dwor shak and Chel an Hatcheries steelhead at release was low. O the
s teelhead, survival in the Tucannon Hatchery stock will probably be the
hi ghest, with Dworshak Hatchery stock the | owest.

The anal yses conducted by the veterinary pathologist indicate that
overall there was no evidence of serious pathological conditions that m ght
be disastrous to any given stock, but at this time it is also difficult to
interpret the results of certain types of clinical pathology that have
either not been previously reported or extensively studied. For exanple,
if the 77% incidence of basophillic granular organisns in the gills of the
Carson coho sal non does represent an infestation of mcrosporidian
protozoan parasites, is the intensity of infestation severe enough to cause
irrepairable danage that mght af feet survival?

The results of the viral assays are questionabl e because the Rangen
Laboratory is the only one that found evidence of viruses in these stocks
(however, the veterinary pathologist did find evidence of a pox-type virus
in one kidney from the Kooskia Hatchery spring chinook salnmon). Secondly,
even if the virus identification were substantiated, we cannot be sure of

the significance of positive test results.
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However , this variation is food for thought in how survival of
i ndi vidual stocks nmight be inproved in the future through a closer
exam nation of dietary and environmental requirements, and nmonitoring the

i nci dence of sub-clinical diseases by random sub-sampling of populations.
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I | NTRODUCTI ON

In the spring of 1978, the National Marine Fisheries
Service (NWFS) Manchester, Washington |aboratory began a
study to evaluate various factors pertinent to the successful
snmol tification, ocean survival, and adult return of selected
anadronous salnonid fish stocks of hatchery origin in the
Col unbi a Ri ver basin. A portion of this study was devoted to
ascertaining the general health profile of each stock at the
time of snoltification and imrediately prior to hatchery
rel ease andnat ur al Qut-mgration into sal twat er. The
purpose of this general health profile was to determne the
occurrence and incidence of selected infectious diseases known
to be potentially inportant to the growh and survival of
sal monid fishes in general. The health profile data
acquired can then be used in the evaluation and interpretation
of other data obtained having to do with the relative success
of saltwater adaptation, survival, and hatchery return
potential .

M grant hatchery fish stocks were exam ned for selected
viral, bacterial, and parasitic disease agents using a w de
variety of techniques as described in the parent NWVFS pro-
ject report. This report concerns itself only with the work
contracted by NMFS to the Rangen Research Laboratory under
Rangen Contract #2-78 (USDC/ NOAA Purchase order So. 02-78-
MOZ- 00189) and titled THE SURVEILLANCE OF VIRUS DI SEASES I N
SELECTED HATCHERY STOCKS OF SALMON AND STEELHEAD SMOLT IN
THE COLUMBI A Rl VER BASIN DURI NG 1978. It pertains to that
portion of the general health profile dealing with the
screening of selected populations for the presence of
important viral pathogens known to infect salnonid fish in
North Anerica. I ncl uded anong these pathogens are infec-
tious pancreatic necrosis (IPVN), infectious hematopoietic
necrosis virus (IHVN), and Herpesvirus salnonis as well as
any additional agents capable of 1nducing specific cytopathic
effect (CPE) under the given conditions of surveillance.

The virus disease nost comonly associated with Pacific
sal ron and steel head trout stocks in the Pacific Northwest is
i nfectious hematopoietic necrosis virus (IHVX). | RVN was
first recognized in 1951 in sockeye sal non (Onchcrhynchus
nerka) at Leavenworth Hatchery and kokanee sal non (| and-
| ocked sockeye salnon) a Wnthrop Hatchery. The virus was
isolated for the first tine from sockeye salnmon in 1958
(Wod, 1974). The disease is known to cause significant
nortality in hatchery popul ations of Pacific sal non and
steel head trout as well as other salnonid species all
along the Pacific coast of North America from California
to Alaska and is considered endemc to many watersheds
including the Colunbia River system

IHVN 1 nfection results in a peracute to acute course
of infection resulting in high levels of nortality in
chi nook salnmon (Onchorhynchus tshawytscha) and an acute
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to subacute infection of sockeye sal nobn. The disease is
characterized, as its nane inplies, by destruction of
hemat opoi etic tissues resulting in an acute anem a
henorrhage, and often severe nortality anong fry and
fingerling fish under hatchery conditions. Tnfcction
seens to be primarily verticle in nature with the disease
being transmtted vertically with the eggs and reproduc-
tive fluids of asynptomatically infected returning brood-
st ock. The coho sal mon (Onchor hynchus tshawytscha) appears
to be nore resistant to IHVN infection than the other
species of Pacific salnmon but can function as an asynp-
tomatic carrier in the maintenance and dissem nation of

t he di sease (Wl f, 1972).

Survivors of an epizootic infection of IHNV are known
to carry the virus in an eclipse phase typical of the
rhabdovirus group of which it is a menber. During this
asynptomatic carrier state, the virus is not detectable
by present nethods of surveillance and is presuned to be
non-i nf ecti ous. This period of subclinical infection
includes the time of physiological transition to salt-
wat er known as snoltification. The | atent effects of
its presence upon snoltification, ocean survivial, and
adult return are not known at this tine. However, the
detectabl e infectious virus has been shown to reappear
imediately prior to spawning in infected popul ati ons of
returning adults and is readily transmtted to the
progeny at this tinme.

The early epizootiology of suspected viral diseases
including ITH\V in the Colunbia River drainage is reviewed
by Parisot et al. (1965). Several extensive surveys to
determ ne the incidence and distribution of the virus
have been conducted since that time in selected stocks of
Colunbia R ver trout and salnon. In 1972, Anmend and Wod
reported than no IHNV could be found in Colunbia R ver
stocks of Pacific salnon returning to 15 selected hatch-
eries in the State of Washington. These findings were
based upon the extensive sanpling of 130 to 150 ovarian
fluid sanples taken from each population at the tine of
spawni ng. Tebbit and MM chael (1973) found no evidence
of THNV in 10 Colunbia River salnon stocks returning to
hatcheries in the State of Oregon during 1971 and 1972
However, in 1973 they reported the confirmed isolation
of IHNV from an adult spring chinook sal mon stock return-
ing to Oregon's Pelton Dam Hol ding Facility. Nunmer ous
addi tional studies have been undertaken by various state
and federal agencies in subsequent years but have often
failed to be conprehensive in design and execution and
their results are often not readily avail able.

Even though |IHNV has not been found to be a major
probl em for Colunbia R ver stocks of chinook salnon, in
general, it does continue to pose a threat to this
species as well as sockeye sal non under hatchery condi-
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tions. The real occurrence and incidence of IHNV is stil
not well defined due to problens in the detection of
asynptomatic carrier states of infection during the eclipse
st age. Know edge is also lacking on the possible residua
effects of the carrier state infection on successful snolt-
ification, saltwater survival, and adult return. The

di sease remains endemic to the watershed and has been
increasing in its known host range, geographical distrib-
ution and physical tolerances such as tenperature.

Anot her salnmonid virus, Infectious Pancreatic Necrosis
Virus (IPNV), has not often been associated with or consid-
ered a problem in Pacific sal non stocks, PNV is known
to be endemic in the Colunbia R ver drainage but is prinar-
ily recognized as a reovirus disease of trouts and chars.

It is also knowmn to be capable of infecting Atlantic, coho,
and chinook salnmon (Fish Health Section. 1974).

IPNV is considered to be the same disease originally
described by M gonigle (1941) in brook trout (salvelinus
fontinalis) and Atlantic salnmon (Salnpo aslar) in hatcheries
in the Canadian maritime provinces and |ater confirmed by
MacKel vie and Artsob (1969). The di sease was first iso-
lated in the Western United States in 1963 by Parisot, et
al .

| PNV disease is typically characterized by a peracute
to acute course of infection and nortality of fry and
fingerling fish or a subacute to chronic infection of
| arger fish up to and including yearling sizes. The
infectious agent is readily transmtted horizontally
t hrough the water between fish by neans of infected feces
and urine from clinically diseased or asynptomatically
infected carrier fish. It is also readily transmtted in
a vertical manner from asynptomatically infected adult fish
to their progeny via infected reproductive fluids and eggs.
Survivors of an epizootic infection often remain asynpto-
matic carriers for life and continually shed the infect-
ious virus into the water. The di sease has been shown to
be transmitted in the natural environnent to susceptible
stocks and maintained in wild and feral populations for
extended periods of tine with the incidence of infection
gradual |y decreasing over time when no new introduction
is made (Yamanoto, 1975). Sonstegard (1970) al so showed
long term survival of IPNV in the gastrointestinal tracts
of selected non-salnonid fishes, picivorous birds, and
aquatic invertebrates.

Until 1968, |PNV has not been known to occur in any of
the Pacific sal non speci es. However, in July of that year,
Wl f and Pettijohn (1970) isolated the virus from coho
salmon fingerlings at Lamar National Fish Hatchery in
Pennsyl vani a. The eggs of the infected stock had been
taken from a spawni ng popul ation of |andlocked adult sal non
in Lake Mchigan. The fish had been checked for virus as
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fry and were deternmined to be free of the infection. How
ever, | PNV was enzootic anong hatchery stocks of trout at
the time and the virus was soon isolated fromthe finger-
ling salnon during an ePizootic of furuncul osi s (Aerononas
salnonicida). MNo nortality could be attributed to the pres-
ence of the virus and evidence indicated that infection
was due to horizontal rather than vertical transm ssion

Anend and Wod (1972) surveyed 15 Col unbia Ri ver stocks
of Pacific salnmon returning to hatcheries in the state
of Washington in the fall of 1970, selecting only for |H\V
on primary screen and confirmatory cultures. Consequently,
no I|PNV was reported. In 1973, Tebbit and MM chael reported
on the surveillance of selected Colunbia River stocks of
Pacific salnon returning to selected hatcheries in Oegon.
Their conprehensi ve design included the exam nation of
visceral tissues and ovarian fluids from60 adult females
from each of four discrete populations. Adult fish and
progeny fry were also bled and the sera exam ned for specif-
Ic neutralizing antibodies against the common virus diseases.
| PNV virus was isolated fromtwo of twelve five-fish tissue
pool s fromadult coho salnon returning to the Bonneville
hatchery in 1971 and also fromtheir progeny fry in thirty
of thirty ten-fish pools indicating vertical transm ssion
It is interesting to note that McM chael (1974) was only
able to isolate virus fromthe fry progeny at 30 and 60
days of age post hatch and that these sane fish as finger-
lings, when sanpled at 90 and 210 days post hatch, no
| onger vyielded detectable levels of virus but did denon-
strate specific neutralizing antibodies against | PNV as
titers in excess of 1:200 evidencing prior exposure.
Attenpts as horizontal transmission of the virus under [ab-
oratory conditions were unsuccessful at 15 C

A report in the FAO Aquacul ture Bulletin (1973) indi-
cated that MM chael's coho isolate was unlike the ATCC
UR-299 (Anerican Type Culture Collection) IPNV trout iso-
|ate and nore typical of French isolates of |PNV that
| oose 99% of thelir infectivity in a single freeze/thaw
cycl e.
g When Tebbit and MM chael (1973) continued their sanp-
ling program they found returning adult popul ati ons and
their fry progeny at all of the selected hatcheries sanp-
| ed were"negative for IPNV in 1972 and 1973. However,
they were able to denonstrate specific neutralizing anti-
bodies in the sera of 270 adult fall chinook and coho
salnon.  The overall incidence was 74%in the returning
coho and 92%in the returning fall chinook popul ations.
In 1972, they were also able to isolate IPNV from adul t
coho salnmon returning to Cascade Hatchery but the virus
coul d not be denonstrated in the fr% Brp?eny nor in the
adult returns the follow ng year. ebbi f and MM chae
(1973) also reported finding IPNV in adult chinook sal non
returning to the Pelton DamHolding Facility in 1973 after
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the adult returns and progeny were found to be free of the
virus in the 1971 and 1972 broodyears.

I PNV was isolated from steel head trout being reared at
| daho Power Conpany's N agria Springs Steel head Hatchery
in the Snake River canyon of Southern |Idaho near Buhl in
1974, IPNV is known to be endemc to the comerci al
rai nbow trout hatcheries in the local area and its appear-
ance at the N agria Springs station was not surprising.
The virus has since reappeared at the station periodically
and has been associated with significant nortality.

In 1974, Wod indicated that he had yet to cone up with
positive IPNV isolations from Colunbia River stocks in
Washi ngton state. However, in 1975 Tebbit reviewed
McM chael ;s initial surveillance results and continued the
program Again | ooking at visceral tissue sanples, ovarian
fluids, and progeny fry, Tebbit was able to denobnstrate
IPNV in six of twelve five-fish tissue pools from adult coho
salnmon returning to the Cascade Hatchery during the 1972
broodyear, but he could not denonstrate verticle transm ssion
to the progeny fry. That sane year Tebbit also isolated |IPNV
from a popul ation of spring chinook salnmon fry at the Pelton
Dam Holding Facility that were the progeny of an adult stock
that had been diagnosed with a confirned asynptomatic
infection of IHNV (Tebbit, 1975). During the 1973 broodyear,
Tebbit was able to detect |PNV specific neutralizing anti-
bodies in the sera of adult coho salnon returning to the
Sandy Hatchery and in the sera of adult coho sal non returning
to the Bonneville Hatchery. None of these seropositive
popul ations nor their fry progeny yielded a confirmed viral
i sol ation. Tebbit's continued surveillance during the 1974
broodyear failed to yield virus from any of the adult returns
sanpled but IPNV specific neutralizing antibodies were found
in a stock of |andlocked spring chinook salnon in the Detroit
Ri ver inmpoundnent on the North Santiam River in Oegon. An
endem c infection of IPNV had previously been denonstrated
in wild cutthroat trout populations in these sane waters.

Based upon the finding of IPNV and IHNV in stocks of
anadromous salnmonids in the Colunbia R ver basin, the state
of Oregon established a managenent policy prohibiting the
transport of any Colunbia R ver stocks of fish to a coastal
river system for fear of dissemnating an endemc viral
di sease probl em

In 1975, Ml cahy and Sanders reported isolating IPNV from
spring chinook salnmon at the Oregon Fish and Wldlife
Commi ssion's Corvallis Research Laboratory once again
docenenting the fact that IPNV can indeed infect Pacific
sal ron and steel head trout. It is becomng recognized that
PNV may be all too commobn as an asynptomatic infection in a
wi de diversity of discrete spawning populations in the
Colunbia River basin and that it may not be easily recognized
or clinically diagnosed in certain types of sanples at
certain stages in the life history of the Pacific sal non and
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steel head trout. It still remains to be shown whet her or
not the presence of an endem c infection of IPNV has a
detrinental effect upon the population. Mrtality directly
attributed to the presence of the virus under hatchery
conditions has yet to be denonstrated for Pacific sal non
stocks but is know to occur with steelhead trout populations.
The last of three salnonid viruses to be found in the
Col unbia River basin is Herprresvhus salnonis. This virus
or other closely related viruses are known to infect rainbow
trout (Salmo gairdneri) and sockeye salnon at all stages in
their life history and has been inplicated in nortality of
both fry and adult fish. The virus was first described in
Japan as being endem c anmong certain stocks of sockeye
sal non. It has only been diagnosed once in the United
States as an asynptomatic infection of rainbow trout brood-
stock at the Wnthrop National Fish Hatchery. The virus
still remains a fairly unknown entity with regard to the
general health of Pacific salnmon and steel head trout stocks
as its true host range, geographical distribution, and
general ecol ogy and epi dem ol ogy has yet to be determ ned
(Wl f, et al., 1975).

1. MATERI ALS AND METHCDS

Procedures of viral surveillance were designed to fit
within the overall field sanpling program and budget of the
parent study and give optinum sensitivity and accuracy wth
regard to detecting the presence of any of the three ngjor
salnonid viruses found within the Colunbia River basin.

A total of 28 stocks of chinook sal non, coho sal non, and
steel head trout from18 different Colunbia River basin
hatcheries (Figure 1 and Table 1) were exam ned for the
presence of virus at the tine of snoltification and hatch-
ery release during 1978. Field sanpling was conducted by
NMFS personnel according to procedures established by and
with field sanpling kits provided by the Rangen Research
Laboratory (Appendix A). Mst of the hatchery stocks being
sanEIed were first transported in a live haul container
back to the NWFS Laboratory in Manchester, Washington. They
were then nmaintained in freshwater flowthrough systens
(Beaver Creek water supply) for one to two days prior to
sanpling and saltwater introduction. A few stocks were
sanpled at the site of the production hatchery prior to
transport back to the Mnchester Laboratory. The field
sanpling diluent provided was formul ated (see Appendi x B)
to provide optinmum survival of any infectious virus under
transport conditions while inhibiting the growth of any
m crobi al contam nants. It was provided in sterile
gr aduat ed polﬁcarbonate screwcap tissue culture grade
centrifuge tubes (Corning #25310, Corning 4 ass Wrks,
Corning, New York). The use of the graduated tube allowed
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GEOGRAPHIC LOCATION OF SELECTED COLUMBIA

RIVER DRAINAGE SALMON AND STEELHEAD HATCHERIES
SAMPLED FOR VIRUS DURING 19/8.
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TABLE 1, STOCKS oF PACIFIC SALMON SMOLT EXAMINED FOR VIRUS
AT THE TIME OF RELEASE FROM SELECTED COLUMBIA RIVER
DRAINAGE HATCHERIES DURING 1978.

STATION STOCK EXAM NED DATE SAMPLED RANGEN ACC. SO
Big Creek coho sal non 5/9/78 177-78
coho salmon (Cowl itz stock) 5/9/78 178-78
Bonnevi |l | e fall chinook salnmon (group |) 5/26/78 216-78
Carson coho sal non (yearling) 4/26/78 146-78
spring chinook sal non 5/2/78 158-78
Cowl itz Sal non fall chinook salnon 6/19/78 269-78
Dwor shak steel head trout 4/26/78 147-78
Kal ama Falls spring chinook sal non 3/3/78 070-78
coho sal non 5/6/78 168-78
fall chinook salnon 7/11/78 197-78
fall chinook sal non 9/15/78 356-78
Kl i ckat at coho sal non 5/1/78 153-78
Kooski a spring chinook sal non 4/25/78 148-78
Leavenwort h spring chinook salnon 4/22]78 138-78
steel head trout 5/3/78 162-78
Little Wiite Salnon fall chinook sal non 5/25/78 115-78
Rocky Reach coho sal non 5/4/78 161-78
Sandy coho sal non 5/7/78 165-78
Spring Creek fall chinook sal mon 3/21/78 099-78
Skamani a steel head trout 5/7/78 166-78
Toutl e coho sal non 5/3/78 159-78
coho salnon (Montlake stock) 5/18/78 199-78
fall chinook salnon 6/9/78 250-78

Tuccanon st eel head trout 5/16/78 189-78
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coho sal non (group 11)
coho salmon (group I11)

fall chinook sal non

st eel head trout

5/ 25/ 78
6/ 13/ 78
7/12/ 78

5/5/78

page 9

214-78
249-78
298-78

167/ 78
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for an accurate sanple dilution factor cal culation based
upon the displacenent nethod as 0.2 P of tissue was pool ed
fromeach of five fish into 9 m of tield sanpling dil uent
and a total of twelve five-fish pools collected fromthe
randomy selected 60 fish sanple.

Fol | owm ng conpl etion of all sanpling procedures and the
Field Sanpling Data Sheet as outlined in Appendix A the
conplete refrigerated field kits were returned to the Rangen
Research Laboratory in Hagerman, Ildaho via G ayhound NBO
Package Express service. The average tine in transit was
20 hours and the tenperature of the sanples upon receipt
was consistantly between 6 C and 8 C

Upon receipt into the Rangen Research Laboratory, the
recelving tenperature of the sanples was recorded. The
twel ve sanpl e tubes were assigned a group accession numnber
and each tube in the group given a serial nuneric identify-
ing code. The refrigerated tissue pools were honobgenized
in stuwmth a Polytron PUC 2-110 honogenizer fitted with a
steam sterilizable stainless steel PT-10 generator (Brinkman
Instruments, Westbury, New York) for 30 seconds. The hono-
geni zed tissue sanples were then centrifuged at 2,000 X g
for ten mnutes at 4 C in a Sorval RCG5 refrigerated
centrifuge with an HS-4 rotor and appropriate tube adapters
(Dupont/ Sorval, Newtown, Conn.) to renove large cellular
debris. One half mlliter of the supernatant was pipetted
off wwth a sterile disposable polyethylene tip and dil uted
in 2 mM of adisinfecting diluent (Appendix B) and incubated
at 4 C. overnight for decontam nation from fungal and
bacterial agents. This procedure resulted in a final 1:50
working dilution of the original tissue sanpled. Al sanples
were maintained at 4 C durin? all preparatory procedures.

Sampl es received into the [aboratory were screened for
the presence of virus within seven days of sanpling. Viral
screen tests were conducted with a mcrocul ture system using
t he Chi nook Sal nmon Enbryo (CHSE-214) cell line in passages
268 through 279 and a MEM 10-Tri s- PSF nedi a (Appendi x B) at
12.5 C incubation for 21 days. Four replicate wells of
each of two dilutions were run for each of the pooled tissue
sanples. Mcroculture screen tests were prepared by dropping
0.05 m of the decontam nated and diluted 1:50 tissue pool
into each of the first four wells of an eight well series on
a sterile Mcrotest Il (Falcon #3040, Becton, D ckinson, and
Co.) tissue culture plate and 0.025 m of the same sanple
into the last four wells of the eight well series using an
Oxford 8000H sanpler and a sterile Oxford 810S tip. During
preparation, the mcroculture plates were tenporarily covered
with a Fal con #3041 sterile |lid andmai ntained at 15 C
Appropriate IPNV and I H\V positive controls and negative
nmedia and cell controls were set up for each group tested.
After the sanple dilutions had been delivered to the mcro-
culture plate, a stock flask of CHSE-214 cells that had been
growmn to 95% confluence at 20 C. in MEM 10-Tri s- PSF was
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was exam ned under the inverted mcroscope for confluence
and quality and dissociated in 4 m of PAN EDTA nedi a
(Appendi x B). The PAIGEDTA cell suspension was centrifuged
at 1500 X g for 4 mnutes. The supernatxnt was decanted and
the pelleted cell mass resuspended in a snmall volunme of

MEM- 10- Tri s- PSF nedi a. The resuspended cells were further
diluted in MEM 10-Tris-PSF nmedia to a final 1:4 working
concentration based upon the surface area split ratio and
placed in a sterile 100 m covered flask containing a
sterile magnetic stir bar. The diluted cell suspension

was placed on a refrigerated magnetic stir plate with slow
stirring to maintain the cells in suspension. A sterile

M ni pet repipetting syringe (Manostat #71-5000-010, hl anost at,
New York, N Y.) was fitted with a sterile disposable 18g X
13" hypodermic needle and prinmed with the chilled CASE-214
cel | suspension. Fifteen hundredths of a mlliliter of the
di luted CHSE-214 cell suspension was pipetted into each well
on the inoculated mcroculture test plate. The plate was
imedi ately sealed with Falcon #3044 pressure sensative film
and incubated at 12.5 C The suspended CHSE-214 cells were
allowed to settle down through the sanple nmaterial and
attach to the bottom of the well.

All tests were incubated at 12.5 C. for 21 days. Al wells
of both test and control series were periodically read under
an inverted mcroscope for evidence of specific cytopathic
effect (CPE), cytotoxicity, and mcrobial contam nation
The daily observations were recorded on the Virol ogica
Exam nati on Report Sheet (Appendix C). If nore than four
wells in an eight well series were found to be cytotoxic, the
original decontam nated sanple was diluted 1:2 wth disinfect-
ing diluent to a final working dilution of 1:100 and re-run
on the mcroculture screen procedure as described above. |If
nore than four wells in an eight well test series was found
to be contam nated, the original sanple was filter sterilized
through a 0.45u nmenbrane filter and re-run on the mcrocul ture
screen procedure. If any of the wells in the control series
denonstrated any unusual or inconsistat results at any tine
during the 21 day incubation period, the mcroculture screen
procedure was repeated with the original sanples.

At the end of the 21 day incubation period, the 96 wells
on each plate (8 wells for each of 12 pooled tissue sanples
in the lot) were classified as being either positive (definite
CPE), questionable (possible CPE or cytotoxicity), or negative
(no evidence of CPE of cytotoxicity) and pooled into one of
three tubes according to its classification. After the
supernatant nedia had been pooled from the mcroculture
screen plates for further testing, all wells of the plate were
stained with a 1% al coholic solution of crystal violet and
dried as a permanent record of the screen results.

The presence or absence of virus in each of the three
classified screen pools was confirmed and identified by neans
of a mcroculture serum neutralization procedure. One
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quarter of a milliliter of sterile field sanpling dilucnt
was placed in each of the first three wells of an eight well
series on a sterile mcroculture plate. Twenty five thousand-
ths of a milliliter of a 1:100 working dilution of EFDL =149
Pol yvalent 1PNV Antisera (Eastern Fish Di sease Laboratory,
Kearneysville, Wst Virginia) was pipetted into the nest two
wells of each eight well series. Twenty five thousandths of
a milliliter of a 1:100 working dilution of EFDL =150 |HN
Antisera was pipetted into the next two wells of* each eight
well series and finally 0.025 m of a 1:100 working dilution
of EFDL =100 normal rabbit sera was pipetted into the |ast
wel | of each eight well series. Each of the three glassified
and pooled screenmaterialswere then diluted to 10° by
pipetting 0.025 m of the material into the first well of

an eight well series, mxing, and transfering 0.025 m into
the second well, mixing, and transferring 0.025 m into the
third well and m xing. Twenty five thousandths of a mlli-
liter of the 10-3 dilution of the sanple in the third wel

of each series was then transfered to each of the remaining
five wells in the series. Appropriate positive |PNV and

| HNV controls as well as negative nedia and cell controls
were prepared in the same manner. The prepared mcroculture
serum neutralization plates were then covered tenporarily
with a sterile Iid and incubated at 15 C. for 60 mnutes to
affect appropriate neutralization of any virus present.

CHSE- 214 cells were then prepared to a 1:2 dilution based
upon surface area as described above and 0.15 m of the
diluted cell suspension pipetted into the last five wells

of each eight well test series on the plate. The plate

was imediately sealed with film and incubated at 12.5 C

for five days.

The serum neutralization results were read under an
inverted mcroscope at the end of the five day incubation
peri od. The results were recorded on the Virol ogica
Exam nati on Report Sheet (Appendix C). Destruction of
the cell nonolayer with characteristic CPE in well four,
five, and eight of a test series indicated the confirned
presence of IH\NV in that sanple pool. Di struction of the
cell nonolayer with characteristic CPE in wells six, seven
and eight indicated the confirmed presence of [PNV in that
sanpl e pool . Distruction of the cell nonolayer with
characteristic CPE in wells four, five, six, seven, and
eight could indicate the presence of Herpesvirus salmonis,

a mxture of viral agents, or partial neutralization of

a particular strain of a virus in which case additiona
procedures would have been applied to confirm identification.
Al wells denmonstrating CPE in an eight well series on the
serum neutralization plate were pooled and |yophilized in

a stabolizer as a reference stock culture. Al wells of

the serum neutralization plate were then stained with a

1% al coholic solution of crystal violet and dried as a
permanent record of the results.
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1. RESULTS

A total of 336 Pacific salnon and steel head trout snolts
representing 28 discrete anadronous stocks at 18 Col unbia
Ri ver basin hatcheries were tested for the presence of
i nfectious viruses during 1978. The results of these tests
are sumarized in Table 2 for each of the hatchery stocks
exam ned. Nei t her infectious hematopoietic necrosis virus
(I'HNV) nor Herpesvirus salnonis were identified during the
course of the study.

Infectious pancreatic necrosis virus (IPNV) was confirned
at 12 of 18 hatcheries sanpled and in 16 of 28 stocks of
smolted fish exam ned as sumarized in Table 3. | PNV was
nost comonly found in populations of coho salnon (82%

i nci dence anong popul ations sanpled) and least likely to
occur in populations of fall chinook salnmon snolt (25%
of the popul ati ons exam ned). The incidence of infection
among five-fish sample pools within each 60 fish |ot was
the lowest for fall chinook salnon snolt with an average
of 12.5% in the two infected popul ations exam ned. The sane
nmeasure of carrier incidence for infected spring chinook
sal mon snolt popul ations was 75% 64% for infected coho
sal mon smolt popul ations and 61% for infected steel head
trout popul ati ons. None of the confirmed IPNV infections
could be associated with any significant nortality or |oss
in any of the popul ati ons.

V. DI SCUSSI ON

The failure to isolate either Herpesvirus salmonis or
i nfectious hematopoietic necrosis virus (IHNV) during the
course of this study is not unusual when considered wthin
the given limtations of the experinental design applied.
Herpesvirus salmonis or other closely related sal nonid
viruses have yet to be isolated from coho sal non, chinook
salmon, or steelhead trout In the United States. In fact
the virus has only been isolated once from a Colunbia River
basin sal monid stock and has not been seen since. Due to
the fact that our know edge of the disease is still limted
in terns of its occurrence, incidence, and pathogenesis, it
can only be said that the virus was not detected within the
l[imts of the experinental design. Possi bly by broadening
the scope of the study to include conditions known to be
optimum for the recovery of the virus at all stages in the
life history of Pacific salnon and steel head and the appli-
cation of nore sensative techniques of serological surveill-
ance such as detection of specific neutralizing factors in
the sera or other body fluids or the detection of specific
antigens or antibodies in the various body tissues and
fluids by neans of enzyne |inked immunoadsorbent assay (ELI SA)
or counterinmunoel ectrophoresis (CIE) procedures could also



TABLE 2,  SUMMARY OF PRELIMINARY SCREEN RESULTS AND CONFIRMED IDENTIFICATION OF VIRUS
ISOLATED FROM SELECTED COLUMBIA RIVER DRAINAGE HATCHERY STOCKS OF ANADROMOUS

SALMONID SMOLTS DURING 1978,

NUMBER _OF _SCREEN PQOCLS
STATION B ST_OCK _ _‘———_ — _____S_U_§P_E_C_;T—NEGATTVE ] _CO\IFI RVED RE—S-U—L_T
Ri g Creek coho sal non 6 0 6 | PNV
coho salmon (Cowl itz stock) 4 5 3 | PNV
Bonnevl lie fall chinook salnon (group T) 12 0 0 negative
Carson coho sal mon (yearling) 3 3 6 | PNV
spring chinook salnon 0 3 9 negative
Cow itz Sal mon fall chinook salnon l 2 9 negative
Dwar shnk steel head trout 0 a 4 TPNV
Kalama Fal | s spring chinook salnon 0 0 12 negative
coho sal mon 12 0 0 | PNV
fall chinook sal non 12 0 0 negative
fall chinook sal non ! 3 6 TPNV
K ickatat coho sal non 4 4 | PNV
Kooski a spring chinook sal mon 6 1 5 TPNV
| eavenwor th spring chinook sal non 12 0 0 OPNV
st eel head trout 9 1 2 ncgntive
i ttle White Sal non fall chinook sal non 12 0 0 negative

coh sal non
Rocky Reach 0 0 12 negative

t1 93ed



TABLE 2. (CONTINUED)

Sandy coho sal non

Spring Creek fall chinook salnon
Skamani a steel head trout
Toutle coho sal non

coho sal mon (Montl| ake stock)
fall chinook salnon

Tuccanon st eel head trout

Wllard coho sal non (group I1)
coho salmon (group I11)
fall chinook sal non

W nt hr op steel head trout

12

12

12

12

12

10

10

| PNV
negative
| PNV

| PNV
| PNV
TPNV

negative

negative
| PNV
negative

| PNV

GT 93ed
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TABLE 3, INCIDENCE OF INFECTIOUS PANCREATIC NECROSIS VIRUS
IN SELECTED STOCKS OF ANADROMOUS SALMONID SMOLTS AT
COLUMBIA RIVER DRAINAGE HATCHERIES DURING 1978,

All Stations Sanpled

Al

St ocks Combi ned

Coho Sal non

Fal | Chi nook Sal mon
Spring Chinook Sal non

St eel head Trout

TOTAL STOCKS STOCKS W TH | SCI DENCE 0F
EXAM NED CONFI RVED | PN | NFECTI ON
18 12 67%

28 16 57%

11 9 82%

8 2 2 5%

4

5

50%

60%
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give a better understanding of the ecology of the disease
and its inpact on anadronous stocks of sal nonids.

I nfectious henmatopoietic necrosis virus (IHNV) is known
to be endemc to the Colunbia R ver basin but is primarily
considered a disease of fry and fingerling chinook sal non
and steel head trout. Coho sal non appear resistant but can
function as asynptomatic carriers. IHNV is known to enter
into a non-infectious eclipse phase of infection in post-
epi zootic or conval escent popul ations and, as such, cannot
be isolated and identified by routine nethods of culture as
applied in this study. In order to get a better understand-
ing of the ecology and overall inmpact of IHNV on the
anadromous sal nonid stocks of the Colunbia River basin,
surveillance prograns should include testing of ovarian
fluids from adult spawni ng popul ations as well as progeny
fry at the swimup stage as these are the two stages in the
life history of the fish when the virus is known to exist
in the infectious form Techni ques of serological surveill-
ance using serum neutralization, ELISA and ClE procedures
should be effective in detecting the virus at these and
ot her stages when the virus may be present in the non-

i nfectious eclipse form

The isolation of infectious pancreatic necrosis virus
(IPNV) from the stocks exam ned and, in particular, the
finding of a relatively high incidence of the virus anong
the populations in conparison to previous surveillance
studies seens unusual on initial examnation. However, when
one considers that IPNV is; 1)known to be endemc to |arge
areas of the Colunbia River basin; 2) known to infect both
Paci fic salnon and steel head trout; and 3) has been previously
detected in at least ten discrete populations of Colunbia
Ri ver salnmon and steel head at seven different stations since
1971, the results take on a nore consistant inmage. It is
also noted in this study and in several previous surveillance
studies that IPNV has been isolated only from viscera
tissues of infected returning adult stocks and their 30 to
60 day old progeny fry and not from reproductive fluid
sanpl es. However, our understanding of the epidem ol ogy of
I PNV in anadronmous stocks of Colunmbia R ver salnon and steel-
head trout seens to be primarily based upon studies which
utilized ovarian reproductive fluid sanples exclusively and
were specifically designed to nonitor for IHNV. \Wen
McM chael (1974) and Tebbit (1975) sanpled both reproductive
fluids and pooled visceral tissues from returning adult
sal mron popul ations,they were able to isolate PNV from four
di screte populations but all four IPNV isolates obtained
came exclusively from pooled visceral tissue sanples while
all of the paired reproductive fluid sanples renained
negative for the virus (Tebbit, 1979, personal conmmunication).
This observation would indicate that surveillance studies
based solely upon reproductive fluid sanples, while being
well suited to the detection of IH\, may not accurately
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reflect the true incidence of IPNV in a population of asynpto
matic adult carriers.

It should also be noted that McM cheal (1974) consistantly
failed to isolate IPNV from known infected fry popul ations
of Pacific salnmon after 60 days of age post feeding.
Consequent |y, surveillance progranms based upon the sanpling
of fry and fingerling sized fish between 60 days of age and
prior to snoltification may easily fail to detect the
presence of |PNV.

PNV as well as many other diseases of viral etiology are
known to be stress nediated as well as species and age
specific. The period of smoltification in the life history
of an anadronous salnonid fish is recognized as a major tine
of physiol ogical change and stress to the animal, particularly
under hatchery conditions of intensive culture and nutrition
It is therefore reasonable to assune that this period of
snoltification and physiological stress, particularly when
coupled with major changes in hornonal bal ances and behavi or,
could well exacerbate a preexisting subclinical infection of
PNV or even increase susceptibility of an uninfected popul at-
ion to infection from an endem c source. To the best of our
know edge, this is the first surveillance study to report on
results obtained specifically from popul ati ons undergoi ng
snmol tification.

Anot her consideration for discussion is the denonstrated
fow incidence of IPNV to be found anong the asynptomatically
i nfected popul ations. Tebbit and McM cheal (1974) reported
only two of twelve five-fish tissue pools taken from adult
coho salnon returning to Bonneville Hatchery in 1971 were
found to be positive for |PNV. Only six of twelve pools of
tissue from adult coho salnon returning to Cascade Hatchery
in 1972 were positive for 1PNV (Tebbit, 1975). In the
present study, seven of the sixteen populations found to
be infected with PNV denonstrated fewer than half of the
tissue pools to be positive for virus on initial screening.
This finding would indicate that a full 60 fish sanple, based
upon hypergeonetric sanpling statistics, may be necessary in
order to consistantly detect the virus. Spot checks of fewer
than 60 fish are apt to mss an infection of |ow incidence.

A final consideration in the surveillance of IPNV in the
Paci fic salnon and steel head trout stocks of the Colunbia
River basin is the denonstrated variability in the occurrence
of the virus between different year classes of a particular
st ock. In extensive sanpling between 1971 and 1974, MM chael
(1974) and Tebbit (1975) consistantly failed to isolate |IPNV
from the same hatchery stocks during subsequent years even
t hough neutralizing antibodies indicating prior exposure were
at times found to be present. The presence or absence of
IPNV in a particular year class of a given stock of fish may
not necessarily nean that all other year classes of that sane
stock will be simliarly infected or free of the disease.

Based upon these observations including the relatively |ow
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i ncidence of IPNV both anong and within popul ations of
anadromous Pacific salnmon and steel head trout in the Col unbia
Ri ver basin, the serological findings of MM chael (1974)

and Tebbit (1975) utilizing neutralizing antibody techniques,
and the variability of clinical infection between the
different life history stages and year classes of a
particular stock, it is suggested that future attenpts at
viral surveillance include sanpling of both visceral tissues
and reproductive fluids from spawni ng popul ati ons. Pr ogeny
fry should be exam ned at 30 days of age post feeding and
fingerling fish at a time just prior to hatchery rel ease
during snoltification. Attenpts at isolation from the
various stages in the life history should be coupled wth

t echni ques of serological surveillance based upon serum
neutralization, ELISA and CE procedures. Al'l year classes
of a particular stock should be exam ned over the course of

t he study.

The denonstrated presence of IPNV in snolted stocks of
Pacific salnmon and steel head trout in the Colunbia River
basin should be of concern but not alarm to resource manage-
ment agenci es. I PNV has yet to be associated with any
significant nmortality in stocks of Pacific salnon under
hat chery conditions and is not an altogether conmmon cause
of nortality in stocks of steelhead trout with the possible
exception of one station in Southern |daho. The di sease
does, however, hold the potential for significant |osses
of steel head trout under hatchery conditions and significant
harm to this species. The subl ethal inpact of the virus on
Paci fic salnon throughout their life history, particularly
with regard to ocean survival and adult return, has yet to
be determ ned.

V. CONCLUSI ONS

1. Infectious pancreatic necrosis virus (I PNV was
isolated from 16 of 28 stocks of Pacific sal nbon and steel-
head troutsnoltsat 12 of 18 Colunbia River hatcheries in
1978.

2. The presence of infectious pancreatic necrosis virus
(IPNV) in stocks of Pacific salnon and steelhead trout snolts
at Colunbia River basin hatcheries in 1978 was not associ ated
with any significant nortality.

3. I nfectious henmatopoietic necrosis virus (IRNV) was
not isolated from any of 28 stocks of Pacific sal non and
steel head trout snolts at 18 Colunbia Ri ver basin hatcheries
in 1978.

4. Herpesvirus salnonis was not isolated from any of 28
stocks of Pacific salnmon and steel head trout snolts at 18
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Col unbia River basin hatcheries in 1978.
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RANGEN RESEARCH HATCHERY

TROUT AND SALMON DIETS ° LIVE TROUT

_;\;‘ﬁ";/é’ FISH PATHOLOGY ®© DISEASE CERTIFICATION @ CONTRACT RESEARCH
L3
3 ROUTE ONE ¢ TELEPHONE (208) 837-4464

HAGERMAN, IDAHO 83332
I~ SHERIES DIVISION RANGER

NVFS - M GRANT SMOLT HEALTH | NDEX STUDY
-Field Sanpling Procedures-

A Field Sampling Kit - each field sanpling kit consists
of 13 graduated placstic screwcap tubes of sterile
viral sanpling and transport diluent (12 sanple tubes
and 1 replacenent tube), 1 sanple tube shipping rack,
1 preaddressed shipping |abel for return of field
sampling kit and sanples, 1 instruction and field
sanpling data sheet, 1 insulated shipping container.
This kit is sufficient for sanpling a single |ot of
60 fish for virus screening. Field kits should be
stored at 4 C. prior to use and at no tine should
they be frozen or held above 15 C. Gel packs of
refrigerant should be held in the freezer prior tc
packing for return shipnent.

B. Sanpling Procedure - 60 fish should be randonmy
selected froma defined lot and divided into 12 5-fish
pools. The fish should be sacrificed by a blowto
the head and aseptically opened to expose the kidney
and viscera with sterile dissection instruments. Care
nust be taken during dissection not to cut into the
gastro-intestinal tract or otherw se contam nate the
Internal tissues. Tissues for viral assay should be
quantitatively sanpled with the nodified Russion Tissue
Forceps provided. The forceps should be dipped in
70% i sopropyl al cohol and w ped clean to disinfect
bet ween 5-fish pools. Tissues fromeach fish are
sanpl ed by taking one (1) full forcep of material
and depositing it in the sterile viral sanpling
diluent. This tissue volune is critical and the
tissue should only fill the cups of the forceps, no
nore, no |ess. I ssues to be sanpled fromeach of the
5 fish in the pool in order of sanFIing are the liver
(being careful to avoid the gall bladder and the
introduction of bile into the sanple), the spleen
(being carefull to sanple as little as possible of
associ ated adi pose or tat tissue), and the kidney.
After all three tissues fromeach of the five fish in
t he pool are sanpled and placed in the tube of
sanpling diluent, the tube is caPped tightly and pl aced
securely in the tube rack. Sanples and diluent shoul d
be kept cool and out of the sun during the'entire
sanpl 1 ng procedure.

C. Shipping - Wen all of the sanples are taken and the
flelg sanpling data sheet has been conpleted, al
materials are placed back into the insulated shipping
cont ai ner together with sufficient frozen gel pac
refrigerant to last for 48 hours. The preaddressed
shi pping | abel is placed on the outside of the container
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Field Sanpling Procedures page 2

and the container sent as soon as possible after
sanpling the single |ot. Shi prent shoul d be by either
Grayhound Package Espress or United Parcel Service
Avoi d shipping over weekends or holidays. If necessary,

hold sanples at 4 C. in a refrigerator and ship on the
foll ow ng Sunday or Monday

D. If there are any questions or problens. contact:

Dr. Robert A Busch
Rangen Research Station
Route 1, Box 264

Hager man, |daho 83332

Office: (208) 837-6192
Horre: (208) 837- 6370



VI, APPENDI X A

page 25
NVFS - M GRANT SMOLT HEALTH | NDEX STUDY
-Field Sanpling Data Sheet-
NVFS Sanpl e Code: Dat e: / /
Sanpling Locati on: Ti me: hour s
Techni ci an:

Speci es Sanpl ed:
Original Source and

I dentification
Sanpling Notations, Cbservations, Goss Lesions, etc.:
Virus Disease H story: Yes or No

1) Has a virus disease ever been diangosed
in these fish stocks sanpl ed?

2) Has a virus disease ever been diagnosed
at the station of origin of these fish?

If the answer is "yes" to either or both of the above
guestions, please indicate which virus disease was
di agnosed, on what date, and by whom

Sanpl e Shi pnent | nfornmation:
Vi a: Dat e: / /
Poi nt of Oigin: Ti me: hour s

Sanpl e Receipt Information:
Recei ved Date: | / Ti me: hour s
Condi ti on
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Formul ati on of Medias and Reagents

A

Field Sanpling D | uent

Dul becco's PBS (10X stock)

G bco #408 100 m
T/ C G ade Water 800 m
Gentamcin (50 ng/m stock)

Shering Corp. 4 m
Amphotericin B (250 ug/m stock)

G bco #529L 4 m
Phenol Red (0.5% stock)

G bco #510 4 mi

Adjust pH to 7.2 with sterile 1N NaCH

Adjust final volune to 1 liter with T/C
grade water

Decont am nati on Di |l uent

Dul becco's PBS (10X stock)

G bco #408 100 ml
T/ C G ade Water 800 ml
Gentamcin (50 ng/nl stock)

Schering Corp. 20 ml
Amphotericin B (250 ug/m stock)

G bco #529L 2 ml
Phenol Red (0.5% stock)

G bco #510 4 m

Adjust pH to 7.2 with sterile 1IN NaCH

Adjust final volune to 1 liter with T/C
grade water

MEM 10Tri s- PSF Tissue Culture Mdia

Eagl e/ Earl e MEM (Aut o- Pow)
G bco #410-1700 4.701 ¢
T/ C G ade Water 421.3 m

Aut ocl ave at 121 C for 15 minutes
Cool and aspetically add:
Fetal Calf Serum (mycoplasma and virus free)

G bco #614 50 ml
1-d utam ne (200 nh!)

G bco f503 5 m
Sodi um Bi carbonate Solution (7.5% stock)

G bco #508 5 m
Tricine Buffer (1M Tris)

G bco #573 5m

Anti biotic-Antimycotic (100X stock)
Penicillin 10,000 U ni
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Streptonycin 10,000 ug/m
Amphotericin B 250 ug/m
G bco #600- 5240
Cal cium Chloride (10% st ock)

Adjust pH to 7.2 with sterile 1N NACH

Adjust final volunme to 500 M with T/C
grade water

(N3]
33

PAN EDTA Di ssoci ati on Medi a

Versene (1:5000 solution)

G bco #670-5040 100 m
Pancreatin (4X N F. reconstituted to

2.5%in 20 m sterile T/C water)

G bco #R13-5720-L 4 ml
Phenol Red (0.5% st ock)

G bco #510 0.4 m

page 27



VII. APPENDIX C page 28

( ) Diagnosis VIROLOGICAL EXAMINATION File No.:
( ) Certification FISH PATHOLOGY LABORATORY T
( ) Surveillance RANGEN RESEARCH HATCHERY Ace. No.
mpling Date: / /. Time: _____hours Technician: ‘

Receiving Condition: ( ) live ( ) fresh No. Sampled:

( ) frozen ( ) refrigerated o Lot #:
Holding condition: hours C Morb. :

Comment : ' Mort. :

Asvp.:

Tissue Sampled: ( ) whole fish ( ) mixced viscera ( ) liver %

( ) spleen % ( ) pyloric caeca % () kidney %

( ) ovarian fluids ( ) seminal fluids ( ) othor:
Pooling: Lot # |I'ish/Pool |[No. Pools _Lot # |Fish/Pool |No. Pools

Inoculant Preparation:
Pool |Tis. wt.|Buffer |Sup.vol.| pen/strep mycostat wentamicin|filter |[fina-

P

£ oL g. ml r_,‘__”l]‘__.__.,m_”,‘.]_.sL(’('k ml_stock | ml prop 0.45 u La

-~ -~

0 T

Prep. Incubation: C hours Inoculation Date: / / Time : ’

fhnician: - Inoe: Vol.: 0.025 0.05 0.1 0.2 ml ( ) wot ¢ ) -

( ) single ( ) duplicate ( ) microtiter ( ) multiwell () 60 mm disl

Absorbtion Time: min. 0C.

Cell Line |Passage |Seed Date |Vessel | Growth Temp. | Conf. Quality |Inc. 1

Modia: Control Virus: .
Lot #:
RESULTS: ’
Date | Day i
i
T - _
S0 S S T S G O _ P
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VI ROLOG CAL  EXAM NATI ON

(conti nued) page
Serum Neutralization (mcroculture):
Set-up Date: / / Ti me: hours Techni ci an:
Sanpl e Handl i ng: () raw ( ) filtered () fresh ( ) stored 4 C
Neutralizing Antisera: Wrking DI.:
Wrking Dl.:
Control Sera: - Working Dl.: . -

Cell Line Passage Seed Date Vessel G owt h Tenp. Conf . Quality In

Neutral i zation: Viral Sup. Working Dilution: Vol une: m

Anti serum Vol une: m  Ratio:

| ncubation Ti ne: m n. Tenp. : C.
I nocul ati on: I noc. Vol .: m () wet ( > dry Absorb. Tine: m
Medi a: Lot #

Control Virus:

Plate Identification:

WELL |A|B|C|D
Sample No. |TEST : ! RESULTS

ts)
y
)
=

ROW

- ———
———

|
mlo|©|o]|N oo e jwiv )|~

oy
N
b —
b

Remar ks:
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RANGEN RESEARCH STATION
TROUT AND SALMON DIETS e LIVE TROUT ® FISH PATHOLOGY e
DISEASE CERTIFICATION e CONTRACT RESEARCH AND DEVELOPMENT
TELEPHONE (208) 837-6 192 LABORATORY
(208) 837-6191 HATCHERY

February 13, 1979

M. Tony Novot ny

Nati onal Marine Fisheries Service
P.O. Box 38

Manchest er, Washington 98353

Dear Tony;

Encl osed are two (2) copies of the final report on
our contract #2-78 titled: The Surveillance of Viral
Di seases in Sel ected Hatchery Stocks of Sal mon and
Steel head Trout Snolt in the Colunbia R ver Basin During

1978 . | hope that it meets with your approval and is
of pertinence to the parent study with regard to inter-
pretation of the rest of the data. | f you have any questions

with regard to the study in general or this report in
particular, please feel free to give me a call.

Wth regrad to the possibility of a major proposal to
undertake a nore ponFIete study on the ecolog¥ and
epi dem ol ogy of viral diseases, particularly |PNV, anong
Col unbi a River basin stocks of Pacific salnon and steel-
head trout, | have mentioned basic considerations for its
design in the discussion portion of this report and would
be nost happy to prepare a detail ed proposal should a
source of funding be avail able.

W have appreciated the opportunity of being of service
to the National Marine Fisheries Service and your Laboratory
during the course of this project. | hope that we have the
opportunity of working together again in the future.

&> Busch, Ph.D
of Research

I. COMMODITIES DIVISION: GRAINS . SEEDS ¢ BEANS II. FERTILIZER DIVISION: CHEMICALS ¢ CUSTOM APPLICATION ¢ SPRAYING e SOIL
TESTING . MICRONUTRIENTS . FLUID FEED ¢ LIQUID & DRY FERTILIZERS ¢ AERIAL APPLICATION Hl. FISHERIES DIVISION: TROUT FEED o LIVE
TROUT e FISH DISEASE RESEARCH AND PATHOLOGY LABORATORY IV. GENERAL FEEDS DIVISION: CUSTOM STEAM ROLLING . SRINDING
o MOLASSIFYING « PELLETING @ BLOCKING ® BULK FEED DELIVERY V. TRUCK BROKERAGE & COMMODITY TRADING DIVISION VI. TRUCK
& EQUIPMENT DIVISION: RANGEN GMC TRUCKS. INC ¢ PARTS 8 SERVICE ¢ COMPLETE DIESEL & AUTOMOTIVE REPAIR . CUMMINS . CATER-
PILLAR ¢ DETRO!T OiESEL ‘ALLISON *TRUCK BODIES & EQUIPMENT VIl. TRUCKING DIVISION: RANGEN TRANSPORTATION, INC.



APPENDI X B

HISTOPATEOLOGY REPORT



BIOMED RESEARCH LABORATORIES
BOLOGICAL Testing - Research 6 Development

APPENDIX B

1115 E. Pike Street Seattle, Washington 98122

October 24, 1978

National Marine Fisheries Service
Manchester Marine Research Station
Anthony Novotny

Fisheries Research Biologist

P.O. Box 38

Manchester, Washington 98355

(206) 324-0380

SUBJECT: Six groups of salmon with 60 fish in each group

formalin fixed.
METHODS AND MATERIALS:

Six groups of salmon with 60 fish in each

group were

received in formalin fixative following a 24 hour

fixation in Bouin’s fixative. Three blocks of tissues

were parafin-embeded,sectioned and stained by standard

methods.Block 11 contained the eye; block 12 the gill

(generally the second gill arch) and block 13 the

kidney and liver.Sections from each block were stained

with hematoxylin and eosin, and a gram stain was made

on the sections of liver and kidney. All blocks of

tissue were prepared identically except for those of

the eye.Initially,it was thought that only lesions

within the eye itself would be found,and each eye was

removed from the fish head before processing. It be-

came apparent that there were important lesions adjacent

to the eye,and the sections made late in the study

also contained a full cross-section of the head to

better study these lesions.



After scanning several groups of fish, a table of the
lesions being found was established, and the lesions
categorized by the severity. A minus (-) indicated

no lesion, a plus (+) indicated the mildest recog-
nizable lesion, two pluses (++ indicated intermediate
severity and three pluses (+++) indicated the most

severe lesion found. Gram stains were either positive

or negative.

RESULTS: The lesions found frequently enough to warrent
tabulation are identified on the table for each group
of fish as follows: (A detailed description for each

lesion is included later.)

1) Eye:
a. Myo - degenerative and regenerative lesions

in the skeletal muscle adjacent to the eye.

b. Fat - fat necrosis and inflammatory inflit-

rates in the retrobulbar fat.

c. Misc- miscellaneous sporadic lesions.

2) Gill:

a. Lymph - increased numbers of lymphocytes.
b. Epith - Epithelial cell proliferation.
c. Misc - miscellaneous sporadic lesions.

3) Liver:

a. Fat - increased amount of fat in the liver



parenchyma,

b. KD - definite kidney disease w/gram plus

bacteria.

c. Gran - granulomatous lesions w/out gram plus

bacteria.

d. Misc- miscellaneous sporadic lesions.
4) Kidney :
a. KD - as in 3b.

b. Gran - as in 3c.

c. Ca - nephrocalcinosis.

5) Gram:

a.L. - gram positive bacteria in vthe liver.
b. K -gram positive bacteria in the Kidney.

A two page table for each 60 fish group identifies each

fish and the severity of any lesions noted. At the bottom

of each table is a total of the lesions found by severity.

A summary table presents the incidence of lesions within

each group.It is expressed as a percent of the total fish

in that group,and again broken down by severity of the

lesions.

In general,it should be noted that these fish were well-

fixed and provided excellent material for histological



study except when cross-sections of heads were made late
in the study where intracranial hemorrhage was noted,
perhaps as an artifact secondary to being “thumped” on

the head during sampling.

Lesions from Block #1: The lesions in the skeletal muscle

adjacent to the eye consisted primarily of irregular loss
of myofibrills within muscle fibers. In cross-section, the
sarcoplasm of affected fibers would be either granular or
lost completely. In longitudinal sections of muscle, the
muscle fibers would vary greatly in thickness with sudden
abrupt loss of well-defined myofibrils. In one case

(#4543 h’inthrop Steelhead) marked basophillia and increased
numbers of muscle cell nuclei indicated an attempted
regeneration. The amount of muscle available for evaluation
varied from slide to slide; therefore, the estimation of
severity is subjective, but the typical (+) lesion is a

very mild one.

The lesions of the retrobulbar fat can be broken down into
fat necrosis and actual inflammation (panniculitis). In
fat necrosis, variable numbers of the fat cells would
contain faintly eosinophillic, often granular deposits
interpreted as the formation of soaps as the result of

fat breakdown. The panniculitis consisted of cellular
inflammatory infiltrates between fat cells. Monocytes and
lymphocytes were the most typical inflammatory cells noted.
These lesions were mild and over-lapping, and it did not

appear important to tabulate them separately.



Miscellaneous lesions found in block #1 from small numbers
of fish included several inflammatory lesions of the eye
itself. Chronic inflammation with mononuclear cell infil-
trates were seen in the corneoscleral junction region of
several fish,and a more widespread chronic inflammatory
infiltrate was seen in the iris and ureal tract (irido-
cyclitis) of one fish.Another fish had more widespread
chronic ophthalmitis involving much of the globe. The optic
nerves of several fish contained large numbers of mono-
nuclear cells,another fish had focal mononuclear cell
infiltrates in the choroid gland, and another fish had a
chronic inflammatory infiltrate within the wall of a
retrobulbar blood vessel.Intracranial hemorrhage or

meningeal hemorrhage was noted in several fish.

Lesions from Block #2:In many section of gills, increased

numbers of lymphocytes were noted. Small numbers of lym-
phocytes can be found beneath the gill epithelium of almost
any salmon,typically in the areas where the gill filament
joins the gill arch. In mild (+) cases, this lymphoid

infiltrate increases to several cells in thickness, and

in more severe (++ 4 +++) cases, the mass of lymphocytes
may obliterate a portion of the space at the base of the

gill filament and form recognizable collections of lym-

phocytes higher on the gill filament.

The gill epithelial proliferative lesion tended to parallel

the lymphoid infiltrative lesions of the gill in severity.



The epithelial proliferation tended to develope on the tips
of the gill filaments rather than adjacent to the gill arch,
It also tended to develope on the surface of the filament
between the secondary lamellae, In no case did this lesion
progress to the point of causing fusion between adjacent
gill filaments. Miotic figures could be found in the pro-
liferating epithelium and often the areas of lymphoid

infiltration and epithelial cell proliferation overlapped.

The most common sporadic lesion of the gills was found only
in coho salmon. This lesion is identified as BGO in the
tables because it presents as a basophillic granular mass
of organisms up to 40 u in diameter located intracellularly
or subepithelially on the gill filament between the bases
of secondary lamellae without any obvious cellular reaction.
This structure is gram negative, and may represent a

microsporidian protozoan parasite.

In the spring chinook and Dvorshak steelhead, a large

ciliated protozoan parasite was noted. This parasite varied

in size up to approximately 150 microns, was oval to round in
shape and was covered with cilia. It was found both free

in the interfilamentous space and also embedded beneath

a layer of proliferating epithelium. The Dvorshak and Winthrop
steelhead also had microsporidian protozoan parasites,
differing from the BGO in that they appeared to be surrounded

by a more definite cyst wall, and the spores within the cyst



measured two to three microns in diameter. The numbers of
these structures found was soo small to allow further study.
Fish parasitologists are being consulted to help identify

these parasites.

Miscellaneous non-protozoan gill lesions included occasional
fish in which one to several secondary lamellae would have
greatly dialated secondary lamellar capillaries. One fish
had generalized capillary congestion of the gills. Another
had sludging of granulocytic leukocytes in the secondary

lamellar capillaries.

Lesions of the Liver: Fat deposition in the livers of these

fish was uncommon, but when present was identified either
as individual fat droplets in random hepatocytes, or as a
descrete compact group of hepatocytes filled with fat

vacuoles.

Grossly or histologically apparent lesions of corynebac-
terial kidney disease were uncommon in the liver, but when
recognized consisted of areas of necrosis containing large
numbers of small gram positive bacteria. Also, noted were
several granulomatous lesions consisting of compact aggregates
of macrophages organized into a granuloma, but without any
detectable bacteria present. Much more common than either of
the preceeding lesions was a focal accumulation of mono-

nuclear cells (FM) in sinusoids or around portal tracts.
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Lesions of the Kidney: The lesions of corynebacterial kidney

disease and granulomas in the kidney were essentially as
described for the liver. The abundant hematopoietic tissue
made the granulomas more difficult to recognize. Also,
occasionally areas of disrupted architecture and hemorrhage
were seen. These lesions appeared to be secondary to the
sampling of the kidney for the fluorescent antibody test

for kidney disease bacteria and were not tabulated.

In one fish (#4025, spring chinook), the kidney contained a
focal area of spindle-cell proliferation. These spindle

cells appeared to be fibroblasts, and occasional cells within
this area contained oval eosinophillic intracytoplasmic

inclusion bodies approximately 50 microns in diameter.

Gram Stains: Interpretation of the gram-stained sections of

kidney and liver is exceedingly difficult. Where the typical
KD lesion is seen in the H § E section, gram positive bacteria
are abundant and readily apparent. In sections without these
lesions few definite bacteria could be recognized. Nuclear
debri, cellular debri within kidney tubular lumens, and other
small fragments of material tended to stain gram positive.
The melamin granules of the macrophages also caused some

difficulty in differentiating bacteria from other material.

In the discussion,suggestions for improving the accuracy of
this proceedure will be discussed, Without this additional
work,the percent of livers and kidneys harboring individual
bacteria cannot be determined. An attempt was made to do so

on the first three groups (Carson coho, spring chinook and



Dvorshak) but this data should not be entered as it is not

significant (see discussion).

DISCUSSION:

A detailed statistical analysis was not attempted, being

better left to the computerized data analysis. It

should be noted that while the lesions were grouped

into mild to severe categories, the (+++) category
implies the most severe lesion found, but not necessarily
that a severe lesion was found. In general, even the
most severe lesions seen could not be interpreted as
severe or life endangering. The significance of the

data presented here will come when it is compared with
data from other studies. Therefore, this discussion

will deal primarily in generalities.

In the sections from block #l, the skeletal muscle
lesions of the eye are interesting. The mildest (+)
lesions possibly could be artifact of inadequate fix-
ation. However, the more severe lesions do not appear
to be artifact, and one case demonstrated regeneration,
irrefutable evidence of muscle injury. Also, a more
severe muscle lesion with frank necrosis and mineral-
ization were recently found in salmon which had been
in sea water approximately two months. This lesion

was a more severe form of the same disease process seen
in the fish of this study, again supporting the

opinion that it is a genuine lesion. This lesion in

a mammal would be strongly suggestive of a vitamin E/
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selenium deficiency state, and has been reported to
occur in fish although the known reports are not
strongly documented. With regards to further studies,
some consideration should be given to evaluating the
vitamin E/selenium status of these fish. With respect
to the differences between the groups, the steelhead
fish have a higher incidence of these myodegenerative

lesions.

The lesions in the fat also could have a pathogenesis
involving vitamin E/selenium, similar to the steatitis
or "yelllow-fat" disease of mammals. For adequate study
of both the skeletal muscle and fat lesions in the
future, cross-sections of the head will be made to
include the eyes, brain and structures adjacent to the
eyes. No parasitic lesions were found in the eyes, and
only sporadic mild inflammation was found within the
eyes. The hemorrhage found in the calvarium, when
cross-sections of the head were made, are probably the
result of trauma at the time of collection. However,
because brain hemorrhage is one lesion seen with
thiamine deficiency, in the future it would be best
to avoid trauma to the head to allow better evaluation

of the brain.

In the sections of gills (block #2), the lymphoid cell
populations were quite variable. Some of this variation
Is an unavoidable result of sectioning a gill arch at

different levels because the lymphoid cell population

varies in density at different levels in the gill arch;



therefore, this data is subjective and to be inter-
preted with some caution. While difficult to acess,
the lymphoid cell numbers do vary markedly and this
data should be carefully compared via computer analysis
with eventual survival data and other parameters

which may correlate to the overall fish health. This
lymphoid tissue would by its location be comparable

to the bronchial-associated lymphoid tissue (BALT)

of the mammalian lung. The BALT is the collection of
unstimulated lymphocytes in the peribronchial tissue
which respond to inhaled antigens by multiplying the
producing colones of memory T cells, and B cells

which produce specific antibodies against that antigen.
Lymphoid cell increases noted in many of these fish
gills are a non-specific indicator of exposure to

antigens in the water.

The proliferative lesion of the gill epithelium

suffers the same problems of interpretation that the gill
lymphoid lesion did, e.g. that of the plane of section.
Even the most severe (+++) lesion noted is relatively
mild in degree. This lesion was not associated with
histological evidence of bacterial disease and is a
response to undefined damage to the gill epithelium

with resultant reparative proliferation. This lesion
could be compared to the proliferation of type Il
alveolar lining cells of the mammalian lung in response

to damage, and is compatible with a very mild form of
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the nutritional gill disease described in fish. The
various parasites of the gills did not appear to be
causing significant injury to the gill itself. Their
importance may be as a subclinical disease state which
will cause heavily infested populations to be unable
to handle other stresses as well as less affected
populations. For example, the Carson coho may not

do as well as Willard coho when exposed to some
additional insult because of their higher incidence
of the basophillic granular organisms. These parasites
have not been specifically identified, but work is

continuing in this area.

A rare fish had greatly distended blood filled
capillaries in occasional secondary lamellae of the
gills. This lesion has been termed “hemorrhagic gill
disease”, and later “toxic gill disease” by investi-
gators who have produced the lesion with DDT and

aflatoxins.

In the sections of liver and kidney (block #3), the
incidence of histologically detectable kidney disease
lesions was extremely low, as was the incidence of
discrete granulomas. Several groups of fish had sign-
ficant although mild infiltrates of mononuclear cells.
The spring chinook salmon had the highest incidence of
gill lymphoid cell lesions, mononuclear cell infil-
trates in the liver and granulomas in the kidney. These

inflammatory lesions may be inter-related and may
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affect the overall survival of this population of fish.
The focal mononuclear cell infiltrates may represent

a proliferation of macrophages attempting to phagocytize
material reaching the liver. This material could also
be stiumlating the granuloma production in the Kidney;
and therefore, may represent an undetected blood-born
infectious agent. While KD organisms could not be
detected in these lesions, the correlation of these
histological lesions with the incidence of FA positive

KD infected fish.

The interpretation of gram stains is a definite
problem area. The data generated is not reliable in
my opinion because of technical difficulties in differ-
entiating gram plus bacteria from other debri in the
sections. | think the accuracy of this portion of the
study could be improved by direct comparison of serial
frozen sections of kidney tissue, staining one section
with the gram stain and the adjacent section with the
fluorescent antibody technique. This would need only
be done on a few fish next year with some known
positives to allow the pathologist to conclusively
determine how much of the gram plus material is

indeed coryneybacteria. This could be done at no
additional charge, and the gram stains from this years
fish re-evaluated. The frozen section work would also
allow more precise localization of the bacteria

within the tissues.



-14-

The proliferative lesion in the kidney with intra-
cellular inclusion bodies may represent a viral
infection. The morphology of the inclusions is
similar to mannalial pox viruses, A portion of the
lesion is being processed for electron microscopy to

better define it.

SUMMARY: In this study, six groups of sixty fish each were
examined histologically with particular emphasis on the
eye, gill, liver and kidney. Frequent, but mild skeletal
muscle myodegeneration was seen adjacent to the eye.
Minimal gill epithelial lesions of the “nutritional
gill disease” type were found in the gills, along with
variable lymphoid hyperplasia and occasional protozoan
parasites. A few fish had lesions typical of “toxic

gill disease ." Rare lesions of “bacterial kidney
disease” were seen in the livers and kidneys plus some
nonspecific granulomas. The overall health of these
fish appeared good, but the spring chinook had the
highest incidence of lesions in several disease
categories. The gram stain did not prove useful in
detecting low numbers of gram positive bacteria in

tissue sections.

Respectfully submitted,,

‘John T. Boyce, D. V. M.

Diplomate, American College
of Veterinary Pathologists
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TOTALS  IN % A 15-
EYE GILL LIVER KIDNEY GRAM
MYO FAT MISC [LYMPH EPITH MISC|FAT KD GRAN MISC|KD GRAN Ca L K |COMMENTS:
CARSON COHO TDTAL INCIDENCE BGO (GILL) FM (LIVER)
-173% 100% 99% | 25% 30% 27% 198% 98% 97% 92% [98% O8%100%498%95b% 27% 92%
+ 27% 0% -- 73% 61% -- 2% 0% 3% -- 0% 2% 0% 2% b 59% 8%
++] 03 0% -- 2% 0% -- 0% 2% 0% -- 2% 0% O%Y- - 14% 0%
+++]| 0% 0% -- 0% 0% -- 0% 0% 0% -- 0% 0% O%- - 0% 0%
SPRING CHINOOK TOTAL INCIDENC CP (Gil1l) M (Liver)
-188% 92% 100% 5% 83% 97%(96% O97% 98% 30% |97% 74%100%97%97% 97% 30%
+[12%5 7% 0%] 73% 105 -- | 2% 0% 0% -- | 0% 23% 0% 3% B% 3% 50%
++1 0% 19% 0% 20% 7%  -- 2% 34 0% -- 0% 3% 0%- - 0% 15%
+++| 0% 0% 0% 2% 0% -- 0% 0% 2% -- 3% 0% 0Y- - 0% 5%
DVORSHAK STEELHEAD TOTAL NCE GILL EM (LIVER)
-1 37% 68% 87%| 22% 13% 77% 190% 100%100%75%1100%98%100%4100%100% 75%
+[53% 27% 65% 68% -- 0% 0% 0%-- 0% 2% 0%/ 0% |jpg CP 18% 22%
++110% 3% 8% 15 -- 0% 0% 0%-- 0% 0% 0%- - SP 3% 3%
+e+| 0% 2% 5% 4% __ | 0% 0% 0%.. 0% 0% 0%_ _ 0%
WINTHROP STEELHEAD TOTAL INCIDENCE GILL (FD) GILL (MP) FM (LIVER)
-148% 93% 100% 33% 8% 900%/97% 100%100%1004100%98%98% 90% 90% 100%
+148% 7% 0y 65% 78% -- 3% 03 04 0% 0% 2% 2% 8% 2% 0%
++ 2% Og 0 2% 13  -- 0% 0 0% O 0g 0g Og 0%
+++] 2% O0¢ 0¢ 0% 0% -- 0% 0% 0% 0% 0% 0% 0% 0%
TUCANNON STEHLHEAD TOTAL INCIDENCE FM_(LIVER)
-143% 100% 88% | 78% 67% O7%(92% 100% 98%82%/100%93%100 2% intracranial hemorrhage® 82%
+]148% 0% 12% | 22% 33% 3% 8% 0% 2% - 0% 7% 0 2% CD in gill 16%
++[ 0% 0% 0% 0% 0% 0% 0% 0% 0% - 0% 0% Of 2% neuts in gill 2%
+++] 0% 0% 0% 0% 0% 0%] 0% 0% 0% - 0% 0% 0 0%
WILLARD COHO [SALMON (58 total [fish) GILL FM (LITVER)
-160% 93% 97% | 78% 55% 88%({100% 100% 97%97%]100%96%100 BGO + 5% 97%
+[36% 7% -- 22% 41% -- 03 0% 3% 3%| 0% 2% 0 GO ++ 5% 3%
4% 0% -- 0% 4% -- 0% 0t 0% 0%] 0% 2% 0f 0%
+++] 0% 0% -- 0 0% 0% 0 0% 0% 0% 0% 0 0%
*ICH
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(Carggn coho salmon -16-
1401 - 4 B , Yy 62 LYy 707
1430 | & EYE ¢ GILL so " LIVER 60 KIDNEY GRAM
MYO FAT MISC [LYMPII EPITH MISC|FAT KD GRAN MISC| KD GRAN Cal L K|COMMENTS:
1401 | - - - - + S R — S I P
02 - - - + + BGO1q; - - - - - - - (- -1BGQ = Basophillic granular organism
03 | - - - - - BGo++ [ - - - S S S P
04 - - - - - _BGO++ | - - - - - = S
oS [+ - - - - BGO++ | - - - - - = =N -
OL + - - + + - - - - - - - - |- -
07 + - - - + FB - - - - - - _»* % _|FB=Filamentous bacteria, .F*See bhelow
08 + . - - + - - - - EM_ 1 - - -]- -1FM = Focal mononuclear cell infiltrate
09 - - - + + BGO - ++ - - ++ - - 1+ +
4410 - - - + + BGO++ | - - - - - - - =
11 - - - + + - - - - - - - - |- _+|Rare G+ bacteria in kidney
172_ + - - + + BGO++ - - ~ - - - - |- -
13 + - - - - BGO| - - - z = = =] 4;*
14 + - - - + - - - - - - - . PG+ debri in tubles '
15 + - - + + BGO++ | - . - - - = ={- -
16 - - - - - BGC + - - = - - =l- -
17 + - - + + BGO { - - - [M] - - -4- -
18 - - - - - BGO| - - + - - - -1- -
19 + - - + + BGO | - - - - - - -] +
44720 - - - - - BGO ] - - - - - - #]. _]*c+ debril 1n tubles
21 + - - - - BGQ} - - + - - - - -
- - - + + BGO | - - - - - - -1- -
23 - - - + + BGO | - - - - - - -1- -
24 + - - + + BGO! - - - - = = - -
25 - - - + + BQQ++ ! - = = = - = = E—
26 - - - + + BGO | - - - - - + o E—
27 - - - + + BGO| - - - - = = = - -
28 - - . + + BCO++ ! - - - z - = o
.29 - - Sl/oy + + ‘389 - - - - - - -1- -1 SI = minimal subacute iridocyclitis.
33350 - - - + + BGO| - - - - - - -l- -
SUBTDTALS :
) 18 30 29 12 8 5129 29 28 28 129 29 2728 26
ol 0 - 18 72 161 1 n ? ? 0 1 11 3
v 0o - ° ° gl = 1 o ol 1 0o |- -
ot o) 0 _ o o ol o o o o 0 0 N _

**G+debri in tubles&(
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Carson coho salmon

17-

332}) FYE GILL LIVER KIDNEY GRAM
MYO FAT MISC !LYMPIl EPITH MISC[FAT KD GRAN MISC| KD GRAN Ca| L K |COMMENTS:
1431 | - - - - * BGO - - -
32 | - - - ¥ + __ BGO - R P
T30 O+ - - + + BGO - - - - - -
kY - - - + + BGO - - - - - -
35 | - - - ¥ - BGO - - - -
36 | - - - - - BGO - S
37 1 - - : * ¥ - - T
38 | - - - * * BGO - T
39 | - - - ¥ - - . T
1340 [ - - - * +__ BGO - S P
LY - - - + + BGO - - - - |- #pfPossible G+ bacteria in tubular lumen
3 - ¥ ¥ - - R E
44 + - - + + - - - - - 1= -
———_—74.5 - T - + . N N N ~ N N
46 + - - + + - - - - - |- -
47 + - - + + - - - - -]- -
I8 | - - - ¥ + BGO - TR
49 - - CI + - BGO - - - -]- -[CI = choroid gland inflammation
4450 - - - + - BGO - - - o
ST - - - ¥ : BGO - S CE
5271 - - - ¥ - - - S
53 | - _ - . + - BGO - N P
54 | - - - + - BGO - S
55 | - - - + - BGO - I
56 | - - - + - BGO - T
57 - - - + - BGO - - - -l- -
58 | - - : ¥ - - . T
59 | - - : * - BGO : Y CO
4460 No fish foun
FINAL TOTALS:
- 43 59 58 15 23 15 59 58 57 55{58 56
+ 16 0 - 43 36 BGO35 2 0 1 -11 3
R R 0 BGO 8l 0 o ol1 1 -I-
0 0 0 0 0 , 0 0 -I- J
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Ssoring chniook-Kooskia S18-
1001 - |
1039 EYE GILL LIVER KIDNEY GRAM
MYO FAT MISC |LYMPII EPITH MTSC|FAT KD GRAN MTSC|[ KD GRAN Ca| L K|COMMENTS:
1001 - - = = - - - - - - - ~ - -

02 - - + ———| = - - FM++| - - +]- - FM = Focal mononnclears
— U3 N - - + . - - . - - + B Granulomatous hepatitis
7}4 ¥ ++ = +F = = = }-‘M - - + |- -

T A A A - — 1 - el
T+ - +%. T . —————FM+] - - -{- - | Hepatocytic necrosis

= + = — = - - FM+ + - - + - -

08 - - -] 4+ ++ - - - . - - s i

= + = ¥ - - . - - M - - -1- -

o010 - + - ++ ++ - - - - = = = =

11 — ¥ v - N ;i - - -

12 - - - + - - - - -~ M - o

i3 - - - ++ + - - = = = = ¥ =

14 - - - + + - - = - M - - o

15 - - - * - - - - TM S

16 - - . + - - - - - - - - o I

17 - - - ++ - - - - - _FM - - ¥ [- -

18 - - - + - - - - - FM++| - - +- -

19 - - - + - - - - - FM#++i - - -1- -

1020 - - - - - - - - - FM - - o
21 + - - + - - - - - FM - - +] - -
22 - - - ++ + - - -——M - |- -

T3 - - - + - - - - - - - + + - -

24 - - - ++ - - + - - FM++ - - +| - -

25 - - - - - - - - - - - +4] - -

26 + - - +++ ++ - - - - FM+ + - ++ -} - -

27 —— ¥ - - - - M R

28 - - - * = = - - - FM . + -l - -

—29 = = - + - - FM - * - - -
1030 S I
SUBT( o ! I |
N 27 25 30 3 22 30 29 30 29 10 30 21 16B0 3
+ 34 0 17 5 0 1w ow o w7 angle -
e 0 1 0 9 3 0 0 0 0 6 0 2 2l - -
R un woilw p o 9w 0 a4 - -
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Spring chinook-Kooskia -19-

4031- : X |

4060 EYE GILL LIVER KIDNEY GRAM

[MYO FAT MISC |LYMPH EPITH MISC|FAT KD GRAN MISC| KD GRAN Cal L. K|COMMENTS:

1031 - + - - T S
32 + - - + - - - - - _FM - + ++ |- -
33 - - ¥ - - - - - M — v+ [ -
32 - - + - - — - - FM I
35 - - - + - - - ++ - F_M__ +4+ - -1+ +
36 - - - + - - - - - IM+++| - - -]- -
S7 - - - + - - - - - FM - + +- -
I8 - - - + - - - - - - - - +4 |- -
59 - - - + - - - - - - - - -l1- -

4040 - - - ++ ++ CP ++ ++ - FM ++4+ - -+ + CP = (Cil
41 y - - + : - - - - TM T
12 - - v . . - - S

3 - - ¥ - - - - - M — + - -

4 - - - + - - - - - FM++ - - +[- -
45 - - - + - - - - - EM - - |- -
46 + - - + - - - - - - - - +]1- -
47 - * - CP | - - - FM - - - -
48 - - - ++ - - - - - FM+++ - - ++| - -
49 - - ¥ - - T T R

3050 - - - ¥ - - - - - M - - -

81 - - - + - - - - - - - - -l - -

. - - - + - - - - - - - - - -
T3 | - - - + - - - - - FM - - -1~ -
54 - - + - - - - - . T
ég - - - + + - - - - FM - + +]| - -

- - - + - - - - - - - - 4] - -
57 - - - + - - - - - _FM - - -1 - -
58 - - - + - - - - - FM++[ - - -1 - -
50 [ - - - ¥ - - S L )

7060 | - - - ¥ - - - - M [ - - - -

FINAL ITOTALS:

- ls3 s5 60l 3 50 sglss 59 59 18 | 58 39 25|58 S8
7 a4 ol as 6 cp2l 1 o o 30! o018 28/ 2 |2
e | o 1 o] 13 4 ol 1 2 < 9ol = 2 sl o |

N ° ol e o 1 3| 21 2]
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Dvorshak steelhead 20-
2883- EY): GILL LTIVER KIDNEY GRAM . ‘ '
MYO FAT MISC [LYMPH EPITH MISC|FAT KID GRAN MTSC|{ KD GRAN Ca| L K |COMMENTS:
4061 + - - + + - - . - - - -] - -
62 = ¥ = n + - - - KM - - -1- -
63 + - - - - - - - - - = P
64 - - - * + S P
[{IR) + - - + + 4 - - - - - -~ - -1 -
50 + - - + + - - - - IM - - - - h;
= = = = = = = — — - - 1
gé FF FFF K% - = - - - - - - - -l - **Chronic active dgﬁhalmitis
= D . N - - - = Ci1liated protozoan
0Y - - - + + C - - -
A - - + ++ - - - - M - - o N
—1 ¥ ¥+ - ¥ + R - - - - - - -1 - -
72 - + B + + - - -~ - - - -~ P 7]
—7 - - = - + - - - - - - - - - ]
':=7£ = = = - + Ak - - - FM - - -l - _J1**Questionable protozoan parasite
75 + + - - + CP - - - - - - i R
—76 F F = = ++ - - - - I'M - - o
77 + - - + CP - - s - - Cl
78 ¥ ¥ - - + - - - - - - - - : :
79 5 - - - - - - = - - - R T
4080 - - - + ++ - = - - - = = =
£t = = = + + - + - - - - - -1- -
87 ¥+ = = ¥ + - - - - - - - -1 - -
83 = = ¥ + - + - - - - - - | - -
ok} = = ¥ + - + - - - - - - |l - -
gg = - - + + falka + - - - - - -1~ - **Solitary basophillic mass in SL
8 = = = + ++ CP - - - - - - -] - E - '
_"'O; - + FM + + - - - - FM - - ul E Focal mononuclears in optic nerve
88 + - - + + - - . - EM - _ -]
2090 - - - + +4++ - - - - M - - -l - 4 Gramfbacteria (?) in kidney
SUBTOTALS:
- 15 21 28 10 3 24124 30 30 22 |30 30 30B0 3
+ 13 7 - 19 21 CP4] 6 0 0 FM8 0 0 0]0 0
+4 2 1 - 1 5 ()l o) o o o l O o o - -
+++ 0 1 - 0 1 up v U 0 01 0 0 0f -
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Dvorshak steelhead

4091-
4020

EYE

MY0 FAT MISC LLYMPH EPITH MISC H

GILL

AT

-21-

LIVER
KD GRAN MISC

KD GRAN Cg L

KIDNEY GRAM

K|COMMENTS :

4091

T

92

Ccp

Cp =

Ciliated protozoan

93

++

94

95

36

97

98

99

**Corpnea-scleral

4100

Tnfl -

01

02

-1 SP =

spaorozoan protozoan parasite

03

+i+ ] |+ | ]+

+|+

- . RS
.| **Neuritis (optis nerve)

04

05

**neuritis

(optic nerve)

+4+ 4

F+

Sporozoan

protozoan

parasite

-+

-IIHC =

Brain hemorrhage

HHHHH
]

]+ .
+I

HH|+ |+ HH H HTF

HH A+ H ] HHHH A

CP

-| EFM-Focal

mono's in brain

+

TOTALS:

22 41

13

46

60 60 45

32 16

20

20

CpP7

0 0 FM13

++

00

0 0 FM 2

+++
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Winthrop Steelhead

4501 -
4530

FYE
MYO FAT MISC

GILL

LYMPH EPITH MISC

FAT

LIVER
KD GRAN

.22-

MISC

KTDNEY !GRAM
KD GRAN Ca|l. K

COMMENTS :

+ +4+ -

ED

I'd =“Eocal capillary dilation 1in S.T.

+

FD

*Focal ﬁemorrﬁagc in 1at

+]

+
1

N EIJEREEDES R

+| +] +]
1
1

tl+f ]+
1

+
'

+
1

29

.|++|
1
'

¥De-r1 1n excretory duct

4530

R R R R R R R R R R IR R R R I R R KR R
+
1

+ |+ +] +]

SUBT

DTALS :

19 27

|10 2

22

foe)
|
S
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winthrop Steelhead -23%-

|
4531~ EYE GILL LIVER KIDNEY GRAM _
4560 | \vo FAT MISC |LYMPH EPITH MISC|FAT KD GRAN MISC| KD GRAN Ca| L K|COMMENTS:

4531 + - - +
32
33
34
35
36
37
38
39

4540
41
42 - - -
3 [ +++%® - -
s - -
45 + - -
40 + - -
47 - - -
48
49

4550
51
52
53
ad
58
56
c7
58

——59 |
— 4560 |

FINAL TOTALS:

+
'
'
[
'
'
[

[
'

e |+l ]|+ |+ |+
)
1
)
]
1
1
1
]

EEAE SRR AR I
1
1

- - - - - - - - *Marked muscle regeneration

1
]
IR I s

MP} - - - - - - - *Microsporidian protozoan narasite“‘_
FD = Focal capillary dilatation

]
1
N EICA S NES

vl e ]
)
]

e+ de e de Yol el e+ [+ ] L]+l |+}+]
11
e
i
)
L
1
]
)
)

1
[
+ |+ I+ i1+ |1+ 4+ | +1]

[ e
'
1

- 1720 <6 a0 | 20 5 calsg &n &0 &n [6n o anl |

+ l?Q 3 N l 19 47 Fn§| ? 0 n N I 0 1 ﬂl l
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Tucannon steelhead

1601 -
4630

EYL

MYO FAT MISC

Lympit Ep LT MISC

GILL

LTVER

-24 -

KD GRAN Cal L K

KIDNEY ‘lGR/\M

COMMENTS .

1601

MH

+

FAT KD GRAN MISC

MH =

Mcningeal hemorrhage

(I1CH)

Ue

IM.| -

03

1

ch =

Capillary dilitation

in

S,

I,

04

05

CH-Cerebral hemorrhage.

06

i1 |+ ]

'
BLALAR

BRI AR A AR RS

1
vl 1

v+l (]

**Neutrophiles in secondary lamellae

&

+4

++

Rl —d 1

++

ICH

DTALS :

10

30

24

20

28125

30

30

25 130

28 30{- -

_0

g

1CiH6

10

U

FMS {

U

Q

0 g{- -
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Tucannon steelhead

4631-
4660

EYE

GILL

EPITH MISC]

LIVER

-25-

FAT KD GRAN MISC

KIDNEY
KD GRAN Ca |,

lGRAM
K Cq

DMMENTS:

4631

MY0O FAT M

FM

FM = Focal mononuclears

32

LR

**Foci of neuronhiles

33

+
+

34

o
'

36

37

TR

+

39

4640

41

42

v+ +|—
[}

43

ICH

cerebral _hcmorrhaee

a4

45

46

47

-1 ~roegmental vasculltis

48

v+ ] ]
[

49

4650

51

52

53

54

55

56

57

—

.99

4060

FINA

AL TOTALS :

26 60

52

40

58

29

60 55 60

29 0

ICH7

20

FM1(

0 3 0

0

C

++

FM1

0O O

op

(]

++4+

00
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Willard Coho salmon 226 -

43514 . , w |
4670 EYFE GTLL I.TVER KIDNEY 'GRAM

MYO FAT MISC [LYMPH EPITI MISC|FAT KD GRAN MISC| KD GRAN Ca|l. K{COMMENTS:
T AT51 - - - - - Bcq - - - M| - - - BGO = Basophillic granular orgapism

571 : - - - - - — |- -~ -
53
54
5%
56
57
58
59
7380
61
62
63
64
65
— 606
67 -
68
69
7370
7661
57
53
64
)
g
67
68
—_69] - - 5 -

1670] - ¥ - -

SUBTQTALS:

+
+

HEJEEED NN RIS
)

|
'
+
+1 4]
|
'
'
1
'
[
'
[

- - - ICH = Intracranical hemorrhage

1
\
—
oy
—
—
'
i
1
1
|
)
'

i
1

|l +f+]

+ - - - BGO - - - - - - - BGO = Basophillic granular organjism

+| off ) o] )  f] +4
]
1
t

N - - - (Slide mislabeled as 4067)

1
'
+

+
]
1
I

+h+ [1+
o)
)
O

CR+
+
b
'
'
1
i
'
|
|
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2
2
<
)
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Willard Coho salmon -27-
4671+ . J
4700 EYE GILL LTVER KIDNEY 'GRAM
MYO EAT MISC |ILYMPH EPITH MISC|FAT KD GRAN MISC| KD GRAN Ca| L K|COMMENTS:
— 46711 - = = - + 4 = = - = = = = =
72 - - - + + - - - - - - - -
73 - - - + + 4+ - - - - - - - -
Ta] - - - - - - - - - N t4 -
751 + - - - - - - - - - - - -
&1 + Z - + + - - - - ENL - - - FN = Focdl necrosis
77 + - - + + - - - - - - - -
78] + - - + + - - - - - - - - S
791 ++ - - - + - - - - - - - -
TER0| + — 1~ s - 0_0 0 1 - - - (No liver imbedded)
81 - + - - + - - - - - - + -
—_®Z[ - - - + + - - - - - |- - -
831 . - - - - - - - - - - - -
{4 Nao fish
851 + - - - + - - - - - - - -
- R6l + - - - - CG - - - - - - - CGC = Congested gills
87 - - - + + RBGO+ - - - - - - -
88| - - = = + = Ca— = = E ER—
891 + - - - + RGO - - + - - - ~
4690( - - - - - - - - EM| - = - IF'M = Foc¢al mononuclear cell infaltrat
91{ - - = + + - - - - - - CR—
921 - - cC - - - - - - - - - - CC = Chropic conjunctivitis
93] - - = - = = - - - - - - -
94| + - - - - - - - - - - - -
qg - - - - - - - - - - - - -
96 - - - + + - - - - - - - -
Q7 + - - - - - - - - - - - -
98! No fish Fnun.d_
_ 99 - - - - - - - - - - - - -
4700] + - - - - - - - - - -
FINAL TOTALS: l |
35 54 46 45 32 51{57 S7 55 52 58 26 58
Yl 4 013 24 3l o 0 2 2 01 0
i ) Qo o I o 2 zl n n n n I n nl I
0 (e] I (e] e} 1' e} e} e} l o o OI l




APPENDI X ¢

I NDI RECT FLUORESCNET ANTI BODY TECHNI QUE (I FAT) FOR BACTERI AL Kl DSEY DI SEASE ( BKD)



APPENDI X C. Indirect fluorescent antibody technique (IFAT) for bacteria
ki dney di sease (BKD).
A, REAGENTS

1. Rabbit anti-BKD serum Bionmed Research Laboratories (Seattle).
Titer of 1:512. Hold at -20°c. Store in 0.1 or 0.2 nm aliquots. Dilute
aliquots 1:50 in phosphate buffered saline as needed. Holds for 2 to 4
weeks at 2-4°c.

2. Goat anti-rabbit fluorescein isothiocyanate (FITC). Difco
Laboratories (Detroit). (goat anti-rabbit serum fluorescein conjugated
‘IgG fraction). Rehydrate as per instructions. Freeze in 0.1 m aliquots
until needed

3. Rhodamine counterstain. Difco Laboratories. Rehydrate as per
instructions. Freeze in 0.1 m aliquots until needed

4, Carbonat e- bi carbonate buffer (C BB).

26.5 g NagCoy with distilled water to 500 m final vol une.
Refrigerate until needed.
21.0 g NaHC03 with distilled water to 500 ml final vol une.
Refrigerate until needed.
For fresh CGB buffer, mx 1 part Na2C03 solution with 4 parts
NaHC03

5.  Phosphate buffered saline (Kawanura's) (PBS)

8 g NaCL; 0.2 g KO; 1.15 g anhydrous NajHPO,; and 0.2 g KHoPO,
dissolved in 1,000 m distilled water (pHis 7.2-7.4). Prepare fresh, or
as a lo-fold concentrate without NaCl. Store concentrate at 40C unti

needed; dilute and add Nad.



6. Fluorescent antibody (FA) nounting fluid. pH9. Difco
Laboratories or: 0.5 M carbonate buffer (CBB) (pH 9.5)..... 1 vol ume; plus
9 vol umes reagent grade glycerine. Mx thoroughly.

7. Low fluorescence imersion oil.

8. Rabbit antisera for furunculosis or enteric redmouth (ERM
di sease as desired for control tests. Dilute approximately 1:50 with PBS.

9. Normal rabbit antiserum (RAS). Dilute 1:50 with PBS for
control tests.

B. PROCEDURE FCR PREPARI NG | FAT- BKD SLI DE MATER AL.

. Mx 0.1 m of goat FITCwith 0.1 m of rhodanmine counterstain
and dilute with 4.8 m PBS. This is a 1:20 dilution.

2. The bottomrow of the 12 well nulti-spot control slide is used
to replicate the following controls on the top row

(a) goat FITC conjugate only; (b) normal RAS (c¢) Furuncul osis
RAS; (d) ERMRAS: (e) BKD-RAS; (f) BKD-RAS.

3. Layer a plastic box with wet sponges to provide a noist
chanber, place a wire rack over the sponges, and place the slides on the
rack.

4,  Place one drop of dilute BKD-RU on each well of the test
groups and the appropriate control wells.

5. Place drops of the appropriate antisera on the remaining
control wells (except the FITC conjugate only).

6. Seal the noist chanber and incubate the slides for 15 to 30
mnutes at room tenperature.

7. Flush the slides with PBS and transfer to slide staining dishes

filled with PBS for 10 m nutes.



8. Renpve the slides and dry with a portable (cosnmetic) hair dryer
(with no heat).

9. One drop of the goat FITC counterstain conjugate is placed on
each well of both test and control slides, and the slides are returned
to the moist chamber for 15 to 30 nminutes

10. Rinse the slides with freshly prepared CBB and transfer to
slide staining dishes filled with C-BB for 10 ninutes

11. The slides are blower dried again, and one drop of FA nountant
is placed on each well. Cover slips of 22 x 22 mm and 22 x 50 nm are used
to completely cover the 25 x 75 mm slides. The slips are pressed down,
butted, and snall drops of cosnetic nail polish are used on
corners to prevent the cover slips from nmoving or used to seal the entire
edge. The lacquer is allowed to dry, and the slides are stored
at 4°c until they are read.

C. EXAM NATION OF | FAT-BKD SLIDE MATERI AL.

CGenerally, slides are read within 24 to 48 hours of nounting, although
no problens have been noted with BKD fluorescence for test storage periods
of nounted material in excess of 30 days at 4°C, provided that the entire
slide is sealed with lacquer

The microscope used for reading the |FAT-BKD slides is a Zeiss with an
pie-illumnator (W), 12.5x oculars, and a 100x planachromatic lens with a
nunerical aperature of 1.25. Zeiss |low fluorescence inmersion oil is used

The control slide is scanned first to ensure that all of the procedures
went normally, and the intensity of fluorescence in the BKD control is
subjectively noted. Cenerally, there has never been a problemwth the

control slides using this procedure



W exami ned approxi mately 250 nmicroscope fields (nfs) of anterior and
posterior kidney in the slides fromthe first groups of fish. However, we
noted that if any BKD organisnms were going to be encountered, it would
probably be within the first 100 nfs. Therefore, we felt that we could
safely reduce the field scanning to 150 nfs, and all slides are now
exanmined in this manner. Currently, we are also counting the nunber of BKD
organisns/150 nfs's in an attenpt to deternmine the relative intensity of
i nfection.

The only serious BKD-RAS cross-reactivity that was occasionally
encountered was a bacillus that was easily recognized by its large size (2

to 3 tines that of BKD) andv perfect shape. perfect shape.



APPENDI X D

ANALYTI CAL PROCEDURE FOR MEASURI NG G LL Na+- K+ XTPASE ACTIVITY



APPENDI X D. Anal ytical Procedure for Measuring G 1l Na+-K+ ATPase
activity.
ENZYME PREPARATI ON

For ATPase deternminations, sanples of gill filanents were thawed and
briefly honpgeni zed in a conical glass honogeni zer (7 to 12 strokes). The
honogeni zer was reused with 1 ml SEI which was then added to the original
honobgenate.  The conbined value (2 nm total) was placed in ice water in a
centrifuge tube. To each 2 m volume of honmpbgenate was added 2 ni
distilled water and the contents were mixed. The honpbgenates were
centrifuged (room tenperature) at approximately 3,900 rpm (2,000 RCF) for 5
m nutes (sonme honobgenates from chinook sal non required 7 minutes), after
which the supernatant liquid was decanted and discarded. The pellet was
suspended in 0.5-0.8 nml (depending on size) of a solution containing 0.3M
sucrose, 0.02M EDTA, O I M im dazole, and 0.1% deoxychol ate, pH 7.0 (room
tenmperature) by thorough honogenization in a conical glass honogenizer (30
strokes). The suspension was centrifuged (room tenperature) at 3,900 rpm
(2,000 RCF) for 5 mnutes. An appropriate volume of the resulting
supernatant liquid was withdrawn, placed in a small test tube on ice, and
then used as the enzyme preparation.
ATPASE DETERM NATI ON

Na+- K+ ATPase activity was cal cul ated as the difference between
activities observed in the presence and in the absence of ouabain. One set
of reaction nixtures (0.65 m in each test tube) consisted of (mM) MgCl,,
23; Nad, 115; oI, 75; imdazole, 115; and ouabain, 0.58; adjusted to pH

7.0. A second set contained the same volume and reagents w thout ouabain.



Appropriate reagent blanks were included. Al tubes containing the above
solutions were placed in an ice water bath. Enzyne preparation (10 m) was
added to all reagent tubes followed by 0.1 nl of 0.03M Na,ATP (adj usted

to pH 7.0). The rack of tubes was then withdrawn from the ice bath,

shaken, and placed in a constant tenperature, circulating water bath at
37°c for 10 minutes. After the incubation period, the rack was again
imersed in the ice bath. After reaction mxtures had thoroughly chilled,
0.1 m 17.5%HC104 was quickly added to each tube, followed by 1.75 ni
deioni zed water (room tenperature) and 3.0 m 2-octanol. Al tubes were
then placed in a specially constructed wooden rack to facilitate
extraction. Wthout delay, 0.25 ml anmoni um nol ybdate reagent was

di spensed into each tube. The tubes were then covered with a sheet of
plastic film A wooden |lid containing plastic foam was placed atop the
plastic film (foamin contact with plastic filn) such that pressure applied
to the lid formed a seal over each tube. The rack of tubes was then shaken
vigorously for 30 seconds to extract the phosphonol ybdate conplex into the
octanol phase. The lid and plastic filmwere then renoved and 0.5 m
citrate reagent added to each tube. A new sheet of plastic film was placed
over the tubes and the extraction process repeated for 30 seconds.

Mol ybdate reagent was prepared by adding 200 m concentrated HC to

58.4 g (NH,) 6M070244.Hy0 (anmoni um nol ybdate), dissolving

conpl etely, then adding deionized water to 1 liter. The citrate reagent
contained 143 g citric acid (HpCgHg07.H70) per liter, adjusted to

pH 2.9 with NaOH (approxinately 14 g).



Following the extraction procedure, all tubes were centrifuged briefly
to facilitate conplete separation of the aqueous and organic phases. The
rack of tubes was then placed in a water bath (270280C) to nmintain
constant tenperature while determining absorbance. Aliquots of the octanol
[ ayer were withdrawn and read in a Becknman DB spectrophotoneter at 312 mu
(W) against a reagent blank. Appropriate standards containing known
quantities of phosphate were used to determ ne anounts of phosphate
liberated from ATP during the reactions. Mdlar absorptivity of the
phosphonol ybdate compl ex under these conditions is 20,400. Protein
concentrations in the enzyme preparations were determnioned by the method of
Lowy et al. (1951) as nodified by MIler (1959), using bovine serum
albumin as a standard. [Each assay contained 25 ul of the enzyme
preparation.

ATPase activities were calculated and expressed as micro-nmoles (urn) ATP
hydrol yzed per ng protein per hour. Na+-K+ ATPase activity is the
value determined in the reaction containing no ouabain minus the value

obtained in the reaction with ouabain present.



