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ABSTRACT

We examined the use of counter-immunoelectrophoresis (CIE) to identify
precipitating antigen and antibody in Renibacterium salmoninarum (bacterial
kidney disease-BKD) infected spring chinook salmon (Oncorhynchus
tshawytscha), the effects of screening six specific organ systems on the
efficiency of the direct fluorescent antibody technique (DFAT) to identify
carriers; described the chronological distribution of this pathogen in
carriers for BKD epizootics during both fresh water and initial sea water
rearing; and evaluted the efficacy of erythromycin phosphate therapy and
prophylaxis in the control of BKD.
The CIE technique was sucessful in detecting both ammonium sulphate and
trichloroacetic acid antigen preparations as well as blood borne R.
salmoninarum when screened against goat anti-BKD serum.

No precipitating

antibody was noted, however, in sera from immunized chinook through 41 days
post-inoculation.

The DFAT data from all six organs produced a 66-100%

chance of correctly classifying a carrier as covertly infected and a
77-100% chance as overtly infected.

We noted a maximum decrease of 54% in

the DFAT carrier identification efficiencies as the number of organs
screened for BKD was reduced from six to one.
Juvenile chinook salmon experienced major BKD epizootics in the first
summer and second winter of rearing.

Epizootic peaks were generally

preceeded by a high prevalence of covert carriers, characterized by equal
proportions of overt and covert carriers, and followed by a large
proportion of overt carriers, with winter epizootic having a greater
overall incidence of overt carriers. Only the summer epizootic was
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positively correlated with temperature.

Epizootics continued following sea

water (SW) entry, with cummulative mortalities (CM) exceeding 90% in some
replicates.

Larger fish, in general contained a higher level of BKD

organisms prior to SW entry and fish covertly infected prior to SW entry
experienced greater CM in SW.

Crowding stress during transportation to SW,

however, was found to be a more significant infuence on SW survival than
either the size of the fish of the number of organism.

The causative

organism demonstrated a preference for the kidney and liver of covert
carriers, but were more systemically distributed in overt carriers.
We determined that water-hardening solutions of 2.0 ug/ml erthromycin
phosphate (E-P04) contained 20 times the in vitro minimum inhibitory
concentration R. salmoninarum.

Fertilized chinook salmon eggs were found

to absorbed between 0.62 and 0.91 ug/ml from these solutions during a one
hour water-hardening period. The absorb antibacterial, however, lost its
activity within 24 hours of water-hardening.

Our studies also suggested

that prespawning injections of female chinook with E-P04 imparted
therapeutic concentrations of the drug to unfertilzed ova, but E-P04
probably remained active in the adult for less than one month.

We noted

that mechanical washing appeared to be as effective in interrupting the
vertical transmission of BKD on the surface of fertilized eggs as washing
and water-hardening in 2.0 ug/ml E-P04•

We also found no significant

difference in the carrier incidence of this organism in presmolt
populations following water-hardening in E-P04•
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INTRODUCTION

In the original research proposal to the University of Washington Sea
Grant Program (Klontz 1979) it was noted that each spring hundreds of
millions of coho and spring, summer and fall chinook salmon smolts are
released from public hatcheries in Washington, Oregon and Idaho.

It is

generally accepted by fishery resource managers that only 4-6% of these
fish will recruit to the commercial and sport fisheries or return to the
h atchery of origin.

Three major factors for poor survival have been cited:

1) downstream migration loss; 2) failure to survive adaptation to sea
water; and 3) loss during the marine phase.

Predation on the smolts by

piscivorous species in both fresh and salt water probably accounts for the
largest portion of the losses.

Another influence is very likely the

act i vation of latent microoial infections, especially following sea watet·
entry.

In all likelihood disease also contributes to the "predation

factor" in that clinically ill fish are more susceptible to predation than
healthy fish.
This study addresses a related problem that became apparent in the
middle 1960's but did not arouse much concern, namely, the smolts' ability
to make a successful conversion to sea water without subsequently dying
from activated bacterial infections during the first year of sea water
rearing.

In 1978 a considerable amount of interest was directed toward

this problem and two bacterial diseases, furunculosis and bacterial kidney
disease (BKD), were targeted as major contributors to sea water mortality.
Both diseases commonly occur in hatcheries rearing Pacific salmon and a
great deal of time and money is spent to reduce losses directly attributed
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to these diseases.

Yet, very little interest has been paid to the health

status of the post-epizootic fish.

Questions such as, "Are the fish

carrying the etiological agents?" or, "If they are carrying the agents,
where are these organism being harbored?", have been asked but only
superficially investigated.
In Puget Sound the emerging commercial net-pen salmon culture industry
has felt the economic impact of both BKD and furunculosis.

Unfortunately,

current methods of BKD chemotherapy are expensive and not outstandingly
efficacious when the outbreak is advanced, and the drug of choice,
erthromycin thiocyanate, has not been cleared by the Food and Drug
Administration for use in food fish. Consequently, net-pen operations often
experience serious outbreaks of BKD in near market-size fish.

When this

occurs, two alternatives are available; either try to reduce losses and
raise the fish to the desired market size or process the fish at a smaller
size.

In either case, a reduction in potential profit generally occurs.

The economic impact of furunculosis during the marine phase of a
salmonid's life is also thought to be significant.

According to scientists

at the National Marine Fisheries Service Manchester Laboratory in
Washington, this disease is a greater problem in salmon once they enter sea
water than even vibriosis (Harrell, personal communication).

Evelyn

(1977) established that sablefish and ling cod could succumb to
furunculosis after eating clinically healthy coho that were harboring the
causative agent Aeromonas salmonincida.

This finding suggests that

commercially harvestable stocks of piscivorous marine fishes can be
infected and affected by eating juvenile salmonids that are carriers of
furunculosis or BKD.
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In light of these facts, the University of Washington Sea Grant Program
funded a research proposal entitled "A Study to Abolish the Carrier States
of Furunculosis and Bacterial Kidney Disease in Anadromous Pacific Salmon".
The initial objectives of the study were stated as follows: 1) to develop
and to test, under controlled laboratory conditions, methods of removing or
preventing the carrier state of Aeromonas salmonincida, the causative agent
of furunculosis, in juvenile spring chinook salmon; 2) to develop and test
as above methods of removing or controling the carrier state of
Renibacterium salmoninarum, the causative agent of BKD, in juvenile spring
chinook salmon; and 3) to test these methods under controled field
conditions.

The anticipated benefits from these studies were indicated to

be: 1) reduction of sea water mortality attributable to BKD and
furunculosis; 2) reduction of

adverse affecto on harvestable

piscivorous marine species; 3) reduction of economic losses in the emerging
net-pen culture industry in Puget Sound and elsewhere; and 4) reduction in
costs of rearing Pacific salmon in hatcheries during fresh water rearing.
This dissertation summarizes our attempts to fulfil these objectives by
c
aquiring a better understanding of the identification, epizootiology and
A

control of BKD in juvenile spring chinook salmon populations. Specifically,
it addresses the efficiency of counter-immunoelectrophoresis (CIE) and the
direct fluorescent antibody technique (DFAT) to identify Renibacterium
salmoninarum in both covertly and overtly infected carriers.

In addition,

the study describes the chronological distribution of this pathogen in BKD
carriers during fresh water and initial sea water rearing.

And finally,

the study evaluates the efficacy of erythromycin phosphate therapy and
prophylaxis in the control of BKD.

4
It should be noted, that the format of the dissertation was amended to
accommodate the rapid dissemination of the results.

Consequently, a

chapter format was adopted to present the background, methods, results and
discussion of each research topic, many of which were presented during the
course of the study at either conferences or symposia.
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CHAPTER I

Detection of Precipitating Antibody to Renibacterium salmoninarum
in Chinook Salmon by Counter-immunoelectrophoresis1

1 Published in the proceedings of the International Symposium on Fish
Biologics: Serodiagnostics and Vaccines, Leetown, W.VA., U.S.A 1981,
Developments in Biological Standardization 49, pp. 189-192 (S. Karger,
Basel 1981.
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Abstract

The applicability of counter-immunoelectrophresis (CIE) as an assay
technique for the detection of precipitating antibody to Renibacterium
salmoninarum (BKD) in the serum of chinook salmon (Oncorhynchus
tshawytscha) was ex plored. Soluble antigen preparations of
salmoninarum
were obtained by precipitation with saturated ammonium sulphate and 10%
trichloroacetic acid. These antigen precipitates were screened by CIE
against goat anti-BKD serum and sera from chinook salmon experimentally
inoculated with heat
salmoninarum and Freund's complete adjuvant.
Preliminary results indicated that CIE was successful in detecting both of
the antigen preparations as well as blood borne
salmoninarum when
screened against goat anti-BKD. No preciptin lines were noted, however,
when chinook serum was substituted for the goat antiserum. These
inconclusive results suggest that further research is warranted before CIE
can be used for the detection of precipitating antibody to R. salmoninarum
in chinook salmon.

Introduction

Bacterial kidney di sease (BKD) caused by the organism Renibacterium
salmoninarum (6) is certainly one of the more devastating diseases of both
freshwater and anadromous salmonids in the northwestern United States (5).
Recently, research into the pathogenesis of vertically transmitted BKD in
spr i ng chinook salmon (Oncorhynchus tshawytscha) was initiated at the
University of Idaho, Moscow, Idaho, U.S.A.
immune response to
o f t his study.

Monitoring of the humoral

salmoninarum was incorporated as an integral aspect

Several serodianostic alternatives were considered as

tec hniques which offered quick, easy, inexpensive, and relatively sensitive
assays for humoral antibody; i.e., the enzyme-linked immunosorbent assay
(EL:SA), the hemolytic plaque assay, the counter-immunoelectrophoresis
ass ay (CIE).

A modification of the CIE assay (3) was chosen because if

required only microliter amounts of antigen an antisera in addition to
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above guidelines.

The following preliminary study explores the

of using CIE to detect both antibody and antigens from R.
salmonlnarum in chinook salmon.

Materials and Methods

Antigen Preparation
Renibacterium salmoninarum cells (wet pack) were suspended in sterile
distilled water (SDW) and ultrasonicated (Biosonik IV by Bronwill) for ten,
30-second bursts at 60% (225W) peak output in an ice bath (7), upon which
an equal volume of SDW was added and the supension was held at 4 C
overnjght.

This was followed by centrifugation at 100,000 x g for 30

minutes at 4 C.

The supernatant was removed and divided into two equal

aliquots, which were then precipitated overnight at 4 C with stirring, by
either saturated ammonium sulphate (aliquot-1) or 10% final volume of
trichloroacetic acid (aliquot-2).

Both preparations were centrifuged at

10,000 x g to concentrate the precipitated proteins.

Following

resuspension in SDW, aliquot-1 was dialized against SDW for two days,
whereas aliquot-2 (pH 10.0) was first mixed with an equal volume of
petroleum ether to remove excess trichloracetic acid and then dialized
against SDW.

Both preparations were lyophilized and stored at -20 C.

Anti-sera Production
ThreE lots of 1979 brood chinook salmon (Oncorhynchus tshawytscha)
between 250-400 g were used to prepare antisera to R.
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salmoninarum.

Lot-A was inoculated both intraperitoneally (IP) and

subcutaneously (SC) with an homogenized preparation of Freund's complete
adjuvant and 220 mg/(kg fish weight) of heat-killed R. salmoninarum which
was obtained from the Pacific Biological Laboratory, Nanaimo, B.C., Canada
(2).

Lot-B was used as a positive control and all fish were inoculated IP

and SC with approximately 475 million live organisms suspended in sterile
phosphate buffered saline (SPBS).

The isolate of R. salmoninarum used was

obtained from Dworshak National Fish Hatchery in Idaho.

Lot-C was used as

a negative control and all fish were inoculated IP and SC with only an
homogenate of adjuvant and SPBS.

All lots were held in a common

circulating tank at water temperatures fluctuating between 13.8-17.2 C and
fed a commercial diet of 1/8" Oregon Moist Pellets.

Fish were sampled by

cardiac puncture at days 24, 25, 27, 31, 34 and 41 post-inoculation and
serum was stored at -20 C.

Assay Procedure
A modification of the standard counter-immunoelectrophoresis (CIE) assay
(3) was used to screen both the soluble antigen preparations and chinook
salmon sera.
were

Breifly, the assay employed standard microscope slides which

precoated with a 0.5% agarose solution, dried at 37 C,

subsequently overlaid with 3 ml of a 0.5% solution of agarose in a
veronal-triton X-100 buffer, and then placed into electrophoretic slide
molds .

Standard 2 mm wells were cut in the agarose overlay and filled with

3 ul of the appropriate antigen or antisera preparation.
placed Jn the cathode side of opposing wells.

The antigen was

A 6-8 V/cm current was

applired across the molds for 45-50 minutes in a Gelman electrophoresis
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chamber containing a 0.05% M Tris-HCL buffer pH 7.3.

Slides were dried at

37 C stained with a 0.5% solution of Coomassie Brilliant Blue to better
dist i nquish precipitin bands.
Dilutions of the ammonium sulphate and trichloracetic acid antigen
preparations were screened against dilutions of goat anti-BKD serum
obtained from the National Fish Health Laboratory in Leetown, West
Virginia, U.S.A.

In addition, sera collected form Lots-A, B and C were

screened against both the ammonium sulphate antigen preparation and the
goat antisera.

Results

From an initial wet weight of 1 g Renibacterium salmoninarum, 0.0965 g
of the ammonium sulphate (AS) preparation and 0.0316 g of the
trichloroacetic acid (TCA) preparation were recovered following
lyophilization.
weight reduction.

This represented approximately a 87% wet weight to dry
When these antigens were screened by CIE against goat

anti-BKD serum the following combinations gave the best visual results:
goat ant-BKD 1:1 - AS 0.25 mg/ml and goat anti-BKD 1:5 - TCA 1.0 mg/ml.
These results were enhanced by staining; goat anti-BKD 1:5 - AS 0.125 mg/ml
and goat anti-BKD 1:5 - TCA 0.25 mg/ml.

The AS preparation gave a more

distinct precipitin band and was used in subsequent CIE assays of chinook
serum samples.
Counter-immunoelectrophoresis of chinook serum taken on days 24, 25, 27,
31, 34 and 41 post-inoculation from Lots-A, Band C did not demonstrate
precipitation with the AS antigen at concentrations ranging form 5.0 mg/ml
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to 0.125 mg/ml.

When these same serum samples were screened as antigens

against goat anti-BKD distinct precipitin bands were noted only with
samples taken from Lot-B.

This indicated that antigen to R. salmoninarum

was present, as expected, in the blood of the infected chinook salmon.

Discussion

Historically, humoral antibody response to killed injections of
bacterial kidney disease organisms have been measured as agglutinating
titers (1,2,4).

It is possible that the chinook salmon antisera produced

in this experiment do in fact contain agglutinins.

This can be easily

resolved at a later date, however, the fact that agglutinins or precipitins

'
are present still does not answer the question of conferred immunity.
Ultimately, this question needs to be resolved before any interpretation
can be made concerning humoral immunity in juvenile salmon to R.
salmoninarum.
Several possibilities exist for the failure of CIE to detect
precipitating antibody

salmoninarum.

One, the pH of 7.3 employed for

the assay may have been inappropriate for chinook antisera and a higher pH
could increase movement and precipitation in the agarose matrix.

Two, the

type of immunoglobulin being produced may have been in a form or
concentration which inhibited lattice formation.

Three, the chinook salmon

used may have been immunologically incapable of responding to the organism.
In short , futher work is necessary before CIE can be included or excluded
as an accurate assay of antibody in fish serum, however, our preliminary
result with the goat anti-BKD serum suggest this research is warranted.
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Conclusions

A. Both ammonium sulphate and trichloroacetic acid can be used to produce
soluble antigen preparations from Renibacterium salmoninarum, that could
be used in many types of immunoassays; i.e., CIE, ELISA, and hemolytic
plaque assays.
B. Counter-immunoelectrophoresis offers the possibility of quick and
inexpensive detection of BKD-antigen in chinook serum.
C. The effectiveness of CIE for the detection of humoral antibody toR.
salmoninarum remains inconclusive.

Our results suggest that further

research may be warranted in this area.
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CHAPTER II

Epizootiological Characteristics of Renibacterium salmoninarum Infections
in Chinook Salmon (Oncorhynchus tshawyscha) With Special Reference to
Carrier Identification2

2 ManLscript prepared according to the format acceptable for submission to
the Journal of Fish Diseases.
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The systemic distribution of Renibacterium salmoninarum in juvenile chinook
salmon (Oncorhynchus tshawytscha) was quantitatively described with the
dire c t fluorescent antibody technique (DFAT) during several epizootics of
bact e rial kidney disease (BKD). The effects of screening specific organ
systems on the efficiency of the DFAT in identifying BKD carriers was
evaluated, and a DFAT rating system was developed to distinquish between
cove r t and overt carriers. Juvenile salmon experienced major BKD epizootic
in t h e first summer and second winter of rearing. Epizootics were
preceeded by high percentages of covert carriers, characterized by fairly
equal proportions of covert and overt carriers and followed by mostly
over t ly infected carriers. Only the summer epizootic was positively
correlated with temperature, subsequent epizootics were characterized by
greater numbers of overt carriers and were believed influenced by reduced
immunity and physiological stresses related to smoltification and
osmoregulation. Epizootics continued following sea-water (SW) entry, with
cummulative mortalities (CM) exceeding 90% in some replicates. Larger
fish, in general contained a higher level of BKD organisms prior to SW
entry and fish covertly infected prior to SW entry experienced greater CM
in SW. Hauling stress, however, was found to be a more significant
infuence on SW survival than either the size of the fish or the number of
organism.
organism demonstrated a
for the kidney and
liver of covert carriers, but were more systemically distributed in overt
carriers. Carrier identification efficiencies decreased proportionally as
organ systems were eliminated from the screening process; e.g. 100% for the
head kidney, heart, lower intestine and feces, spleen and trunk kidney and
only 46 % for the lower intestine and feces alone. Using DFAT data from all
six or gans produced only a 66-100% chance of correctly classifying a
carrier as covertly infected and a 77-100% chance as an overtly infected
carrier.

Introduction

Reniba c terium salmoninarum, the causative agent of bacterial kidney disease
(BKD), (Sanders & Fryer 1980), has been recognized for more than 40 years
as a

limiting factor in the artificial propagation of Pacific salmon

(Bullock 1980; Fryer & Sanders 1981; Klontz 1982).

Epizootics of BKD have

been reported over a wide range of water temperatures in both fresh water
(FW) and sea water (SW), (Sanders, Pilcher & Fryer 1978).

Persistent low
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grade mortality is characteristic of this disease, although, severe losses
can occur at peak summer water temperatures and during decreasing water
temperatures in the late fall and early winter (Earp, Ellis & Ordal 1953).
Cummulative mortality may reach 100% in FW, and latent epizootics with
comparable losses are not uncommon following transfer of covertly infected
fish to SW (Wedemeyer 1976).
At this writing, no totally effective treatment has been found that will
control overt epizootics and eliminate covertly infected carriers.

Recent

studies, however, indicate that some protection can be achieved when fish
are injected with inactivated bacterins (Paterson, Desautels & Weber 1980),
but it is still too early to predict whether such techniques can impart
durable immunity to suceptible salmonids.

In addition, for the past 10

years a concerted effort has been underway to develop more efficacious
antibacterial therapy for BKD.

Specifically, prespawning injections in

combination with egg water hardening and prophylactic feeding of
erythromycin have been moderately successful in reducing adult mortality
and increasing SW survival of infected smolts (Evenson 1982; Groman and
Klontz 1983).

Consequently quick, efficient and precise detection of this

pathogen is highly desirable, as it affords the culturist the time
necessary to implement prophylactic measures.

Antibacterial therapy,

however, offers little more than a short term answer to the effect of BKD
on the rearing and ultimate survival of affected Pacific salmon
populations.

A thorough understanding of the epizootiology, immunobiology

and pathogenesis of this disease will be necessary before adequate control
measures can be developed.
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A wide variety of microbacteria!, serological and pathological
techniques have been used for the detection of R. salmoninarum infections
(Bullock 1980): in vitro culture (Evelyn 1977), immunodiffusion (Chen,
Bullock G.L., Stuckey & Bullock A.C. 1974; Kimura, Ezura, Tajima &
Yoshimizu 1978), coagglutination (Kimura & Yoshimizu 1981),
immunofluorescence (FA), (Bullock & Stuckey 1975; Camenisch 1976; Bullock,
Griffin & Stuckey 1980; Laidler 1980), counter-immunoelectrophoresis (CIE),
(Manfredi 1980; Groman 1981), enzyme-linked immunosorbent assay (ELISA),
(Manfredi, personal communication, USFWS Research and Development
Laboratory, Seattle, Washington), gram staining and clinical signs (Klontz
1982).

Once perfected the CIE and ELISA may afford the most precise

detection of antigen and antibodies to R. salmoninarum.

Comparisons of the

identification efficiencies between the other techniques, however,
presently indicate that in vitro culture is the most sensitive means of
detecting covertly infected carriers (Evelyn 1978; Evelyn 1981).
Unfortunately, both the time and difficulty associated with the growth of
this fastidious organism, have forced fish health specialists to resort to
more rapid and less specific identification procedures; e.g., direct and
indirect FA and coagglutionation techniques.

In the northwest FA

procedures are the most widely employed for routine diagnostics, even
though they are at best 10 to 100 times as sensitive as culture.
Consequently, it is possible that many covertly infected salmonid
population have been and are currently being misidentified as BKD-free.
To evaluate the confidence associated with FA diagnostics, we used the
direct fluorescent antibody technique (DFAT) to quantitatively examine the
distribution of R. salmoninarum organisms in both covertly and overtly
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infected chinook salmon during several BKD epizootics in both FW and SW.
We were primarily interested in determining the effect of screening several
organ systems, separately and in combination, on the efficiency with which
the DFAT could identify BKD carriers.

Secondarily, we wanted to evaluate

the possibility of developing a DFAT rating system that would distinquish
between convertly and overtly infected carriers.

Thirdly, we wanted to use

the DFAT data to chronologically described the distribution of covertly and
overtly infected carriers during both FW and SW rearing, and fourthly we
hoped to evaluate some of the synergistic effects of water temperature,
hauling stress and SW entry on this distribution.

Materials and methods

Two Renibacterium salmoninarum infected spring chinook salmon (SCS) females
obtained from the Washington Department of Fisheries (WDF) Cowlitz Salmon
Hatchery were used as a source of fertilized eggs in this study.

Diseased

fish were selected by examining the trunk kidney for gross lesions
resulting from BKD.

Infections were confirmed using gram stain and the

direct fluorescent antibody technique (DFAT)3,

al. 1980).

Four replicate egg lots (two from each female) were incubated and reared
in fresh-water (FW) at the Cowlitz facility for 18 months and then for an
additional two months in sea water (SW) at the National Marine Fishery
Service (NMFS) net-pen facility in Manchester, Washington.

Rearing

3 Fluorescein labled goat
salmoninarum serum was provided by the
Biologics Section of the National Fish Health Research Laboratory,
Kearneysville, West Virginia, USA.
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parameters and history for all replicates, including data on containers,
water , feeding regimens, disease treatments, population size , mean lengths
and disease prevalence at specific times, are recorded in Appendix A
(Tables 11.8-11.11).
At intervals of either 2 or 4 weeks, beginning 12 weeks post-spawning
(WPS), live fish were collected from each replicate group, stored at -20 C
and later examined with the DFAT for the presence of

salmoninarum.

Sample pool size, sampling frequency, sampling date and sample type are
recorded in Appendix B (Table 11.12).

Sampling frequency and pool size did

not vary between replicates but did change with SCS age: two fish per pool
from 7 to 20 WPS; three fish per pool from 21 to 41 WPS; and five fish per
pool from 42 to 90 WPS.

Gross lesions occurring in either the head kidney,

liver, spleen, or trunk kidney were also recorded for 123 pools.
Mortalities were frozen and similarly examined.
Two-fish pools were prepared for DFAT examination by removing the head
and tail regions of each fish and hand-homogenizing the remaining tissue in
0.5-1.0 ml of sterile distilled water.

Combined internal organs from

3-fish pools sampled at 6 and 7 months post-spawning (MPS) were similarly
homogen i zed.

Both sample pools were considered as combined organ pools.

Individual organs systems, head-kidney (HK), heart (H), liver (L), lower
intestine and feces (LI), spleen (S) and trunk kidney (TK), were separately
pooled and homogenized for some of the 3-fish pools at 7 and 8 MPS and all
of the 5-fish pools.

Only TK homogenates were examined for FW mortalities

and bo t h t he TK and LI homogenates for SW mortalities.

A subsample of each

homoge n ate was applied to precleaned glass microscope slides, heat fixed at
60 C, c ooled to 4 C, and then screened by the DFAT under oil immersion.

Samples were assigned a geometric severity rating between 0 and 5
depending on the mean number of fluorescing organisms observed in 40
microscopic

0 if none per field;

for less than one per field; 2

for approximately one per field; 3 for two to ten per field; 4 for ten to
one hundred per field; and 5 for greater than one hundred per field.
For purposes of statistical interpretation both pooled and individual
ratings were recalculated as a percentage of the maximum possible DFAT
severity rating (PMAX).
prevalence of

This value was to be an approximate measure of the

salmoninarum organisms.

DFAT rating the
mortalities.

For observations having a single

e.g., combined homogenates and

For those having ratings in all six organ systems the

of the organ

And, for

mortalities

of

the TK and LI
In addition to DFAT screening, at
culture techniques (Evelyn
from each replicate.

MPS and again at

MPS in vitro

were employed to isolate R. salmoninarum

Just prior to sea water entry (19 MPS) all replicates

were also examined for the presence of Infectious Hematopoeitic Necrosis
Virus (IHNV) with tissue culture techniques (McDaniel 1979) and during the
sea water rearing period for Vibrio anquillarum using the DFAT (Anderson &
Dixon 1983).

Mid-range temperatures in degrees Celsius and mortalities

were estimated from monthly hatchery summaries for FW rearing, and recorded
daily during SW rearing.

Carrier identification
Specific disease classifications were initially assigned to related PMAX
values using the 123 observation with matched gross lesion and individual
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organ DFAT severity ratings

Observations with no gross lesions and PMAX

values equal to zero were designated as 'uninfected'; observations with no
gross lesions and PMAX values greater than zero were designated as
'covertly infected' as were those having a gross lesion in either the HK,
L, S or TK and a PMAX value equal to zero; and observations with both a
gross lesion in either of these organs and a PMAX value greater than zero
were designated as 'overtly infected'.

A mean PMAX value with a 95%

confidence interval was calculated for both the covert and overt disease
classifications (Goodnight 1982).

Values lying between these intervals

were consider shared and given a classification of 'either'.

This

classification scheme was subsequently expanded to include 144 additional
observations having individual organ DFAT severity ratings, but lacking
gross lesion data.

Means and confidence intervals were then recalculated

using all 267 observations and the new values were used to determine
prediction ranges for one combination of all six organ systems and eleven
combinations of the HK, H, L, S and TK systems.

Analyses of disease

classifications and carrier identification efficiencies were made with
these ranges.
To determine the relative R. salmoninarum carrier identification
efficiency for component organs, a frequency analysis of DFAT severity
ratings by disease classification was performed for each organ system (Sall

& Standish 1982).

Severity rating efficiencies were obtained by comparing

the number of carrier, covertly infected or overtly infected pools
identified with individual organs to the total when all organs were
considered.

An actual or real identification efficiency was subsequently

calculated for each system from the product of specific carrier
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efficiencies and corresponding disease classification efficiencies.

In

addition, the contribution of component organ systems to specific disease
classifications was examined by first, determining the percent contribution
of each organ's DFAT severity rating to the total rating for an
observation, and then, calculating the overall mean contribution of these
percentages to each disease classification.

Maximum mean contributions

were also analysized by combining classification percentages; e.g.,
'covertly infected' with 'either' and 'overtly infected' with 'either'.
Students t-tests were used to compare organ means both within and between
disease classifications.
To examine the elimination of organs from the carrier identification
scheme, all possible HK, L, S and TK organ combinations were assigned
disease classifications using PMAX intervals determined from corresponding
gross lesion and DFAT severity ratings.

A frequency analysis of disease

classification was then performed and the resultant data were used to
determine an identification efficiency as above.
The value of using the LI as a sentinel organ for diagnosing
salmoninarum carriers was also explored.

Comparisons of the relationship

between the LI and TK with other organ systems included; a frequency
analysis of the DFAT severity ratings in all organs when either the LI or
TK rating was equal to zero, and a least squares analysis of each
observations LI and TK ratings with those assigned to each of the other
organ systems.

Geometric means for LI and TK DFAT severity ratings of by

WPS were also compared using Students
combined replicate data.

for both individual and

The contribution of each rating level to the
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corresponding geometric mean was subsequently determined using frequency
analysis as above.

Epizootiology
The epizootiology of BKD between 3 and 20 MPS was described using frequency
analysis of monthly mean PMAX values, the contribution of each DFAT rating
level to the PMAX, and the prevalence of assigned disease classifications.
In addition a similar analysis examining the contribution of each organ's
rating to the total assigned to all six organs was computed between 6 and
20 MPS as well as for the entire study.

Comparisons between organ

percentages and mean monthly PMAX values were made using Students !-tests.
Mortality was examined as above excluding the analysis of each organ
system's contribution to the mean monthly PMAX value.
The systemic distribution of

salmoninarum organisms was examined for

live fish using the Kendall Tau B correlation procedure (Sall & Delong
1982).

Correlation coefficients (t) were computed between organ systems

using DFAT severity ratings.

This procedure was also used to examine the

temporal relationships between carrier prevalence, mortality and ambient
water temperature.

Coefficients for the associations between these

parameters were computed using monthly mean PMAX values, mean percentage
daily mortality (PDM) and mid-range monthly temperatures C for both
individual and combined replicate observations.

Coefficients with

probability values (P) less than 0.05 were considered significant, whereas
those with values less than 0.01 were highly significant.
To examine the epizootiological effects of SW entry in combination with
hauling stress, all replicates were placed directly into SW net-pens at 82
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WPS.

In addition, Replicates-A and C were transported at 130% of the

recommended hauling density for SCS (Westers 1981), whereas Replicates-B
and D were transported at 44% and 62% respectively.
transportation and entry into SW,

Following

salmoninarum DFAT severity ratings,

mean PMAX values, disease classifications and ambient water temperature
were compared for live fish on a monthly basis as above.

Mortalities,

however, were examined daily for both BKD and vibriosis.

Specific

comparisons between replicate mean lengths, geometric mean DFAT severity
ratings and mean PMAX values were also computed using Students t-tests.
Comparisons of other parameters regarding the transition from FW to SW and
the effects of hauling stress, however, were addressed in a more
qualitative manner.

Results

Bacterial kidney disease epizootics of varying severities occurred in each
replicate during both FW and SW rearing; (note elevated PMAX values, Fig.
II.1).

Covert R. salmoninarum carriers were identified with the DFAT as

early as 12 WPS (3 MPS) in Replicate-D and overt carriers (PMAX)20%) by 16
WPS (4 MPS) in Replicates-A and C (Appendix B, Table 11.12).

The presence

of this organism was subsequently confirmed in all replicates using in
vitro culture techniques (Table 11.1).

With the exception of a Costia

infestation at 20 WPS no other pathogens, including IHNV, were identified
as significant contributors to the mortality that occurred during FW
rearing.

Although Vibrio anquillarum was identified in several live fish

pools during SW rearing, it occurred in only one SW mortality (Table II.1).
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Figure II.l.

Temperature in degrees Celsius (TEMP C), mean percent daily

mortality (PDM) and the mean percentage of the maximum possible direct
fluorescent antibody severity rating (PMAX) for each replicate by month
post-spawning (MPS).
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Table 11.1. Summary of pathogen occurrence by replicate. Values represent
the number of positively identified samples pools out of total examined.
Live fish
(5 fish per pool)

Replicate

Date

BKDa
DFAT

A

10-13-81

1/12

0/12

4-06-82

11/12

11/12

5-25-82

6/6

BKD
culture

Vibriob
DFAT

Mortality
(individual fish)

BKD
IHNVc

c

1/6

10-13-81

0/12

0/12

4-06-82

8/12

2/11

5-25-82

4/6

10-13-81

4/11

1/12

4-08-82

9/12

10/12

5-26-82

6/6

a
b
c

176/176

1/176

118/118

0/118

0/12
2/6

0/12
0/6

4/19-6/3-82
D

Vibrio
DFAT

0/12

4/14-6/3-82
B

DFAT

10-13-81

1/12

0/12

4-07-82

2/12

0/12

5-26-82

3/6

0/12
2/6

Renibacterium salmoninarum, method of identification the direct fluorescent antibody technique
al., 1980).
Vibrio anquillarum, method of identification the direct fluorescent
antibody technique (Anderson & Dixon 1983)
Infectious Hematopoietic Necrosis Virus, method of identification,
tissue culture and serum neutralization (McDaniel 1979)
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Vibrosis was therefore discounted as a significant influence on the BKD
epizootic in SW.

Carrier indentification: component organ systems
Frequency analysis of component organ systems showed a substantial
reduction in the carrier identification efficiency when organs were
considered separately (Table 11.2).

The percentage calculated for each

organ was inversely related to the number of carrier pools having a zero
DFAT severity rating.

The TK was found to be the most efficient sentinel

organ identifying 77% of the known carrier pools, 46-52% of the covertly
classified and 76-77% of the overtly classified pools.

The 11 was the

least efficient organ identifying only 46%, 7-12% and 36-41% of the
corresponding disease classifications.

Actual identification efficiencies

were in general greater for overt than for covert carriers.
An evaluation of the contribution made by component organ systems to the
classification of diseased carriers indicated a more equitable systemic
distribution of bacterial organisms in the overtly infected pools (Fig.
11.2A).

Spec i f i c comparisons of organ sys t ems within disease

classifications indicated that a significantly higher percentage of total
DFAT severity ratings for each observation were assigned to the TK than to
any of the other organs.

Subsequent comparisons between the HK, H, 1, 11,

and S for each classification suggested that the 1 comprised a
significantly higher percentage than the H in covertly classified pools,
whereas the HK and S comprised a significantly higher percentage than
either the H or 11 in overtly classified pools.

Comparisons between all

covertly and overtly infected carriers indicated a significant reduction in

Table 11.2. Relative efficiency of each component organ system in ide ntifying overt and covert Renibacterium salmoninarum
(BKD) carrier spring chinook salmon following examination with the direct fluorescent antibody technique (DFAT); where TK-trunk
kidney, HK=head kidney, L=liver, S=spleen, H=heart and LI=lower intestine and feces.
DFAT severity rating (number)
pool rating = 0
pool rating

carriers covert overt either carriers covert overt either

Organ
TK HK L
I
I

I
I

I
I

S
I
I

TK

Severity ratinga
efficiency· (percentage)

>0

H

LI

I
I
I

I
I
I
I
I

HK
L

0

0

0

37

36

0

72

69

0

74

67

1

carriers

covert

overt

Actual identificationb
efficiency (percentage)
covert

overt

160

90

46

24

100

79-100c

66-lOOd

79-100

66-100

123

54

46

23

77

60-67

99-100

46-52

76-77

3

88

21

46

21

55

23-37

95-100

13-20

53-55

6

86

23

45

18

54

26-36

90- 98

14-19

43-45

0

N

00

s
H

L1

a
b
c
d

83

75

3

5

77

15

43

19

48

17-30

89- 93

8-14

43-45

83

77

2

8

77

21

40

16

48

23-32

80- 87

11-16

38-42

87

69

6

8

73

13

44

16

46

14-25

86- 96

7-12

39-44

The severity rating efficiency is the probability of successfully identifying either the carrier, covert or overt disease
state using the DFAT.
Actual efficiency is the product of the carriers' severity rating efficiency and either the covert or overt severity rating
efficiency.
Lower value in range represents percentage when only covertly identified pools are considered, upper value when all possible
covert pools are considered.
Lower value in range represents percentage when all possible overt observations are considered, upper value when only overtly identified pools are considered.
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Figure II.2.

(A) mean percent contribution of each organ system BKD

carrier disease classifications (covertly infected, overtly infected and
either covertly or overtly infected fish), (B) contribution when all
possible covertly infected carriers are considered, (C) contribution when
all possible overtly infected carriers are considered; where N represents
the number of organ DFAT severity ratings examined.
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the TK and an increase in both the H and S contributions (Fig. II.2B and
C).

Specifically, the TK comprised 41% of the DFAT severity ratings in

covert carriers but only 24% in overt carriers, whereas comparisons for the
H and S indicated an increase from 7 to 13% and 8 to 17% respectively.
This redistribution of ratings may partially explain why higher actual
identification efficiencies were noted for overt carriers.

Carrier identification: organ system combinations
The ranges of the PMAX values used to determine disease classifications for
eleven combinations of the HK, L, S and TK varied substantially (Table
II.3).

A reduction from six to one in the number of organ systems used to

identify carriers reduced the size of the PMAX range for overt carriers but
more than doubled it for covert carriers.

Whereas, the mean PMAX value

associated with each classification increased as organs were eliminated.
Consequently, some of observations initially classified as overtly infected
with the six organ scheme may have been reclassified as covertly infected
with other identification schemes.
Frequency analyses of the disease classifications of each organ
combination indicated that the changes in total numbers of covertly and
overtly infected carriers did not follow the trends noted above for
corresponding PMAX ranges.

Instead, as data from various organ systems

were eliminated in the identification process, the number of carrier pools
decreased considerably (Table II.4); e.g., from 160 when all of the organ
systems were considered to 77 when only the S was considered.

Similarly,

for covertly identified pools it decreased from 90 to 40, even though the
corresponding PMAX ranges doubled.

The number of overtly indentified
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Table 11.3.
nique (DFAT) severity
maximum possible
sification of pooled

mean direct fluorescent antibody techas a
of the
used to determine disease classalmon
and
intestine and feces.
Disease classification
covert

overt

0 - 19.36

34.61 - 100

19.37 - 34.60

0 - 23.71

42.88 - 100

23.72 - 42.87

TK L

0 - 23.38

45.29 - 100

23.39 - 45.28

TK HK L

0 - 26.32

45.46 - 100

26.33 - 45.45

s

0 - 26.98

47.39- 100

26.99 - 47.38

TK L

0 - 27.17

49.34 - 100

27.18 - 49.33

s

0 - 27.37

52.75 - 100

27.38- 51.74

TK HK

0 - 32.79

53.57 - 100

32.80 - 53.56

TK

0 - 38.39

68.80 - 100

38.40 - 68.79

s

0 - 47.42

62.29 - 100

47.43- 62 28

HK

0 - 49.05

52.91 - 100

49.06 - 52.90

L

0 - 52.10

54.36 - 100

52.11 - 54.35

combinations
TK HK L

s

TK HK L

s

TK HK

TK

H L1

either
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Table II.4. Relative efficiency of organ combinations in identifying overt and covert Renibacterium salmoninarum (BKD) carrier spring chinook salmon, following examination with the direct
fluorescent antibody technique (DFAT); where TK=trunk kidney, HK=head kidney, L=liver, S=spleen,
H=heart and LI=lower intestine and feces.

------------------------------------------------------------------------------------------------Disease classification
(number)

Identification efficiencya
(percentage)

-------------------------- -----------------------------covert
overt
either
carriers
covert
overt
------------------------------------------------------------------------------------------------Organ
combination

s HI

267

160

90

46

24

100

TK HK L

s

267

149

82

43

24

TK HK L

267

147

77

44

s

267

139

78

267

139

TK L

267

TK HK

79-lOob

66-lOOC

93

72- 91

61- 93

26

92

66- 86

63- 96

41

20

87

68- 87

59- 89

72

43

24

87

63- 80

61- 93

137

70

48

19

86

61- 78

66-100

267

134

71

40

23

84

62- 79

57- 87

267

128

59

41

28

80

52- 66

66- 89

TK

267

123

53

42

28

77

47- 59

60- 91

HK

267

88

43

45

0

55

38- 48

64- 98

L

267

86

52

34

0

54

46- 58

49- 74

s

267

77

40

28

9

48

35- 44

40- 61

TK L

TK

b
c

Number
carriers

TK HK L

TK HK

a

Number
pools

s

s

Identification efficiency is the probability of successfully identifying either the carrier,
covert or overt disease state using the DFAT.
Lower value in range represents the minimum identification efficiency or when all possible
covertly identified pools are considered, upper value represents the maximum identification
efficiency or when only the covertly identified pools are compared.
Lower value in range represents the minimum identification efficiency or when all possible
overtly identified pools are considered, upper value represents the maximum identification
efficiency or when only the overtly identified pools are compared:
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carriers, however, remained constant, whereas corresponding PMAX ranges
were noticably reduced.
Evaluation of the resultant carrier identification efficiencies for all
organ combinations indicated that the DFAT was less precise in assigning
disease classifications than had been originally anticipated.

At best the

probability of successfully identifying a known carrier as covertly
infected was between 79 and 100% and as overtly infected between 66 and
100% (Table II.4).

Percentages calculated from frequency data suggested a

positive relationship between the elimination of organ systems and the
probability of identifying carriers.

Again efficiencies assigned to the

overt carriers were uniformily higher in all combinations.
It was noteworthy that the efficiencies calculated using only TK or L
data compared favorably with those derived using all six organs; i.e., 86%
of the total carrier, 61-78% of the covert carrier and 66-100% of the
covert carrier pools.

In fact, the later range was equivalent to that

calculated with the six organ scheme, suggesting that the loss of
identification efficiency might be more than compensated for by a saving in
the time required for tissue processing.

Carrier identification: lower intestine and feces

Frequency and least squares analyses of LI and TK DFAT severity ratings
produced additional evidence for the poor identification efficiency of the
LI.

Specifically, when the TK severity ratings were equal to zero only

7.2% of the ratings recorded for the H, HK, L, S, and LI systems were
greater than zero (Fig. II.3A), as compared to 17.8% for a similar analysis
of the LI (Fig. II.3B).

This represented an 88.6% efficiency for the LI in
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Figure 11.3.

(A) percent occurrence of each direct fluorescent antibody

technique (DFAT) severity rating level by organ system when the trunk
kidney severity ratings are equal to zero, (B), percent occurrence of each
DFAT rating level by organ system when the lower intestine ratings are
equal to zero; where N represents the number of observations examined with
DFAT rating all six organ systems.

DFAT SEVERITY RATING LEVEL

37
comparison to the TK.

Subsequent analyses of the relationship between all

LI ratings and those of the other organ systems supported the frequency
findings; e.g., the TK predicted values within the 0 to 5 range for all
organs (Fig. II.4A), whereas LI ratings greater than 2 predicted TK values
in excess of 5, the maximum assigned as a DFAT severity rating (Fig.
II.4B).

These analyses suggest that the LI is, in addition to being a poor

sentinel organ, an unreliable predictor of DFAT rating levels in other
organs.
Examination of the contribution of each rating level to the geometric
mean rating for combined replicate data revealed a shift in the composition
and percentage of TK ratings toward higher levels during the period from 69
to 81 WPS (Table II.5).

A similar change was not apparent in the LI pools.

Although this shift was not observed for individual replicate summaries,
the significantly higher geometric means noted for the TK in each replicate
suggested that it occurred (Table II.5).

In fact, frequency analysis of SW

mortalities demonstrated significantly higher geometric means for the TK in
all instances except at 84 WPS (Table II.6).

In SW the shift toward higher

rating levels was even more pronounced with 63% of all TK observations in
comparison to only 21% of all LI observations having ratings equal to or
greater than 4.

These results clearly demonstrate that the level

salmoninarum organisms present in the LI of both live and dead SCS is lower
than the TK, and further demonstrate the inefficiency of the LI as a
sentinel organ for detecting BKD.
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Figure 11.4.

Relationship for direct fluorescent antibody technique (DFAT)

severity ratings between organ systems; (A), least squares regression of
trunk kidney ratings with corresponding ratings from other organ systems;
(B), least squares regression of lower intestine ratings with corresponding
ratings from other organ systems; where all DFAT severity ratings are
between 0 and 5.
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Table II.S. Percentage composition by rating level (RL), geometric means (MR) and sampling frequency
(SF) for live fish trunk kidney (TK) and lower intestine (LI) direct fluorescent antibody technique
(DFAT) severity ratings; combined replicates by weeks post-spawning (WPS), both combined and individual
replicates for the entire experiment.
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Table II.6. Percentage composition by rating level (RL), geometric
means (RM) and its percentage of the maximum possible (PMAX), and
sampling frequency (SF) of the direct fluorescent antibody (DFAT)
severity ratings for the trunk kidney (TK) and lower intestine (LI)
in sea water mortalities; for combined replicates by weeks postspawning (WPS) and both combined and individual replicates during
SW rearing.
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Epizootiology: frequency analysis
Live fish: Evaluation of combined replicate data from live SCS indicated
the occurrence of two distinct R. salmoninarum epizootics during FW
rearing.

The first began in late winter (6-7 MPS), peaked during the

summer (9-10 MPS) and subsided by early fall (12 MPS).

It was

characterized by substantially higher PMAX values for carriers at 4 MPS
(7%), 7 MPS (7%) and 9-11 MPS (12-14%); with significantly higher values at
9 MPS (Fig. II.SA).

High mean PDM (Appendix B, Table II.12) occurred at 6

to 7 MPS (0.09% and 0.07% respectively) with a peak at 10 MPS (0.13%),
approximately one month in advance of maximum summer water temperature at
11 MPS (Fig. II.1).

The second and more severe epizootic began with

increasing PMAX levels during the fall and early winter (13-16 MPS), peaked
in mid-winter (17 MPS) and continued through SW rearing (20 MPS), (Fig
II.5A).

Up until SW entry (19 MPS) carrier PMAX levels ranged from 22% to

32% and the PDM fluctuated between 0.04% and 0.09%; following SW entry PDM
exceeded 1.00% (Appendix B, Table II.12).

Water temperatures were

substantially lower; i.e, 5.83 C, during its peak in mid-winter.

This

finding of epizootics in both the first summer and second wint er of FW
rearing, over a wide range of temperatures, is not uncommon for BKD
infections of both trout and salmon (Fryer & Sanders 1981; Klontz 1982).
Frequency analysis, examining the contribution of each DFAT severity
rating to corresponding PMAX values, indicated difference in the
distribution of ratings between epizootics.
summer epizootic (9-11 MPS)

In general, for most of the

salmoninarum carriers exhibited DFAT ratings

in every level, with a greater percentage occurring as either a 1 or 4
(Fig. II.5B).

At its height (9 MPS), however, when the PMAX value was
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Figure II.5.

(A), mean geometric direct fluorescent antibody technique

(DFAT) severity rating of live chinook as a percentage of the maximum
possible rating of 5 (PMAX); (B), percent contribution of each mortalities
DFAT rating to the total rating for that observation.

Percentages were

calculated from combined replicate data by months post-spawning; where NP
represents the number of observations examined and NR represents the number
of DFAT ratings examined.
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significantly higher, 60% of the pools had ratings equal to zero.

This

suggested an inverse relationship between PMAX and the number of zero level
ratings.

During the peak of the winter epizootic (17 MPS) ratings were

initially absent from the higher levels, and a greater percentage occurred
as either a 2 or 3.

Here, the number of zero level ratings decreased to

7%, a sharp contrast to that noted for the summer epizootic, demonstrating
an even greater inverse relationship between these parameters.

A more

equitable distribution of rating levels was noted, however, as SW entry
approached (19 MPS).
Frequency analysis of disease prevalence indicated that during most of
the summer BKD epizootic (7-11
II.6).

carrier incidence exceeded 50% (Fig.

Similarly, SCS pools examined during the initial stages of the

winter epizootic (14-16

indicated a BKD incidence greater than 35%,

and those examined during mid-winter (17-18 MPS) suggested a incidence as
high as 100%.

Analysis of carrier prevalence by MPS, indicated for the

summer epizootic a sharp increase from 12% to 52% at 7 MPS, that was
followed be a progressive increase to a high of 67% at 11 MPS when the
highest summer water temperatures were recorded (Fig. II.6).

Monthly

prevalence declined substantially to 8% at 12 MPS and slowly increased
again during the remainder of the fall leading into the winter epizootic;
i.e., from 17% at 13 MPS to 45% at 15 MPS.

Although carrier prevalence

declined to 65% at 16 MPS, a dramatic shift to 100% was noted at 17 and 18
MPS (Fig. II .6).

Disease prevalence dropped to 62% by 19 MPS and moderated

during SW rearing at 79 %.

It appears that the higher levels of carriers

recorded in mid-winter may have been biased by the small sample size
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Figure 11.6.

Prevalence of disease classifications (uninfected, covertly

infected, either and overtly infected live chinook salmon) by months
post-spawning for combined replicate data; where NP represents the number
of pools examined.
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d at 17 and 18 MPS (Appendix

Table 11.12).

The shift noted at 17

MPS, hoMever, represented a trend that was still considered significant.
evaluation of the composition of disease classifications
indicated a high percentage of covertly infected pools at the beginning of
the summer epizootic
during the
MPS (Fig. II.6).

MPS), equal proportions of covert and overt
at 9 MPS, and predominately covert carriers at 11

The fall and winter epizootic was characterized by more

substan tial alterations in the composition of disease classifications.
MPS the percentage and composition of

At

carriers was nearly equal

to that noted during the height of the summer epizootic.

17 MPS,

however, when no unifected pools could be identified a shift to mostly
overt carriers was noted (Fig. II.6).

For the remainder of the epizootic

the distribution of disease classifications moderated toward equal
percentages of both overt and covert carriers.

These analyses suggest a

positive relationship between the number of

carriers and increases in

both the percentage of positive DFAT severity rating and the mean PMAX
values of each pool (Fi g . II.SA).

In addition, disease classification

appeared to be the best descriptive epizootiological parameter of the
three, even though it was derived from the other two.
Data collected prior to 6 MPS or between 12 and 13 MPS was excluded from
comparisons of organ system contributions to mean PMAX values, as only
combined organ

TK pools were examined during these periods.

Frequency analysis of the remaining combined replicate data indicated a
significantly greater contribution for the HK and L as compared to the H,
and for the TK as compared to all organ systems (Fig. II.7A).

These

findings were in agreement with earlier analyses of covert and overt
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Figure 11.7.

Mean percent contribution of each organ system to the total

direct fluoresent antibody technique (DFAT) severity rating for live fish
observations. (A) combined replicate percentages of observations with DFAT
ratings in all six organ systems for all months, (B) combined replicate
percentages by month post-spawning; where N represents the number of
observations examined for each organ system.
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disease classifications

Subsequent comparisons by MPS

identified significant differences between organs systems primarily during
low epizootic
the

14 and 15 MPS

At these times

HK and L supplied the greatest number of DFAT

the mean

ratings to

During peak epizootic periods (9

17 MPS) ratings

were distributed more equitably between each organ

These finding

were most clearly demonstrated by comparisons of the TK with the H and
For the later two organs a

relationship was found between mean

percent contribution and peak epizootic
was true for the
of

In

the

This finding suggested a more localized distribution

salmoninarum organism during periods of reduced carrier
preceeding or between

and a systemic distribution during

peak epizootic
Mortalities: For

key epizootic periods

mortalities were not consistantly

8-9 and 17-18 MPS FW

therefore many monthly

epizootic trends could not be directly compared with those recorded for
During SW
Replicates-A and

mortalities were examined daily in
consequently similar comparisons were

Frequency analysis of

for combined replicate DFAT

ratings indicated significantly higher

of

salmoninarum in

mortalities during the months preceeding both the summer and winter BKD
epizootics

at

at 16

significantly lower

end of the summer epizootic
between epizootics
at 20

at 7

at 11

at 15 MPS and
were noted toward the

during the fall interum

at 13 MPS) and during SW rearing

Subsequent

at 19 MPS and

of the contribution by each organ
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Figure II.8.

(A), mean geometric direct fluorescent antibody technique

(DFAT) severity rating of mortalities as a percentage of the maximum
possible rating of 5 (PMAX); (B), percent contribution of each mortalities
DFAT rating to the total rating for that observation.

Percentages were

calculated from combined replicate data by months post-spawning; where N
represents mortality frequency.

Note that percentages pertaining to sea

water mortalities only represent data from Replicates-A and D.

APRIL- 82 ..
(19)

0
JANUARY - 82
(16)

DECEMBER- 81

f.-,

#

(15)

NOVEMBER- 81
(14)

0

.

L-----./

OCTOBER - 81

(f

l..n

w

(13)

SEPTEMBER- 81
(12)

LEGEND
SEA WATER

N

0

4

LEVEL

5

N

54
rcting to its mean PMAX value, indicated that periods having
higher

values also had a higher percentage of ratings equal to 5,

while periods having lower PMAX values showed a more equitable distribution
of percentzges between 0 and 5 (Fig. II.8B); e.g., at 13, 19 and 20 MPS
when mortal ity PMAX values were lower, a greater percentage of the
ratings were equal to zero.

was most evident following SW entry (19

MPS) when t he PMAX value was at its lowest (40%) and the percentage of zero
ratings was at its highest (21%).

As for live fish, these results indicate

an inverse relationship between PMAX values and the number of zero level
ratings.
Frequency analysis of mortality disease classifications by MPS indicated
that BKD prevalence was also inversely related to the mean PMAX value.
Specifical l y, during periods characterized by reduced PMAX values (13 and
19 MPS, Fig. II.8A) a higher percentage of the mortalities were identified
as unifected (had severity ratings of zero, Fig. II.8A), whereas the
opposite was true for periods with high PMAX values (6 and 7 MPS), (Fig.
II.9).

Similar comparisons between FW and SW mortalities indicated that

covert prevalence increased (from 0 to 7%) and overt prevalence decreased
(from 84 to 75%) following SW entry (Fig. 11.9), even though the carrier
incidence remained unchanged (95% in FW and 94% in SW).

results

suggest that when mortality PMAX values were significantly lower,
epizootiological parameters other than BKD apparently influenced mortality;
e.g., environmental conditions (water temperature), physiological changes
(smoltification and osmoregulation)

noninfectious disease processes.

Further, this hypthesis suggests that the parameters which were
characteristic of the FW epizootic mortalities (10-11 MPS), such as higher
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Figure

r=.9.

Prevalence of disease classifications (uninfected, covertly

infected , either and overtly infected chinook salmon) by months
post-spavning for combined replicate mortality data; where NP represents
the number on pools examined.

Note that sea water percentages were only

calculated with mortality data from Replicates-A and C.

-

PREVALENCE

LEGEND

SEA WATER

UNINFEGTED

COVERT

EITHER

DISEASE CLASSIFICATION

OVERT

N

---

57
mean

values and greater percentages of both high DFAT ratings and

overt BKD carriers, resulted primarily from a systemic
infection, whereas those characteristic of the
such as lower mean

salmoninarum

epizootic (19-20

values and higher percentages of both low DFAT

ratings and covert BKD carriers, were additionally influenced by other
epizootiological parameters.

Epizootiology: correlation analyses
Correlation analyses indicated a highly significant positive relationship
between the DFAT severity ratings assigned to each organ system (Appendix
C, Table 11.13).

The strongest association occurred between the ratings of

the H and the other organs (t

0.69-0.72) and the weakest between those of

the TK with other organs (t = 0.52-0.70).

These results suggest a fairly

consistent systemic response by SCS to infection of R. salmoninarum, where
changes in the numbers of bacteria in one organ system corresponded to
changes in the other systems.
and

values (Fig. 11.1) revealed no significant association between

replicates for either
(Appendix C, Table
found for

Similar analyses for mid-range temperature,

with

replicate (t =

with temperature or

with temperature

A significant positive relationship, however, was
in Replicate-C (t = 0.51) and for

Subsequent analyses of combined replicate data

indicated that in fact weak positive correlations existed for
temperature (t = 0.21,
Apparently,

in each

and

with

with

(t = 0.19,

was by far the best indicator of epizootiologic variability

between replicates.
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Epizootiology: sea water entry
Live fish: The effect of sea water entry on the survival of 19 month old
SCS infected with
replicate data.

salmoninarum was initially examined using combined
Frequency analyses of combined live SCS pools indicated a

substantial but nonsignificant rise in the mean PMAX value (Fig. II.SA), an
increase in the percentage of positive DFAT severity ratings (Fig. II.SB)
and a corresponding increase in the prevalence of overt carriers following
SW entry (Fig. II.6).

Subsequent analysis, of the percent contribution by

each organ systems' DFAT ratings to corresponding PMAX values, indicated
significant changes in the percentages between organs after two months in
SW (Fig. II.7).

Specifically, at 19 MPS the TK contributed a significantly

greater percentage of ratings than any other organ, while the HK, L and S
contributed more than the LI and the HK also contributed more than the H.
Following SW entry (20 MPS) the percent contribution by the TK, L and S
decreased while that of the H and LI increased, suggesting a more equitable
distribution of DFAT ratings between organ systems in SW; this was also
characteristic for FW epizootics (9 MPS, 17 MPS).
Mortalities: Because no FW mortalities were examined with the DFAT between
16 and 19 MPS, epizootiological parameters derived from severity rating
were not compared for SW entry.

Instead general trends were noted earlier

during the evaluation of combined replicate mortality.

Comparisons of

mortality rates, however, indicated a dramatic rise in mean PDM following
SW entry; i.e., from 0.04% at 18 MPS to a mean of 2.37% for 19 and 20 MPS
(Appendix B, Table II.l2).

Initially, mortality resulting from the stress

of transportation accounted for much of this difference.

Mortality rates
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for all replicates during the first week in SW, including transportation
mortalities, were significantly higher than for the following week (13.55%
per day), (

11.7).

Subsequent examination of the PDM indicated a

decrease to below 1.00% within two weeks of SW entry followed by another
significant increase at 86 WPS, approximately one month after entry (Fig.
11.10).

For the remainder of SW rearing (87, 88 and 89 WPS) combined

replicate PDM ranged between 0.48 and 1.21% and no significant epizootic
peaks were noted

11.7), even though water temperature steadily

increased to an eventual high of 11.7

c.

was probably due in part to

the low numbers of fish remaining after 86 WPS.
of individual replicate mortality rates, water temperatures
and

severtiy ratings of SW mortalities suggested that the rise in PDM

noted at 86 WPS constituted a minor BKD epizootic.
PDM for

Specifically, the mean

C and D,(3.69% to 8.63%), during this week were

significantly higher than for either preceeding or following weeks
11.7).

Ambient water temperatures, although not dramatically higher, rose

above 9 C for the first time at 85 WPS (Fig. 11.10).
antibody examinations identified only
related mortalities

And, fluorescent

salmoninarum form the

11.1), implicating

In addition, frequency analysis of the

and 11 of

BKD as the chief pathogen.

ratings indicated a more

equitable distribution of rating levels for both organs; i.e., a greater
percentage of mortalities had lower ratings than in either the preceeding
or following weeks

11.6).

findings, especially the occurrence

of mortalities with lower levels of organisms, are similar to the parameter
noted earlier for summer epizootic, and strongly suggest the occurrence of
a BKD epizootic one month after SW entry.

Table II.7. Percent daily mortality (PDM) incurred by replicates following
entry into sea-water at 82 weeks post-spawning (WPS). High density refers to
the mean of Replicates-A and C, Low density refers to the mean of Replicates-B
and D, and Combined refers to mean for all replicates.

----------------------------------------------------------------------------Apr
May
------------------------------------------------------------82
84
87
83
85
86
88
89
WPS
All
-----------------------------------------------------------------------------Replicate-A

10.48

0.75

0.22

1.18

3.69

0.91

l. 70

0.81

2.43

Replicate-B

4.75

0. 92

0.14

0.23

0.40

0.22

0.20

0.36

0.75

Replicate-C

26.77

0.33

0.73

l. 79

8.63

1.14

0.15

0.61

4.51

Replicate-D

6.59

1.82

1.28

0.65

4.17

0.51

0.13

0.17

1.66

High density

18.00

0.54

0.50

1.48

6.16

1.02

0.86

0.72

3.47

5.28

1.33

0.71

0.44

2.29

0.37

0.16

0.27

1.20

13.55

0.92

0.61

0.96

4.22

0.70

0.48

0.51

2.37

Low density
Combined

"'
0
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Figure 11.10.

Percent daily mortality in sea water and the mid-range

weekly water temperature C for each replicate at the NMFS net-pen facility
in Manchester, Washington.

Replicates-A and C (*) were transported in

excess of recommended densities, Replicates-B and D (o) below recommended
densities.
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Hauling stress: Transportation of SCS at
density was

of the recommended loading

to their initial SW

Replicates hauled at

the higher densities experienced substantially greater first day
Replicate-A

and Replicate-C

and

for

Replicates-B and D
mortality (CM) for the entire two months of SW rearing was higher in the
high density
and

Replicate-A

and Replicate-C

for Replicates-B and D

In

the PDM of the

two high density groups remained significantly greater throughout SW
as opposed to
was especially

per day (Table

This difference

during the SW epizootic at 86

when the high

density replicates experienced significantly greater PDM

than the

other replicates
Comparisons of mean lengths of 100 SCS and

from 60 SCS for

each replicate at SW entry indicated that size of fish was
correlated with

(Appendix

Table

fish from

Replicates-A and C had mean lengths of

and a mean

of

whereas fish in Replicates-B and C had significantly lower mean
lengths of

and mean

of

similarly correlated with mortality in

Unfortunately
In

Replicate-D the smaller fish (mean length

at entry was not
of the two low density

165mm) with lower

experience significantly greater PDM during the SW epizootic
at 86 WPS (Table
rearing than

and substantially greater CM for the remainder of SW
which contained larger fish (mean length

with higher
after one month of SW

Subsequent comparisons of

fish

indicated significantly greater

173mm)
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only for

accounting for the substantial but nonsignificant

increase in the

noted

results suggest that

for combined replicate

These

salmoninarum epizootics occurring prior to SW entry

continue to incur high PDM during SW

and that hauling stress may

be a more significant influence on the

than either size of fish or

intensity of

Discussion

As early as

Belding

Merrill noted a difference in the distribution

and number of organisms found in the organs of trout infected with
Renibacterium salmoninarum
in the

Since

in the
researchers

organ preference and

in the

and

confirmed differences in both

of infection for this

Wood

Wallis (1955) indicated that for adult chinook salmon the preference was
and

whereas for

it was

L and

pink salmon adults the preference was L and

Bell (1961) noted for

Smith (1964) found that

atlantic salmon demonstrated preferences for the peritoneal muscul
S and

Peterson (1982) noted that male cutthroat trout were most
infected in the testes followed by the

infected fish the

and

Lall

preference to be

L and in

Desautels (1981) identified the
S and

We found the preferred

organ systems for both parr and smolting chinook salmon to be TK
L

LI

S

and H

and that

HK
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of covertly infected.

were misidentified samples which did not

conform to the initial criteria adopted for the differenciation of disease
categories by gross lesion and

severity rating.

Consequently, further

refinement of this system will be necessary before it is acceptable for
routine field diagnosis.

From an experimental standpoint, however, the

system was useful for comparing the identification efficiencies between
various combinations of organ system

II.2 and II.4).

Specifically,

an examination of the actual identification efficiencies assigned when
individual organs were used, like the

II.2), readily demonstrated

the necessity for examining more than one organ system when searching for
covert carrier with the

e.g., the overall carrier efficiency for the

was only 77%, and an attempt to designate samples as either covertly or
overtly infected reduced the efficiency to 46-52% and 76-77% respectively,
levels that would be considered unacceptable for disease certification.
findings further support the need to develop more reliable and
sensitive assay techniques for BKD.
Although the
researchers

is the most often used to identify BKD carriers, several
1976;

al. 1980; and Mitchum

Sherman 1981)

i ndicated that for covertly infec t ed salmonids examination of the

and

fecal material gave better carrier identification efficiencies.
studies revealed that this was not the case for chinook salmon parr and
smolts.

We not only found lower identification efficiencies when only

homogenates of the

were examined

organ was a poor predictor of

II.2), we also noted that this
rating levels in other organs; e.g., the

accounted for fewer zero level ratings than other organ system (Fig.
II.3B), and it consistently predicted unrealistically high corresonding
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of covertly infected.

These were misidentified samples which did not

conform to the initial criteria adopted for the differenciation of disease
categories by gross lesion and DFAT severity rating.

Consequently, further

refinement of this system will be necessary before it is acceptable for
routine field diagnosis.

From an experimental standpoint, however, the

system was useful for comparing the identification efficiencies between
various combinations of organ system (Tables 11.2 and 11.4).

Specifically,

an examination of the actual identification efficiencies assigned when
individual organs were used,

the TK (Table 11.2), readily demonstrated

the necessity for examining more than one organ system when searching for
covert carrier with the DFAT; e.g., the overall carrier efficiency for the
TK was only 77%, and an attempt to designate samples as either covertly or
overtly infected reduced the efficiency to

and

respectively,

levels that would be considered unacceptable for disease certification.
These findings further support the need to develop more reliable and
sensitive assay techniques for BKD.
Although the TK is the most often used to identify BKD carriers, several
researchers (Lobb 1976;

al. 1980; and Mitchum

Sherman 1981)

indicated that for covertly infected salmonids examination of the L1 and
fecal material gave better carrier identification efficiencies.
studies revealed that this was not the case for
smolts.

salmon parr and

We not only found lower identification efficiencies when only

homogenates of the L1 were examined (Table 11.2), we also noted that this
organ was a poor predictor of DFAT rating levels in other organs; e.g., the
L1 accounted for fewer zero level ratings than other organ system (Fig.
and it consistently predicted unrealistically high corresonding
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levels in all other organ systems (Fig. II.4B).

In addition, we found that

the number of R. salmoninarum organisms present in both covertly and
overtly infected carriers was significantly lower in the
(Fig.

than the TK

We also noted a direct relationship between the

number of organisms in the

and peak epizootic periods

Consequently, during months preceeding or between epizootics (8 MPS, 14-16
MPS) the number of organism in the
the HK, L or TK.

was substantially less than that of

These observations strongly suggest that the chances of

identifying carrier, especially outside of epizootic periods, are
substantially greater when organ systems other than the
DFAT screening.

Certainly a combination of the

are used for

and the TK would

increase the probability of identifying covert carriers, however, it
appears that the TK in combination with the L would the better choice
(Table
Several studies have employed either direct or indirect fluorescent
antibody procedures to examine internal organs in addition to the TK for R.
salmoninarum (Mitchum, Sherman & Baxter 1979; Novotny & Zaugg 1979;
Paterson, Gallant, Desautels & Marshall 1979; Manfredi 1980; Mitchum &
Sherman 1981; Paterson et al. 1980; Paterson et al. 1981).
of Paterson et al. (1981) was comparable to this study.

Only the work

They examined the

number of organisms in the blood, heart, spleen, kidney (TK-HK), stomach,
intestine (LI), feces (F) and liver of Atlantic salmon during the five
months preceeding SW entry.

Unfortunately, because rearing temperature and

initial BKD prevalence were substantially different between the studies, no
definitive comparisons could be made concerning these parameters.
Specifically, they reported a positive relationship between increasing
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temperature (1 to 10 C) and disease prevalence.

In this study temperature

remained relatively constant (4 to 6 C), and prevalence was already at a
maximun in February, consequently we observed a decrease the monthly
prevalence by April.

Data concerning the level of bacteria in various

organ systems, however,

comparable.

In particular, we noted only one

difference between the studies, they suggested that the

and F

harbored higher levels of bacteria during periods of reduced BKD
prevalence; whereas, we found the opposite to be true (Fig. II.7).
for this observation, both species apparently experience severe BKD
epizootic in the second year of FW rearing, prior to and during
smoltification.
In regard to similarities, we noted the following between BKD infections
of Atlantic and chinook

(1), the TK-HK is by far the most severely

infected and affected organ system in two year old fish; (2), the S and H
are the least infected and affected; and (3), an inverse relationship
apparently exists for the numbers of organisms found between the TK-HK and
the

i.e., as was noted earlier, on a monthly basis high TK-HK reading

corresponded with lower

readings.

by the low correlation value (t

=

This last observation was supported

0.52) we noted between changes in the

DFAT ratings of the TK and LI, in fact this value was the poorest recorded
for any combination of organs.

Concerning the first two observations, it

was surprising to find that the TK was the least correlated, whereas the H
and S were the best correlated of the six organs systems examined for
changes in numbers of

salmoniarum organisms (Appendix C, Table II.l3).

These findings suggest that the organs least affected by BKD explain
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concordant and discordant systemic changes in bacterial numbers better than
highly affected organs such as the TK and HK.
The confirmation of R. salmoninarum in live fish sampled as early as 3
MPS (Fig. II.5B), prior to rearing in river water (Appendix A, Table II.9),
suggested that this pathogen was vertically transmitted to parr in all
replicates.

Bullock, Stuckey

(1978) noted that vertical

transmission occurred for SCS even following organic iodine disinfection of
eggs.

Consequently, we believe the prevalence of BKD carriers

(Fig II.6) and mortalities (Fig. II.9) recorded during the first winter and
spring of FW rearing were partially if not fully attributable to vertical
transmission.

The continuous identification of organism in both live parr

and mortalities for the remainder of FW rearing, however, suggested that
transmission within replicates was the primary mode of
reinfection during subsequent
The bimodal

pattern we observed for SCS parr following the

first spring has been described previously for salmonind infected with BKD;
brook and brown trout (Belding

1935), juvenile chinook salmon

(Earp et al. 1953), pink salmon (Bell 1961), chinook and masu salmon
(Kimura 1978), cutthroat trout (Peterson 1982), and atlantic salmon
(Paterson et al. 1981).

In particular, we expected to observe a positive

relationship between rising water temperature (spring 5.8 C, summer 12.8
C), BKD carrier prevalence and PDM; as maximum mortality has consistantly
been associated with higher water temperatures during the spring and summer
(Earp et al. 1953; Sanders et al. 1978; Mitchum et al. 1979; Peterson 1982;
al. 1980).

Similarly, we also anticipated the higher carrier

levels and mortality rates noted for the winter epizootic in the Cowlitz
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fish, as epizootics have also been reported at periods of decreasing
water temperature (Fryer

Sanders 1981).

Consequently, it was not

surprising that correlation analyses revealed a poor overall association
between PDM and monthly

temperatures (Appendix C, Table 13).

Apparently, parameters beside temperature can significantly influence
In fact, present theories

factors such as reduced

(Wedemeyer 1970), crowding stress (Wedemeyer 1976),
physiological stress related to smoltification (Wedemeyer, Saunders
1980) and diet composition (Paterson et al. 1981), with latent and
overt epizootics in salmon.
In addition to temperature, we found considerable differences in carrier
prevalence and disease severity between the summer and winter epizootics.
In general, the latter was more severe, having levels of

salmoninarum

twice those recorded for carriers during the summer epizootic (Fig.
II.SA).

A greater overall

incidence and a higher percentage of overt

carriers, especially following SW entry, were also characteristic of the
winter

(Fig. II.6).

These differences were especially evident

when replicates were examined separately; e.g., although correlation
analyses of combined replicate data indicated only a
between the number of organism in a

association

carrier and the PDM (t

0.19, P

0.10), analyses of individual replicates indicated a strong correlation
between these parameters only for

(t

(Appendix C,

Table II.l4).
Similarities were also observed between epizootics for the number and
systemic distribution of organisms in live carriers at periods of high
mortality.

Specifically, for months immediately preceeding and during
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epizootic

we noted an increase in the number of organisms present in

the H, LI and S (Fig.
involvement.

II.7), indicating greater systemic

Conversely, during periods of reduced

prevalence and

mortality, fewer organisms and organ systems were involved in the disease
process; i.e., the TK, HK and L were most severely infected (Fig. II.7).
In addition, PDM was strongly correlated between replicates during both FW
and SW rearing (Appendix C, Table II.l4).

These findings suggest; (1) that

fairly high threshold numbers of bacterial organisms are necessary before
systemic involvement is complete; (2),

salmoninarum is at least

initially selective for the organ systems it invades; and (3) epizootics
can vary significantly not only between seasons but also between related
populations of infected

salmon.

analyses of mortality resulting from FW

epizootics indicated

that a high percentage of losses were overtly infected with

salmoninarum

(Fig. II.9); i.e., the TK of these fish generally contained greater than
100 organisms per microscopic field when examined with the DFAT (Fig.
Whereas, overtly infected live
least 10 times fewer organisms (Fig.

(Fig. II.6) harbored at
These findings were in

agreement with those of Mitchum et al. (1979) for
brown and rainbow trout.

infections of feral

In contrast a substantial proportion of

the SW mortalities were either unifected of covertly infected (Fig. II.9),
and in general, even though the mean PDM in SW are higher than for FW, the
average mortality contained fewer

salmoninarum organisms.

Apparently,

fish that would normally survived in FW, even with much higher levels of
bacterial organism, faired poorly in SW.

As we alluded to earlier, this

was problably due to the synergistic effects of crowding stress during
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transportation and physiological changes related to smoltification with
BW.
The negative effects of both latent and/or overt

epizootics on the

SW survival of Pacific salmon are well documented (Earp et al. 1953;
Wedemeyer 1976; Sanders 1979; Fryer & Sanders 1981; Harrell, Novotny &
Safsten 1981; Banner, Rohovec & Fryer 1983).

Consequently, we expected

that high initial, daily and cumulative mortality (CM) attributable to BKD
would occur in all replicates following SW entry.

Similarly, we were not

surprised to find that high density hauling stress substantially influenced
SW survival.

Two noteworthy observations, however, were made concerning SW

survival of chinook salmon: (1), larger fish on SW entry tended to have
higher levels

salmoninarum organism; and (2), at SW entry fish with

lower levels of organisms incurred greater CM than fish with higher initial
levels; e.g., Repilicate-D PMAX = 1.7% CM =59%, compared to Replicate-B
PMAX = 22% CM = 34%.

Both observations have apparently been corroborated

in recent studies examining the effect of smolt size on SW survival (Lam,
unpublished data, University of Idaho, Moscow).
Specifically, in those studies, 18 month-old chinook salmon with BW
infections, were segregated by length and subsequently transferred to and
reared in SW for 5 to 6 months.

After 132 days in SW, overtly infected

fish with mean lengths of 172mm at SW entry experienced a CM in excess of
60%, whereas smaller fish with mean lengths of 134mm, obtained from the
same population, had cumulative mortalities below 46%.

In a similar

experiment, spring chinook salmon of comparable lengths (Lot-A,

X=

123mm

and Lot-B, X = 128mm) were obtained from different hatcheries populations
(Population-A Rapid River was covertly infected with BKD, Population-B
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Dworshak National Fish Hatchery was overtly infected with BKD) and reared
for 6 months in SW.

For the first two weeks following SW entry the PDM for

Lot-A was substantially lower than for Lot-B.

After two weeks both groups

were accidentally subjected to an oxygen depletion that lasted several
hours.

During the remainder of SW rearing, Lot-A, the covertly infected

chinook, experienced higher PDM as well as CM; i.e., Lot-A= 87% and Lot-B
67%.

Apparently, stress resulting from the oxygen depletion triggered a

latent BKD epizootic in Lot-A, similar to that noted by Wedemeyer (1976)
for coho salmon following crowding stress.
These results indicate that chinook populations covertly infected with
R. salmoninarum prior to SW entry, can experience SW epizootics equivalent
to or greater than those of overtly infected populations, and in generally
demonstrate higher CM.

One possible reason for this seemingly

contradictory finding could be that covertly infected carriers, not having
experienced a major BKD epizootic, lack acquired immunity to the disease.
Consequently, when they are initially stressed during SW adaptation the
resultant epizootic is severe.

Conversely, a population of overtly

infected carriers by definition contains fish that are more resistant to
the disease, as these fish have most likely exper i enced a BKD epizootic and
probably possess some immunity to the disease.

Therefore, their reaction

to SW adaptation or any subsequent stress is initially less dramatic.

In

either case the resultant mortality is so severe, apparently recruitment of
BKD infected populations to the salmon fishery is negligible.
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CHAPTER III

Chemotherapy and Prophylaxis of Bacterial Kidney Disease
with Erythromycin4

4 Abridged form accepted for publication in the Journal of the World
Mariculture Society, May 1983.
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Abstract

In recent years there has been a resurgence of research efforts to
develop efficacious methods for the prevention and treatment of
Kidney Disease
a significant systemic bacterial disease of
salmonids. This paper reviews these efforts to date with particular
emphasis on the use of erythromycin compounds to prevent
episodes in
North America and Europe. Topics addressed include: the significance of
in salmonid
a historical overview of antibiotic feeding
methods used to prevent
control
the use of salt and surfactant
bath treatments with erythromycin phosphate
the use of
the use of
as an egg water hardening
of adult
and suggestions for future studies.

Introduction

Kidney Disease

is a systemic bacterial disease that is

as a serious threat to both free-living and confined populations
of salmonids

1982).

of

several regions of the world
States

have been reported in
(Smith

the

and Merrill 1935), Iceland (Evelyn 1977), France
Italy

Canada
1977),

al. 1977), Spain (Millan 1977),

al.

1980),
1977), and

(Halici et al.
1978).

The etiological agent, Renibacterium salmoninarum, is a small (0.3-1.5 u
by 0.1-1.0 u),

nonsporulating, nonmotile, unencapsulated

rod, that appears in pairs or short chains (Fryer and Sanders 1981).

This

organism causes a subacute to chronic infection that is typified by the
presence of either a diffuse or nodular granulomatous (histiocytic)
inflamation of the

liver, and spleen, focal cystic cavitations of

the body musculature, pinpoint ulcerations in dermal and epidermal tissues,
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fibrinous peritonitis, bilateral exophthalmia, ascites, and a pale
gastrointestinal tract devoid of ingesta (Wolke 1972; Klontz 1982).
Although little documented evidence exists concerning the economic
impact of BKD on trout and salmon fisheries, it could be speculated that
the activation of clinical disease in covert carriers adversely effect
presmolt survival in both Atlantic and Pacific salmon.

In addition, due to

its chronic nature, BKD is usually responsible for epizootics well into the
first year of rearing, resulting in a substancial loss of capital
investment for the commercial salmonid farmer (Roberts 1978).
Epizootics of BKD have historically been unresponsive to
chemotherapeutic treatment.
ability of

The difficulty is speculated to be due to the

salmoninarum to reside intracellularly prior to and during

clinical episodes of the disease thus being inaccessible to the activity of
the majority of extant antibacterials (Banowetz 1974, Oregon State
University, Corvallis, Oregon, M.S. Thesis;
According to

and

1978).

and Sanders (1978, bacterial kidnney disease of

salmonids, Oregon Department of Fish and Wildlife,
unpublished manuscript), initial attempts during the
clinical BKD by feeding a diet containing

to treat

cod liver oil, iodine, clam

meal, and other vitamin additives, proved ineffective.
the

Oregon,

It was not until

that a serious chemotherapeutic research effort to control BKD

was initiated using sulfonamides
co-workers

al.

Rucker and

determined that sulfadiazine fed at a rate of 12g per

biomass daily for 7 days followed by 21 days at

per

biomass reduced the mortality during the administration period and for a
short time thereafter.

A few weeks following discontinuance of treatment,
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the crystaline base exist; A,B, and C.

Erythromycin-A (Fig. III.l) is

distinquished by its large lactone ring, functional ketone group, and amino
acid sugar (cladinose) that is attached by a glycosidic linkage.

The B

form has one less hydroxyl group attached to the lactone ring, which
renders it more resistent to acid inactivation. The C form has mycrarose as
its amino acid sugar.

Because these base forms are very sensitive to acid,

it is generally recommended that sterates or estolates of erythromycin be
given orally.
Erythromycin has been shown to be both bacteriostatic and bactericidal
depending on the dosage and target microorganism.

Its mode of action is to

block protein synthesis with little or no effect on nucleic acids.
Specifically, it binds to the ribosome and blocks reactions in which amino
acids are transfered from amino acyl soluble ribonucleic acid (RNA) to
protein.

It is also believed to inhibit adaptive formation of

beta-galactosidase, a key enzyme in gene expression.

Drug resistance

occurs in a relatively slow stepwise pattern and side effects are minor
except with the estolate form.
Erythromycin is highly effective against Gram-positive microorganisms
and at low concentrations it inhibits a variety of microbes; pneumococci,
streptococci, staphylococci, Corynebacterium

and Clostridium

It

also demonstrates activity against many Gram-negative bacteria such as
Bordetella
few.

to name a

Recent work completed by Bullock (1982b) indicated that an in vitro

minimum inhibitory concentration (MIC) of 0.18mg/liter over a 7 day period
was effective in controling the growth of R. salmoninarum.

In addition to

R. salmoninarum, Roberts (1980, Department of Fish and Wildlife Resources,
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Figure III.l.

Chemical structure of erythromycin-A, crystaline base.
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University of Idaho,

Idaho,

Thesis) demonstrated that

erythromycin was highly effective against over 25 isolates of Aeromonas
salmonicida, suggesting that this drug may be a prime candidate for
clearance as a registered antibiotic for bacterial diseases of food fish.
In the United States one of the

obstacles in obtaining clearance,

from the Food and Drug Administration (FDA) to use an antibacterials such
as E-P04 on fish destined for human consumption, is securing the
endorsement of the manufacturer to sponsor a New Animal Drug Application
(NADA).

In the case of E-P04, manufacturers have repeatedly declined

sponsoring the NADA because of the high cost:benifit ratio.
Representatives have stated that there is insufficient market potential to
warrant spending the thousands of dollars required for use approval.
Recently, however, CEVA Laboratories (Overland Park, Kansas) has agreed to
work with the Fish Control Laboratory, Lacrosse, Wisconsin, in initiating
the NADA to the FDA for use of erythromycin in pre-spawning adult Pacific
salmon and in just-fertilized eggs.

Chemotherapy

Chemotherapy, the treatment of disease by means of chemical substances
or drugs, is widely used on populations of intensely reared fish.
Currently, only two antibacterials are registered by the FDA for use with
salmonids, sulfamerazine and oxytetracycline.

The use of other drugs, such

as erythromycin and Ro5-0037, is restricted (in the US) to persons holding
a valid FDA Investigational New Animal Drug (INAD) permit.

Regulations not

withstanding, the historical success of erythromycin compounds in
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controling BKD has, for more than 20 years, prompted continued research
with this agent.
chemotherapy for

We presently

two forms of erythromycin

feeding (Wolf and Dunbar 1959) and bath treatments

1982, Department of Fish and Wildlife Resources,

of

Idaho, Moscow, Idaho, M.S. Thesis).
Feeding of erythromycin thiocyanate as

is still practiced

on a limited basis at many private and state salmonid hatcheries in the
As noted above, the recommended dosage rate is
biomass daily for 21 days.
suggested that

per

To be in compliance with FDA regulations, it is
in the diet at 15g per

be substituted.

Feeding of erythromycin is generally restricted to presmolting salmon and
trout populations that have a history of clinical
applied either during an

on rising or falling water temperatures

(fall and spring) in anticipation of an
suspect fish to saltwater.

The treatment is

or prior to release of

Application of the later technique, at the Cole

Rivers Hatchery in Oregon, has increased both SCS returns to the facility
and survival of smolts following saltwater transfer (Evenson 1982).
Historically, direct bath treatments have been relatively unsuccessful
in producing therapeutic blood levels of antibacterial drugs (Nusbaum 1979,
Department of Medical Microbiology, College of Veterinary Medicine,
of

Athens,

Strasdine and

M.S. Thesis
et al. 1976).

Recently, however,

Roberts (1980) effectively adopted the hyperosmotic infiltration (HI)
delivery system, described by Amend and Fender (1976), to reduce the
prevalence of A. salmonicida in

Pacific salmon.

Although, he

managed to produce therapeutic serum levels of erythromycin (22.19

with just 3 minutes exposure to E-P04 (as
Improved) in a

Poultry Formula

NaCl bath (Table III.l), the method proved impractical

for large populations of fish.

Subsequent research at the University of

Idaho using surfactants instead of salt in combination with erythromycin
has resulted in more favorable results.

Swartz

demonstrated in both

laboratory and field trials that surfactants, such as Aerosol-OT and
polyoxyethylene sorbitan (Tweens), in combination with erthromycin
phosphate can also produce therapeutic levels of erythromycin in serum
(Table III.l).

Further research is needed, however, to more thoroughly

define the effects of water temperature, hardness, and
of surfactants with chemotherapeutants.

on the activity

Certainly, these favorable

preliminary results suggest that surfactant bath treatments can be
effectively employed to combat many types of systemic bacterial diseases
including

Prophylaxis

Chemical prophylaxis, the administration of drugs to members of a
community to reduce the number of carriers of a disease, is an often used
method for decreasing the occurrences of epizootics in intensely reared
populations of fish.

Although salmonid culturist have for nearly three

decades used antibiotic injections to control a variety of bacterial
epizootics in adult fish (Schaperclaus

this form of chemical

prophylaxis has only recently been fully exploited as a tool to combat
Decew

initially reported on the potential for subcutaneous

injections of antibiotics such as penicillin

procaine,
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Table III.1. Salmonid serum erythromycin levels following comparative
bath treatments with erythromycin phosphate (E-P04)•

Species

Treatment

scsa

ST
ST

a
b
c
d
e
f

E-PO f
4

E-P04
(mg/liter)

Exposure
(minutes)

Serum level
(ug/ml)

2500

3

22.19

1000

15

12.50

1000

15

20.10

1000

15

1.10

Spring chinook salmon
Steelhead trout
One step hyperosmotic infiltration with E-P04 as Gallimycin Poultry
Formula Improved (contains Tween-20) in 5.5% NaCl (Roberts 1980).
E-P04 as Gallimycin Poultry Formula Concentrate alone, contains
Tween-20 (Swartz 1982).
0.01% Aerosol-OT surfactant bath and E-P04 (Swartz 1982).
E-P04 alone (Swartz 1982).
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dihydrostreptomycin sulfate, and oxytetracycline-HCL, to control both BKD
and furunculosis in prespawning adult spring chinook salmon (SCS).
Subsequent work completed at the Rapid River Chinook Hatchery in Idaho by
Amos (1977) suggested that multiple injections of E-P04 at Smg per 0.4Skg
of body weight were also effective in controling BKD.

Klontz (1978)

summarized results from these experiments demonstrating that the incidence
of clinical lesions in both prespawning mortalities (Table III.2) and
spawners (Table III.3) could be significantly reduced.

Adoption of this

technique by the Washington Department of Fisheries during the mid-1970's
resulted in a dramatic drop in prespawning mortalities at SCS facilities;
i.e., from SO% to 10-12%.

Similarly, the Oregon Department of Fish and

Wildlife conducted experiments with injections of E-P04, spectinomycin, and
oxytetracycline in adult SCS

al. 1979), that have since lead to

the adoption of an erythromycin injection program.
The technique currently in use at many private, state, and federal
facilities (in the U.S., Canada, Japan, and Europe) consists of a
subcutaneous administration of 11mg E-P04 (as Gallimycin-200, Abbott) per
kg body weight.

The injections are given to salmon on or near the day they

enter trapping facilities and at 21-30 day intervals thereafter, if the
prespawning holding period is extended.

It is recommended that no

injections be given during the period 30 days prior to spawning, primarily
to avoid unnecessary handling of sexually mature fish thus reducing the
potential for injury.

In addition to Pacific salmon, the technique has

been applied successfully to adult cutthroat trout (Peterson 1980, this
work completed at the Yellowstone River Trout Hatchery, Big Timber,
Montana), brown trout, and brook trout (T. Amundson, 1982, personal
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nce of BKD lesions in pre-spawning mortalities for
erythromycin phosphate
and control groups, Rapid River Salmon
Hatche rry
(Klontz
Pre-spawning mortalities
Number

Percentage

Percentage
with lesions

sra
urb

Ratio

1

8

3,939
1

1

nrc

3.9
100

1

100.0
10.8

0

ND

ND

39.1
DI

ND

0

a Single
b
c Double
ND No data

control

ND

ND
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phate
(Klontz

of BKD lesions in spawners for erythromycin phosand control groups, Rapid River Salmon Hatchery

Number

Number
spawners

Percentage
with lesions

100

Ratio

1

3.

3,039
1

989

9.3
1

1

11.3

100
ND

0

ND

ND
ND

9.3
0

Single
b
c Double
ND No data
a

control

0

ND

ND
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communication, Michigan Department of Natural Resources, Lansing,
Michigan).
To date there have been no conclusive reports of adverse effects from
parenteral administration of E-P04, however some interesting observations
have been made.
injected fish.

One of the most striking was the "bronzing" of the
This is considered to be an icteric response of the liver,

which in adult Pacific salmon has a diminished physiological capacity and
may not be able to metabolize the drug.

This response occurs in from one

to 4% of injected fish, primarily in the later arrivals to the hatchery,
and is not considered to be a toxic reaction to erythromycin per se,
(Klontz 1982).

Another observation has been the development of sterile

abcesses produced by improper or intramuscular injections of E-P04•

To

circumvent this problem, it is recommended that the the subcutaneous
inject i on be given along the intermuscular septum between the epaxial and
dorsal fin muscles just rostral to the insertion of the dorsal fin.
In addition, the detection of significant levels of E-P04 in the yolk
material of eggs from injected females has also been observed.
(1982a ) reported the presence of 0.6 - 1.8mg/liter (X

=

Bullock

l.lSmg/liter) at

spawning in eggs taken from injected SCS, and 0.0 - O.Smg/liter

(X =

0.23mg !liter) in yolk material from related sac fry (Table III.4). Work
done a t the University of Idaho has supported some of these claims showing
higher predicted levels (p
0.82mgfliter (X

=

< 0.01)

of the drug 0.40 -

0.6lmg/liter) in yolk material from injected females, but

no dif:erence in levels from either injected of noninjected eggs 24 hours
water hardening (Table III.4).

These findings lend support to

the hy?othesis that injections play a major role in reducing vertically

93

Table III.4. Predicted mean levels
of erythromycin phosphate
(E-P04) in yolk material from E-P04 injected and noninjected spring chinook salmon prior to, during, and following water hardening in 2mg/l
active ingrediant E-P04 as Gallimycin Poultry Formula Improved (PFI),
Abbott.
Time (hours into water-hardening)
Source
I-Female

Treatment
PFI

control

Hater

NI-Female

PFI

PFI

control

Water

a
b

PFI

o.o

1.0

0.61a

0.84

1.15b

1.05

0.61

0.15

1.15

0.64

1.81

2.00

1.80

1.58

0.19

1.06

0.00

0.86

0.19

0.05

0.00

0.00

2.22

1.81

1.80

1.58

2.0

24.0

Sac fry

0.10
0.23
0.12
0.23

0.23

0.00

University of Idaho, Moscow, Idaho U.S.A.
National Fish Health Research Laboratory, Leetown, W.VA., U.S.A.
(Bullock 1981, National Fish Health Research Laboratory, Leetown,
West Virginia, unpublished data summary sheet).
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transmitted R. salmoninarum.

Experiments to substantiate these claims are

currently under way at the Pacific Biological Laboratory (PBL) in Naniamo,
British Columbia, Canada (T.P.T. Evelyn 1982, PBL, personal communication).
In addition to the use of prophylactic prespawning injections,
water-hardening newly fertilized SCS eggs for one hour in 2mg/liter E-P04
has also been tried to control the vertical transmission of R.
salmoninarum.

Amos (1977) first reported on the success of this technique

in the mid-1970's.

Subsequent attempts, however, in the late 1970's by

state and federal agencies to integrate water-hardening as a prophylactic
contr ol measure for BKD produced mixed results.

Consequently, in 1980 a

coordinated effort to examine the efficacy of E-P04 water hardening was
begun.
Re search conducted in the past 2 years at SCS hatcheries in Washington,
Oregon, Idaho, British Columbia (Canada), and at the University of Idaho
and t he National Fish Health Research Laboratory in Leetown, West Virginia,
have demonstrated the following: (1), water hardening in 2mg/liter E-P04 as
Gallirrycin Poultry Formula Improved (PFI) has no deleterious effects on
fertilization or activation of SCS eggs (Jensen et al. 1981) but levels in
exces s of 100mg/liter have been shown to be toxic (Amos 1982); (2), E-P04
as PFI is readily absorbed into fertilized SCS eggs at levels therapeutic
(Table III.4) to BKD (

> O.l8mg/liter)

during a 60 minute water hardening

period (Bullock 1982a; Klontz and Groman 1982); (3), therapeutic levels are
present for only 2 to 24 hours following water hardening (Table III.4); and
(4), re lated presmolt populations of SCS, however, have shown no
significant difference (P

>

.05) in carrier incidence of R. salmoninarum

that can be accounted for by the E-P04 treatment alone (Fig. III.2).
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Figure 111.2.

Geometric mean carrier prevalences of Renibacterium

salmoninarum as direct fluorescent antibody technique rating levels by time
in weeks post spawning, for erythromycin phosphate water-hardened and
control lots of presmolts at the Cowlitz State Salmon Hatchery, Salkum,
Washington (1980 - 1982).

Where, H=LSD interval for comparing means

horizontally of within a treatment and V=LSD for comparing means vertically
of between treatments.
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no reports of
surfaced, the

resistance to
use of this

by this

have

as a prophylactic

may

future research on this
From the above summary it is evident that

in

alone is not sufficient to contol vertically transmitted R.
salmoninarum.
the

the ability of this

to reside both

and intracellularly in presmolts

antibacterial therapy than

it less susceptible to
anticipated by Amos (1977).

reported by

(1980) and

in cutthroat trout and

(1982) for

populations respectively,

combination of chemotherapeutic
(possibly at

BKD
that a

and prophylatic

concentrations), in addition to prophylatic

and/or bath treatments are necessary to control vertical
transmission.

Future Research

Research efforts, in the past 10 years, to control BKD
have produced favorable results.
Laborat ories in

h erythromyci n

Recent sponsorship, by

the

Fish and Wildlife

to initiate FDA approval for the use of
fertil i zed

and on

direct i on.

before further effort is expended to certify this

t , possibly in a
evalu at

adults is a step in the

battle, the

(1), from both and

food f l sh industry in the

u.s.

points should be
and economic standpoint, can the
the need for a third antibacterial
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drug; and (2), is E-P04 the best candidate or should other agents be
considered that may have a broader spectrum of action.

It is our

contention that erythromycin, with its relatively low R-factor induction
and effectiveness against furunculosis, is a good choice for a third agent
to compliment sulfamerazine and oxytetracyline.

Consequently, we suggest

that the following research tacts be explored to help expand our
understanding of this agents affect on BKD:
1) Futher investigation into efficacious delivery systems, either by
feeding or through surfactant bath treatments;
2) Attempts to better define the vehicle for horizontal transmission of R.
salmoninarum in presmolting populations of salmonids;
3) Attempts to control anticipated BKD episodes in presmolting populations,
either through prophylatic feeding or bath regimens;
4) A thorough evaluation of

salmoninarum carrier survival in salmonids

following seawater entry;
5) The possibility of replacing E-P04 with iodophors as a water hardening
agent to control vertically transmitted bacterial, as well as viral, and
fungal diseases;
6) The efficacy of adopting an integrated chemotherapeutic and prophylatic
program to control BKD that includes, multiple prespawning injections
with E-P04, iodophor water hardening, as well as prophylatic feeding
and/or bath treatments of suspect presmolting populations;
7) Investigations into the drug resistance of R. salmoninarum to E-P04;
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CHAPTER IV

The Use of Erythromycin Phosphate in Water-hardening Solutions to
Control Vertical Transmission of Renibacterium salmoninarum in
Chinook Salmon (Oncorhynchus tshawytscha)5

5 This paper submitted to and received by Aquaculture, June 15, 1983.
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Abstract

This study examined the efficacy of water-hardening solutions containing
2.0
erthromycin phosphate
to control the vertical
transmission
salmoninarum in spring chinook salmon
tshawytscha).
We found this dosage to be approximately 20 times the in vitro minimum
inhibitory concentration
0.11 to
for this pathogen.
Fertilized eggs absorbed between
and 0.91
from
solutions
during one hour of water-hardening. Stability examinations revealed
virtually no absorbed drug activity remaining in eggs by
h
post-fertilization. Our studies also suggest that prespawning
of female chinook with
imparted a therapeutic concentration of the
antibiotic to unfertilized ova, but the
probably remained active in
the adult for less than one month. In addition, mechanical washing
appeared to be as effective, in interrupting vertical transmission of R.
salmoninarum on the surface of fertilized eggs, as washing and
water-hardening in 2
Finally, we found no significant
difference in the carrier incidence of this organism between treated and
control groups of presmolts. Discussion and conclusions pertaining to
these observations are presented.

Introduction

Since

bacterial kidney disease (BKD) has been implicated as a

serious systemic disease of

chinook, coho, and sockeye Pacific

salmon throughout the northwestern United States (Klontz, 1982).

Its

etiologic agent, Renibacterium salmoninarum, a small, Gram-positive,
nonsporula

ng, nonmotile, unencapsulated rod, produces a subacute to

chronic

that compromises renal and osmoregulatory functions

causing

mortality in both prespawning adult and presmolt

populations

et al.,

chinook
are

Wolke, 1972; Klontz, 1982).

For spring

two epidemiologically distinct forms of this disease
the first affects presmolts, generally causing greatest

loses duri ng the second winter of freshwater rearing with decreased
survival o

infected fish expected following sea water entry (Sanders,
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al.,

the second and more chronic form affects

prespawning adults, causing mortalities as high as
holding p eriod

during the summer

1978).

Transmission of this pathogen is believed to occur both
(Mitchum and Sherman, 1981) as well as vertically (Allison,
al., 1978).

Consequently, effective control of

Bullock

requires integration

of chemotherapeutic and prophylactic measures that include both prespawning
adults and their progeny (Peterson,
1983).

During the early

initiated for

Evenson,

and

chemotherapeutic treatment of

salmon populations.

had partial success in controling clinical

was

and

(1951)

by feeding

later Wolf and Dunbar (1959) identified erythromycin
thiocyanate as the drug of choice.
antibiotic
late

Although Schaperclaus (1956) used

to control dropsy in adult carp, it was not until the
that Decew (1972) reported on the use of subcutaneous
to reduce prespawning adult SCS mortalities due to

furunculosis.

Following

and

success with procaine penicillin

dihydrostreptomycin sulfate, and oxytetracycline, Amos (1977) examined the
use of subcutaneous erythromycin phosphate
controlling severe prespawning mortalities in adult SCS

as a means of
He reported

significant reductions of clinical lesions and mortalities related to
in adult salmon with this technique.

In addition, when combined with

prophylactic experiments involving the water-hardening of freshly spawned
SCS eggs in a 2 ug/ml
disease in related progeny.

solution, he noted a reduction in clinical
Amos suggested that combined therapy offered

an effec t ive means of controlling vertical transmission of R. salmoninarum.
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Two major consequences resulted from the success with combined injection
and water-hardening treatments during the mid-1970's.

First, the Food and

Drug Administration (FDA) issued a New Animal Drug Investigation (NADI)
permit to examine the potential efficacy of E-P04 for the control of BKD in
prespavning adults and newly fertilized salmonid eggs.

Second, both

techniques were received enthusiastically and implemented without proper
supervi sion at SCS facilities throughout Washington and Oregon.
Unfortunately, these initial field trials produced mixed results that
elicited skeptical, if not unfavorable, review of E-P04 therapy by some
regional fish health managers in the Pacific Northwest.
part,

This was due, in

o both a lack of standardization in the water-hardening and
techniques and a misconception of their immediate epidemiological

goal,

to reduce, not necessarily to eradicate the vertically
prevalence of R. salmoninarum in presmolt populations.

By

it became evident that the clearance of E-P04 by the FDA hinged

on estt b1 ishing unequivocal data to support the role of injections and
water-ha r dening in the reduction of vertically transmitted

salmoninarum.

Conseq t ently, in August, 1980, a coordinated effort was initiated by
researchers at the University of Idaho, Idaho Department of Fish and Game,
Department of Fisheries, and the National Fish Health Research
Laboratory, Leetown, West Virginia, to examine more thoroughly the efficacy
of botl techniques as a means of controlling vertical transmission.

In

partictla r, the validity of the following hypotheses were examined at the
Univer !ity of Idaho:
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H-1 Water-hardening solutions of 2 ug/ml E-P04 are higher than the in vitro
minimum inhibitory concentration of this drug and can be considered
effective against

salmoninarum

H-2 Fertilized SCS eggs will absorb an in vitro therapeutic dosage of E-P04
during one hour of water-hardening;
H-3 Absorbed E-P04 is active in the water-hardened egg long enough to
effectively control the growth of R. salmoninarum
H-4 The process of water-hardening fertilized eggs obtained from R.
salmoninarum infected female SCS in E-P04 is an effective means of
reducing the carrier incidence of this pathogen in related presmolts.
This report presents the studies undertaken to examine these hypotheses.

Materials and Methods

Determination of a minimum inhibitory concentration
The agar dilution technique described by Barry (1976) was used to
determine the MIC of E-P04, (Lot number 57-827-CD, 81% active ingredient,
Abbott), on three isolates of Renibacterium salmoninarum: I-3784 obtained
from sock eye salmon (Oncorhynchus nerka) held at the Pacific Biological
Station, Naniamo, British Columbia, Canada; I-677 obtained from an
unidentified Pacific salmon out of the Hood River, in Oregon, U.S.A.; and
I-6.4 obtained from sockeye salmon held at the University of Idaho wet
laboratory, Moscow, Idaho, U.S.A.

Test isolates, maintained at 4 C on

BKD-2 medium (Evelyn, 1977), were initially screened in triplicate at 4.00,
1.00, 0.50, 0.25, and 0.10 ug/ml E-P04 on 20ml BKD-2 agar plates, pH
6.5.

Following cooling and overnight drying at 4 C, each plate was
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inoculated with actively growing bacteria diluted to a 0.5 McFarland
Standard turbidity reading in 1.0% peptone saline (0.85% NaCl).

Plates

were subsequently incubated at 15 C in sealed moist chambers for a minimum
of 21 days.

Bacterial growth was monitored daily after the first week and

suspect colonies were screened, with the direct fluorescent antibody
technique (DFAT)6, for the presence
1980).

salmoninarum (Bullock et al.,

This procedure was repeated with

dilutions of 0.25, 0.20,

0.15, and 0.10

Water hardening in
The efficacy of water-hardening newly fertilized,
infected SCS eggs in

salmoninarum

was investigated at four SCS rearing sites,

(Facility-1, Rapid River Salmon Hatchery in Riggins, Idaho; Facility-2, the
University of Idaho Wet Laboratory in Moscow, Idaho; Facility-3, the
Klickitat Sa lmon Hatchery in Glenwood, Washington; and Facility-4, the
Cowlitz Salmon Hatchery in Salkum, Washington), by examining:
the absorption of the antibiotic by fertilized eggs

the

success of tiis procedure in preventing vertical transmission of viable R.

2,

salmoninarum organisms; and

the prevalence of this disease in

related presnolts.
The
Facility-1

l ty of the eggs used for these experiments were obtained at
01

August 14, 1980 from three females; two 4-year-olds (4I-1,

4I-2) that h1d received

of

body weight with

6 Fluorescei1 labled goat
salmoninarum serum was provided by the
Biologics )ection of the National Fish Health Research Laboratory,
Kearneysville, West
U.S.A.
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Gallimycin-200, Abbott) upon trapping, and one noninjected
These fish were selected by screening ovarian fluid for the
presence of

salmoninarum, with the DFAT.

For

3 eggs were

also obtained from three additional females; on August
at Facility-3 and on September
females

at

1980, a
1980 two

These later fish were selected by

examining spawned carcasses for clinical lesions caused by R. salmoninarum.
In all experiments, females (replicate trials7) were fertilized, and their
eggs

divided into treated and control lots.

Treated lots initially

received several rinses and were then water-hardened for at least 1 h, in 2
to 3 times their volume of pond water containing 2
lots were rinsed and
antibiotic.

active ingredient

water-hardened without the

handling of embryos was in compliance with

established hatchery practices
1: Replicate trials

al., 1982).
were conducted at

Facility-1 in Idaho to compare the uptake of two commercial
preparations as water-hardening agents: Gallimycin Poultry Formula Improved
(PFI), Abbot:,

active ingredient and Maracyn, Mardel Laboratories,

act i ve ingredient.

lots were water-hardened (as above)

in precleaned 10-liter plastic containers filled with either PFI, Maracyn,
or water (coutrols).
was sampled at

From each container, 10 ul of the treatment solution
and 1.00 h, and 20 fertilized eggs at 0.00,

h into water-hardening.

1.00

In addition, eggs were sampled from incubation

7 A replicatt trial constitutes a fertilized egg mass, obtained from one R.
salmoninartm infected female
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trays 24 h

Samples were placed into sterile plastic

bags and immediately frozen to 0 C and then stored at -20 C until analyses
of their E-P04 content was
The micromethod described by Bell and co-workers (1969) for assaying
serum level of erythromycin was adapted to quantify the absorption of E-P04
by fertilized eggs during

This assay measures the

erythromycin activity of a fluid as a function of its ability to inhibit
the growth of Sarcina lutea ATCC

Briefly, fluid samples were

absorbed by capillary action into 0.25 in blank paper discs that were
placed onto agar plates (Antibiotic Medium 1, Difco) containing the test
organism.

After 24 h of incubation at 28 C, the diameter of the growth

inhibition zone around each disc was measured in millimeters.
Two regression models were used to correlate zone diameter with actual
E-P04 concentration, one for the water and the other for the egg samples.
These models were derived, from standard curves of E-P04 (81% active
ingredient) in distilled water and homogenized SCS eggs respectively, by
applying stepwise regression analysis.

For both media, the mean E-P04

Concentration and Log 10 Concentration

Y were regressed independently on

the Diameter, (Diameter)2, and (Diameter)
inhibition.

X of the zone of growth

Diameter means for standard curves were obtained by analyzing

10 disc subsamples from distilled water, pH 6.5-7.0, containing 0.025,
0.05, 0.10, 0.50, 1.0, 2.0, and 4.0 ug/ml E-P04, and 20 disc subsamples
from homogenized eggs, pH 5.8-6.0, containing 0.05, 0.10, 0.25, 0.50, 1.0,
2.0, 4.0, 10.0, 20.0 ug/ml E-P04•

Similarly, predicted mean values of

E-P04 from treatment solutions and water-hardened eggs were correlated from
10 and 20 disc subsamples respectively, except where noted (see Fig. IV.3).
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Fluid was obtained from eggs by pricking open the chorionic membrane with a
sterile scalpel and absorbing the extruded contents into a sample disc; one
disc was examined for each fertilized egg subsample.

Initial samples (time

0.0 h) included only yolk, while those examined during water-hardening
contained both yolk and newly formed perivitelline fluids.
obtained from the application of the correlation models were
to the following statistical analyses:
a) determine differences in the concentration of the treatment solutions, a
repeated measure nested factorial analysis of variance (AOV) to compare
mean predicted E-P04 Concentration (log 10, dependent variable) with
Treatment (PFI, Maracyn, control), Time (0.25 and 1.0 h), and the
Treatment by Time interaction.

Error-A consisted of the Replicate

within Treatment interaction term;
b) assess the uptake of E-P04 by fertilized eggs, a completely random
repeated measure AOV to compare mean predicted E-P04 Concentration
(antilogs, dependent variable) with Replicate, Treatment (PFI, Maracyn,
control), Time (0.0, 0.5, 1.0 h), and the Treatment by Time interaction.
Error-A consisted of the Replicate by Treatment and Error-B the
Replicate by Time interaction terms respectively;
c) assess the activity of E-P04 24 h after water-hardening, a completely
random unbalanced factorial AOV to compare the predicted E-P04
Concentration (log 10, dependent variable), with Replicate, Treatment
(PFI, Maracyn, control), and the Replicate by Treatment interaction.
Fisher's least significant difference procedure (LSD) was used to compare
Replicate, Treatment, Time, and Treatment by Time means.

Mean square

estimates for repeated measure AOV (Little and Hills, 1978), were

111
calculated to compare difference for the same Treatment at different Times
(horizontally=H) and between different Treatments at both the same or
different Times (vertically=V).
determined at the
Experiment

Significance for all statistical tests was

confidence level

In vitro culture

developed by Evelyn

were

used to assess the efficacy of 2 ug/ml active ingredient E-P04 (as PFI and
Maracyn) to prevent vertical transmission of viable
on the surface and/or within fertilized SCS eggs.
collected from each replicate (41-1, 41-2,
first, collected

salmoninarum cells
Two subsamples were

in Experiment 1).

The

after fertilization and prior to water-hardening,

included 120 unwashed eggs (with associated sperm).

The second collection,

made 1 h into water-hardening, included 40 eggs from each of the treatment
lots (120 eggs total).

Samples were immediately refrigerated at 4 C and

processed for culture on the same day.
Surface transmission of

salmoninarum on unwashed eggs was examined by

incubating 12 subsamples (five eggs each) in culture tubes containing 10 ml
of

broth for 21 days (Evelyn,

with the DFAT.

and monitoring microbial growth

Similarly, internal transmission was examined by

aspirating, with sterile 1 ml tuberculin syringes, the contents of 12
subsamples (five eggs each).

Aspirated yolk material received. four,

10-fold serial dilutions in sterile 0.1% peptone saline (0.85%
Dilutions were mechanically homogenized, and dispensed in triplicate 10 ml
onto

culture plates that were incubated in sealed moist

containers at 15/C for 21 days.
screening suspect colonies for

Again, microbial growth was monitored by
salmoninarum with the DFAT.

Transmission

was assessed in the

h water-hardened samples by examining four subsamples

from each treatment lot with the above procedures.
Experiment

Replicate trials were conducted at each of the four SCS

facilities noted above (Table IV.l), to examine the success of
water-hardening in erythromycin to control
populations.

in related presmolt

The initial population size for each treatment group in
and 3 was approximately

fertilized eggs and in

Replicates-4 and 5 approximately it ranged from

to

eggs.

Efficacy was assessed by comparing carrier prevalence and severity of R.
salmoninarum infections among replicate treatments throughout the course of
the experiment with the DFAT.

Sampling began after hatching and continued

at bi-weekly or monthly intervals up to
and 3 and up to

weeks post-spawning (WPS) in

WPS in Replicates 4 and 5.

Sampling

frequency varied between replicates, while sample pool size varied with
presmolt age: two fish per pool from 7 to
to

five fish per pool from

WPS on.

three fish per pool from
Samples were stored at

until fluorescent antibody screening was completed.
Two-fish pools were prepared for examination by removing the head and
tail regions of each fish and hand-homogenizing the remaining tissue in
ml of sterile distilled water.

For early 3-fish samples internal

organs were pooled and similarly homogenized, while later 3-fish and all
5-fish samples included separate homogenization of pooled head-kidney,
trunk-kidney, liver, spleen, heart, and lower intestine tissue.

A

subsample of each homogenate was dispensed evenly onto precleaned glass
microscope slides, heat fixed at
the DFAT under oil immersion.

C, cooled to 4 C, and then screened by

Samples were asssigned a severity rating
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Experimental design for Experiment 3.

Facility

Replicate
trial

Female

Treatment

1

4I-2

PFia

source

CaC03
hardness

1000
1000
1000

river

76mg/liter

well

control

1000
1000
1000

control

Two

2

Population
size

PFI

Three

3

PFI
control

1000
1000

spring

Four

4

PFI
control

3200

river

5

PFI
control

4600
5100

river

a PFI
b

=

3lmg/liter

erythromycin phosphate as Poulty Formula Improved, Abbott.
= erythromycin phosphate,
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from 0 to 5 depending on the level of fluorescing organisms observed in 40
microscopic fields: 0 if none per field, 1 for less than one per field, 2
for approximately one per field, 3 for 2 to 10 per field, 4 for 10 to 100
per field, and 5 for greater than 100 per field.

Consequently, mean DFAT

ratings used for statistical analysis were considered geometric rather than
arithmetic.
Data from replicate treatments were summarized for analysis in the
following manner: each sample was treated as a single observation
regardless of pool size; sampling time beginning at 7 WPS was divided into
11 successive periods:
Period-01, 07-13WPS

Period-02, 14-20WPS

Period-03, 21-27WPS

Period-04, 28-34WPS

Period-05, 35-41WPS

Period-06, 42-48WPS

Period-07, 49-57WPS

Period-08, 58-65WPS

Period-09, 66-73WPS

Period-10, 74-81WPS

Period-11, 82-89WPS

The DFAT severity rating of each observation was based on the maximum
observed value for that sample.

Results obtained were subjected to the

following statistical analyses:
a) assess the efficacy of PFI in all replicates through Period-7, a
weighted repeated measure AOV for all replicates to compare mean DFAT
Rating (dependent variable), with Replicate, Treatment (PFI, control),
Period (WPS), and the Treatment by Period interaction.

Error-A

consisted of the Replicate by Treatment, and Error-B the Replicate by
Period interaction terms, respectively;
b) assess the efficacy of PFI though Period-11, the same AOV for
Replicates-4 and 5;
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c) compare PFI with Maracyn, the same

for Replicates-! and 2 though

Period-7.
indicated, rating means were weighted by sampling frequency

Fig.

comparisons and significance levels were determined as
described for Experiment 1.
In addition to monitoring the level of organisms in live fish, the
percent mortality and water temperature

were recorded by hatchery

personnel on a monthly basis beginning with swim-up fry
Replicates-4 and 5 at Facility-4.

1980) for

were collected daily, frozen

at 0 C, and subsequently examined by the DFAT for R. salmoninarum.
Relationships for percent monthly mortality, with treatment groups and the
mid-range monthly temperature, were calculated using the Kendall Tau
procedure (Sal! and Delong 1982).

Correlation coefficients (t) with

probability values (P) less than 0.05 were considered significant.

Results

Determination of a minimum inhibitory concentration
Plates containing 0.10 ug/ml but not those with 0.15 ug/ml E-P04,
supported bacterial growth,

salmoninarum indicating the

antibiotic was between these concentrations

of this
Consequently,

the selection of 2 ug/ml E-P04 was believed sufficient for the
water-hardening solutions used in Experiment 1.
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TABLE IV.2
Results of the agar plate dilution technique to determine the m1n1mum
inhibitory concentration of erythromycin phosphate for Renibacterium
salmoninarum.

a
b

Isolate

Trial

6.4

1
2

3784
677

4.00

2.00

_a

Erythromycin phosphate (ug/ml)
1.00 0.50 0.25 0.20 0.15 0.10

o.oo

+b
+

+
+

1
2

+
+

+
+

1
2

+
+

+
+

No growth after 21 days
Growth confirmed by DFAT
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Water hardening in

l=

Growth of the test organism

lutea, used in the micromethod

(Bell et al., 1969), was not inhibited by concentrations of 0.05 ug/ml in
either of the

standards.

predicted activities of

Consequently, our correlation models
between 0.03 and 0.06 ug/ml for corrected

zone diameters below the assay disc diameter of 6mm, even when no activity
was present.

No adjustment was made for this variability prior to

statistical analysis.

However, since the 95% confidence interval for the

0.05 ug/ml E-P04 standards of both water and eggs ranged from 0.02 to 0.10
ug/ml, we considered all predicted mean activities equal to or less than
0.10 ug/ml (log 10=-1.0) equivalent to zero.

Examples of this included

activities predicted for control treatment solutions (log X=-1.46 or
approximately 0.03 ug/ml) in Replicates-! and 3 at 0.25 and 1.0 h (Fig.
IV.l), control egg lots (log X=-1.27 or approximately 0.05 ug/ml) in
Replicates-2 and 3 at 1.0 h, and all Treatment egg lots in Replicate-2 at
24 h post-water-hardening.
Model-A was used to predict E-P04 activity in water-hardening treatment
solutions (Fig. IV.l) as it gave the best correlation between drug
concentration and the diameters of the growth inhibition zones for the
distj_lled water standard curve, pH 6.4-7.2.

MODEL-A
Log 10 Concentration

(0.07389093 x Diameter) - 1.46667231
(R-Square = 0.95)
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Figure IV.1.

Treatment by time concentration means with 95% confidence

limits of erythromycin phosphate (E-P04) for water-hardening solutions used
for each replicate trial in Experiment 1.
Rep1icate-2, 1C
value, right

=

= Replicate-3.

Figure 1A

Y-axis, left

=

= Replicate-1,

ug/ml E-P04 predicted log

ug/ml E-P04 antilog of predicted value.

hours into water-hardening.

1B

X-axis

=

time,
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ILZl-P F I D-Maracyn f:::}::J-Control

A

B

c

0.6

3.98

0.0

1.00

-0.6

0.25

-1 . 2

0.06

0.6

3.98

0.0

1.00 '

-0.6

0.25

-1.2

0.06

0.6

3.98

0.0

1.00

-0.6

0.25

-1.2

0.06

Log(pg/ml)

0.25

1.00

HOURS

pg/ml

120
The pH values in the PFI treatment solutions ranged between 6.6 and 6.8, in
the Maracyn solutions between 6.6 and 7.2, and in the control solutions
between 6.4 and 6.7.

Analysis of variance indicated mean E-P04

concentrations differed (F=34.5, P(0.01, DF=2) for the Treatment hypothesis
but not the Time (F=0.44, P=0.53, DF=1) or the Treatment by Time (F=0.56,
P=0.60, DF=2) interaction hypotheses.
Treatment (level log

Paired comparison of the overall

ug/ml) and Treatment by Time (level log LSD,

H=0.10 V=0.50 ug/ml) means confirmed concentrations in the PFI (antilog
ug/ml) and Maracyn (antilog 1.50 ug/ml) solutions were not
significantly different from one another, but were substantially higher
than those in the control (antilog 0.06 ug/ml) solutions (Fig. IV.2).
Model-B was used to predict E-P04 activity in water-hardened eggs, pH
6.0 (Fig. IV.3), as it gave the best correlation for the standard curve in
homogenized SCS eggs, pH 5.8-6.0.

Log 10 Concentration = (0.00244124 x Diameter ) - 1.26676523
(R-Square =

Analysis of variance indicated mean E-P04 concentrations, up to 1.0 h into
water-hardening, differed (F=l1.36,

DF=2) for the

Treatment (F=7.35, P=0.05, DF=2), and Treatment by Time

P=0.05,

DF=2) interaction hypotheses, but not the Time (F=l.81, P=0.28, DF=2)
hypothesis.

Contrasts of

concentration means at spawning

indicated a significantly higher activity
of eggs selected from

P=0.03, DF=l) in yolk

(antilog 0.61 ug/ml) than from
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Figure

by time concentration means for erythromycin

phosphate

for all replicate trials in

1.

antilog of predicted value, right
log10.

of

predicted

time, hours into water-hardening.

water-hardening solutions, 2B

initial level of
H

within a

V
and

*

Figure 2A

fertilized eggs.

in eggs from

from

left

initial level
in eggs

LSD for comparing means horizontally of

LSD for comparing means vertically or between

common value.
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Figure IV.3. Treatment by time concentration means with 95% confidence
limits of erythromycin phosphate (E-P04) for fertilized eggs for each
replicate trial in Experiment 1.
Replicate-2, 3C

=

Replicate-3.

Figure 3A
Y-axis, left

= Replicate-1,
=

less than 20.

Where,

*

=

ug/ml E-P04 antilog of

predicted value, right = ug/ml E-P04 predicted log value.
hours into water-hardening.

3B

X-axis = time,

= number of subsamples in mean if
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(antilog

ug/ml) females (Fig. IV.2).

considered to be

This antibacterial activity was

as opposed to activity absorbed by

perivitelline fluids during water-hardening.
Paired comparisons of the overall Treatment means (level antilog
LSD=0.35 ug/ml) of water-hardened eggs indicated concentrations in yolk and
perivitelline fluids from PFI (antilog 0.77 ug/ml) and Maracyn (antilog
0.71 ug/ml) treatments were not significantly different from one another,
but were higher than the controls (antilog 0.32 ug/ml).

Examination of

means from the same treatments at different times revealed the following
trends in E-P04 activity during
to 0.12 ug/ml in the controls by 1.0

(1), a decrease from 0.47
(2) an increase from 0.47 to

ug/ml for PFI treated eggs at 0.5 h that remained unchanged (antilog
ug/ml) through 1.0

and (3), a significant increase (level antilog LSD,

H=0.56 ug/ml) from 0.47 to 1.03 ug/ml for Maracyn treated eggs at 0.5 h
that apparently decreased to 0.62 ug/ml by 1.0 h (Fig. IV.2).

Additional

paired comparisons of treatment means at the same or different times (level
antilog LSD, V=0.33 ug/ml) indicated significant differences

(1),

controls (antilog 0.38 ug/ml) and Maracyn treatments (antilog 1.03 ug/ml)
at 0.5

and (2), controls (antilog 0.12 ug/ml) and both PFI (antilog

ug/ml) and Maracyn treatments (antilog 0.62 ug/ml) by 1.0 h (Fig. IV.2).
These results clearly demonstrate that the perivitelline fluid of
fertilized eggs can

antibacterial activity from solutions of the

E-P04 during the water hardening process.
Examination of E-P04 concentrations in treated eggs, from
female (Replicates-! and 2) 24 h after water-hardening, revealed a
substantial decrease in mean activities of both absorbed and
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parent-acquired E-P04 over the 0.50 and 1.00 h levels; a change from
to

ug/ml for the PFI treatments, from

Maracyn treatments, and from

to

to

ug/ml for the

ug/ml for the

Analysis of variance indicated these means differed
DF=1) for the Replicate, Treatment
Treatment

DF=2), and Replicate by

DF=2) interaction

Replicate means (level log

Comparison of the

ug/ml,

suggested significant

differences in the amount of measurable E-PO
or

remaining in Replicate-1 (log

ug/ml) as opposed to Replicate-2 (log

or

Although some significant differences in

activity were noted for paired comparisons of the Treatment means (level
log

ug/ml between PFI and control lots,

Maracyn lots, and

ug/ml between PFI and

ug/ml between Maracyn and control lots), the

activity levels were essentially

to

These results suggest

that E-P04 activity absorbed during one h of water-hardening in solutions
of 2 ug/ml E-P04 is lost within 24
:

Ren i bacterium salmoni narum was successfully cultured from

only the surface of unwashed, nonwater hardened, fertilized SCS eggs (Table
Mechanical washing of fertilized eggs appeared to be as effective,
in interrupting surface transmission of viable organisms, as washing and
water-hardening in 2 ug/ml E-P04•

l:

Carrier level (as a geometric mean DFAT severity rating) of

pooled treatment samples was computed for Replicates-1, 2, and
Period-8 and for Replicates-4 and

though Period-11

though
Efficacy

assessment of PFI treatment means though Period-7, Replicates 1 though
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TABLE IV .3
Results of Experiment-2, the culture of Renibacterium salmoninarum
from the surface and interior of fertilized spring chinook salmon
eggs following washing and water-hardening in erythromycin phosphate.
Number of direct fluorecent antibody technique (DFAT) positive subsamples out of total examined.
Washed and water-hardened eggs
Replicate

Area
cultured

Unwashed
eggs

PFI

Maracyn

Control

One

Surfacea
Interior

6/12
0/12

0/4
0/4

0/4
0/4

0/4
0/4

Two

Surface a
Interior

7/12
0/12

0/4
0/4

0/4
0/4

0/4
0/4

Three

Surfacea
Interior

2/12
0/12

0/4
0/4

0/4
0/4

0/4
0/4

Large cross reacting rod noted in sample.
I
I

I
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by

indicated carrier incidence differed for the Replicate
and

by Period interaction

hypotheses, but not the

or Period

hypotheses.

Paired comparisons of Replicate means (level

indicated significantly higher overall carrier levels between
Replicates 3 and

A further contrast of Replicate means by water source

indicated a higher overall carrier incidence
presmolts reared in river water
in spring or well water

level

P(0.01,

for

Replicates-1,

level 0.03, Replicates-2 and 3).

and

than

Although no

significantly different rating pairs could be demonstrated between
by Period means (level LSD,

a closer

revealed an apparent positive correlation between carrier prevalences in
both treated and control lots and sampling period or age of presmolt (Fig.
results suggest that any positive benefits attributable to
water hardening in solutions of
vertically transmitted

such as reductions in the numbers of

salmoninarum organisms, are short lived, and have

little effect on the final carrier prevalence of this organism in related
presmolt populations.
assessment of treatment means though Period-11,
and

indicated carrier incidences differed for the Period
and

by Period

P(0.01,

hypotheses, but not for the Replicate
hypotheses.

interaction
or

Although no significant pairwise

comparisons could be demonstrated between Period means (level
again, it was apparent that presmolts sampled from the later periods (10
and 11) had higher mean carrier levels

level

and

129

Figure

by time carrier levels of Renibacterium

salmoninarum (with

confidence limits) of spring

presmolts from each replicate trial in

salmon

3.

carrier level is

represented as a geometric mean of the direct fluorecsent antibody
severity ratings assigned to each sample during a given
time period.

=

Replicate-2,
=

= Replicate-S,

Figure

=

Replicate-1.

time in periods

subsamples in

*=

=

= Replicate-3,
=

geometric

post-spawning).
no data recorded.

rating level,
o

= number

of
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respectively) than those sampled during the earlier periods (X level 0.02
for Period-1 and 0.00 for Period-2).

Similarly, comparisons of Treatment

by Period means identified significantly higher rating levels (level LSD,
(1), controls at Period-11 (X level 4.08) as opposed to

H=3.99

controls at Periods-1 and 2 (X level 0.00) or PFI treated lots all periods;
and (2), controls at Period-10 (X level 2.96) and PFI treated lots at
Periods-1, 2, 3, 4 and 7 (Fig.
carrier prevalence of

These results also suggest that the

salmoninarum is positively correlated with

presmolt age, as would be expected for a chronic horizontally transmitted
disease such as BKD.
of mortalities in

and 5 indicated that a high

percentage in all treatments had either died from or were carriers of
salmoninarum.

Initial monthly mortality patterns appeared to coincide with

fluctuations in hatchery water temperature during March and April (Fig.
For subsequent periods, however, mortality in all experimental lots
followed a cyclical pattern, with maximum rates occurring in
Correlation analysis of these patterns suggested an independent
relationship between midrange monthly temperature and percent monthly
mortality (t = 0.02 to 0.17, P=0.03 to 0.93).

Whereas, comparisons of

treatment mortality rates revealed significant positive correlations for
(1) replicate control lots (t = 0.74); (2) replicate PFI lots (t = 0.68);
(3) control and PFI lots in
lots in

(t = 0.57).

comparisons for treatment means.

(t = 0.70); and (4) control and PFI
These results agree with the
In addition, the fluctuating mortality

patterns suggest that horizontal transmission was an influencing factor on
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Figure

by time carrier levels of Renibacterium

salmoninarum in spring chinook salmon presmolts from

3.

carrier level is represented as a geometric mean of the direct fluorecsent
antibody technique

severity rating assigned to samples collected

from various replicates at similar times.
SB

= Replicates-2

=

and 3.

Figure SA=

geometric

=

H = LSD for comparing means

time in periods (weeks post-spawning).

V = LSD for comparing means vertically

horizontally or within a
of between

rating level,

and

and

* = common

value.
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Figure IV.6.
Facility-4.

Figure 6A mid-range monthly water temperature with range at
Y-axis

=

temperature C.

Figures 6B and 6C percent monthly

mortality of treatment lots, Replicate-4 and 5 respectively, for Experiment
3 at Facility-4.

Y-axis

=

percent.

X-axis all figures, time in months

from swim up in December 1980 to just before sea water entry in March 1982.
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the prevalence and incidence of R. salmoninarum reported for this
experiment.
Concurrent water-hardening trials with Maracyn supported the PFI
results.

Analysis of treated and control lots in Replicates-1 and 2 though

Period-7 indicated carrier incidence also differed for the Treatment by
Period

interaction hypothesis, but not the

Replicate

Treatment

Period

hypotheses.

or

Paired comparisons, however, of

the Treatment by Period means (level LSD,

were unable to

account for the significant differences suggested by the AOV.

Again, the

trend was toward higher carrier prevalences in samples taken during the
later Periods

level 1.0 for Maracyn lots and 0.75 for control lots at

Period-7), although a relatively high level was also observed for the
control lots
(Fig. IV.5).

level 0.80) and PFI lots

level 0.40) during Period-1

This later observation suggests that

salmoninarum

organisms present on or within emerging fry may undergo an undectectable
latent or occult development period prior to the onset of a recognizable
carrier state or clinical disease.

Discussion

According to Osol and co-editors

erythromycin activity is

influenced by the pH of a solution; for example, four times as high a
concentration is required at pH 7.0 than at pH 8.0 to inhibit the growth of
Bacillus cereus.

To eliminated pH as a factor contributing to variations

in activity, we conducted MIC determinations at pH values

to 7.0)
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optimum for the growth of

salmoninarum and equivalent to those of the

water-hardening solutions used for
the

to

range for both the distilled water

standards

to

to

Similarly,
and homogenized egg

was close to that of the treatment solution

to

and SCS egg samples
respect to data in
erythromycin activity

1, we reported the presence of
to

ug/ml) from control water-hardening

solutions in Replicate-2

and

when in fact we

no

This was probably a result of accidental contamination of the
treatment solutions with erythromycin, as we recorded no activity in pond
water use for control solutions in Replicates-1 and
E-P04 activity

The presence of

ug/ml) in fertilized eggs sampled from a

nonerythromycin injected female SCS Replicate-3
genuinely difficult to

and

is

Again, barring sampling and prediction

model error, this activity may be a result of contamination with sperm from
E-P04 injected males or the presence of either a

or an

antimicrobial substance such as a lectin that could also inhibit the growth
of

Lutea

In both of the above incidents, we

believe the recorded activities had no significant influence on the results
of the water-hardening
the original in vitro antibacterial sensitivity assays with
salmoninarum done by

and Dunbar

concentration of the drug

employed a relatively high
500 ug/ml), we conducted MIC

trials to determine if the selection of 2 ug/ml E-P04 was a realistic
water-hardening
ug/ml, and that determined by

our in vitro MIC, 21 days at
7 days at

to
ug/ml,
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confirmed that E-P04 is effective against
concentrations.

Clearly, these observations supported both the first

hypothesis (H-1), that 2
growth of

salmoninarum at relatively low

would effectively inhibit the in vitro

salmoninarum and the decision of Amos (1977) to use this

concentration (approximately 20 times the observed

in water-hardening

solutions.,
The finding of

activity, exceeding the in vitro therapeutic

concentration

to 0.18

in both treatment solutions and

water-hardened eggs supported our second hypothesis (H-2), that fertilized
eggs would absorb

from water-hardening solutions.

We noted elsewhere

(Groman and Klontz, 1983) that Bullock (1982) also found significant levels
of this drug in

eggs following 1.0 h of water-hardening in 2

in eggs from
females.

and

PFI;

in eggs from

The finding of parent-acquired antibacterial activity

in unfertilized ova obtained from
it indicates that prespawning
delivering therapeutic dosages of

females is also significant, as
alone may be effective in
to ova at critical times during

yolk absorption and vertical transmission of

salmoninarum.

Our examination of drug stability, however, revealed a significant
reduction following fertilization (Fig.

thus refuting our third

hypothesis (H-3), that fertilized eggs would retain
by absorption during water-hardening.

activity acquired

For example, between

and 1.0 h

of post-water-hardening we recorded little change in the activity of eggs
treated with PFI (0.92 to 0.91

while the activity of those treated

with Maracyn apparently decreased (1.03 to

suggesting the

former to be the either a more soluble or stable product.

Bullock (1982)
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reported similar changes in E-P04 activity for eggs obtained from
noninjected females (0.86 to 0.23 ug/ml) within 3 h of fertilization.
We do not believe the rapid loss of absorbed E-P04 activity for the
Maracyn treatments was due to inactivation of the drug, as a decrease was
not recorded with eggs obtained from both injected and noninjected females.
In fact, for Replicate-3 (eggs from noninjected females) we actually noted
a significant increase (0.60 to 1.06 ug/ml) for the PFI treated eggs and no
change (0.42 to 0.48 ug/ml) for the Maracyn treatments (Fig. IV.3).
Instead, we believe this loss of activity resulted from the dilution of the
drug during the

process.

The reductions of

acquired activity we recorded for control lots of eggs obtained from
females ( 0.39 to 0.24

in

support this hypothesis (Fig.

0.82 to

in

Bullock (1981, 1982)

reported similar reduction in his trials with

eggs,

to 0.64

further strengthening the argument for drug dilution as opposed to
inactivation.
We also noted a decrease in both absorbed and
antibacterial activity within 24 h of
activity in
in

no measurable

and only minimal activity (log
(Fig.

0.16

Conversely, Bullock (1982) observed no

reduction in parent-acquired antibacterial activity.

In fact, he reported

no change in activity up to 2 h and levels as high as 0.23
of related sac fry months after
explanation for the difference between eggs from
females.

from the

yet offered no
and

It appears that the fertilized eggs and embryos screened in the

above study were obtained from females that had received at least one and
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possibly two
spawning.

of 11

body

prior to

Where as the adults selected for Replicates-! and 2 in this

study had received only one injection at the beginning of the summer
holding period.

Consequently, we surmise that the half-life of the

injected antibacterial in adult chinook salmon yolk is between 14 and 30
days and that the reduction in activity observed at 24 h was due to the
dilution of unstable E-P04•

Multiple monthly injections of E-P04 are

presently recommended, as they both reduced prespawning mortalities of
adults SCS (Klontz 1978) and impart E-P04 to developing ova (Groman and
Klontz, 1983).
Evelyn (1983 personal communication, Pacific Biological Laboratory,
Naniamo, B.C., Canada) has suggested that the loss of absorbed E-P04
activity following water-hardening is due to the free exchange of the drug
across the chorion during the formation of perivitelline fluids.

Evidence

from previous studies suggests that salmonid eggs acquire 80% of their
perivitelline fluids during the first 2.5 h and 100% within 8 h following
fertilization (Eddy, 1974; Peterson and Martin-Robichaud, 1982).

During

water-hardening the total weight of an egg may increase 5-10%, with the
newly absorbed fluids comprising as much as 22% of the final weight (Potts
and Rudy, 1969; Potts and Eddy, 1973).

Evidence for increased permeability

of the chorion, following activation of fish eggs and during the formation
of perivitelline fluid, is also substantial (Hayes, 1949; Yamamoto, 1961;
Rudy and Potts, 1969; Blaxter, 1969; Eddy, 1974; Harvey and Chamberlain,
1982; Peterson and Martin-Robichaud, 1982).

Apparently, this membrane

allows for exchange of relatively low molecular weight substances (water,
sugars, salts, amino acids, dyes, and urea) in preference to larger

compounds such as egg albumin, gum arabic, dextran
protamine

or

Although no upper size limit has been defined for

the movement of compounds across the salmonid chorion, our work suggests
that molecules at least the size of E-P04
readily exchanged during the intial

approximately

h of water-hardening.

are
Conversely,

the perivitelline membrane surrounding the yolk is relatively impermeable
to these low molecular weight compounds (Loeffler and Lovtrop,
and Rudy,

Potts and Eddy,
hypothesis of free exchange.

Potts

These observations lend support to
It would appear, therefore, that

fluid entering the perivitelline space has little chance of being stored in
the yolk.
From a metabolic standpoint, perivitelline fluid is fairly stable and
probably does not affect the activity of absorbed E-P04
Czihak and co-workers

indicated that trout eggs may actually have a

buffering effect on both the pervitelline fluid and the water immediately
surrounding the egg during water-hardening.

In addition, reports indicate

that colloids released from the yolk to perivitelline fluid
lipids,

protein,

carbohydrates) do not initially contain large quantities of

lysozymal or respiratory enzymes which could deactivate E-P04 (Eddy,
and

Therefore, we agree with Evelyn (personal

communcation) that the decrease in activity observed for absorbed drug was
due to diffusion out of the eggs following their placement in untreated
water, and not to chemical inactivation by the perivitelline fluids.
The apparent and unexpected success of mechanical washing in reducing
surface transmission of

salmoninarum in Experiment

suggested no

preference for the use of E-P04 treatment solutions, and lent no support to

142
our fourth hypothesis (H-4) that E-P04 water-hardening of fertilized SCS
eggs would be an effective means of reducing the carrier incidence of BKD.
We offer the following explanations for this result.

Either, (1) the

females used in Experiment 2 were neither severely nor uniformly infected
with R. salmoninarum, (2) the interior of infected eggs contained
undetectable levels of vertically transmitted organism, or (3) the culture
techniques employed were not sufficiently sensitive to detect low numbers
of live BKD organisms.
The first explanation is certainly plausible, as we examined ovarian
fluid for the presence of
bacteria.

salmoninarum without quantifying infective

In addition, we only cultured this organism from the surface of

unwashed eggs in less than 58% of the samples (Table IV.3).

Consequently,

it is possible that the number of organisms present on the surface of eggs
was quite low in all replicates, and that simple mechanical washing was
adequate enough to eliminate them, regardless of the constituents in the
water-hardening solutions.
The second explanation is also plausible as we had no success in
culturing

salmoninarum from the interior of fertilized

Evelyn

(personal communication) also experienced minimal success in culturing this
organism from the interior of salmonid eggs, and has suggested that this
may be due to the presence of

activity in egg fluids (Evelyn,

diluted, this activity will prevent the isolation of
bacteria present in relatively small numbers;

400 per ml of

Although the mechanisms of vertical transmission are not fully understood,
evidence for the movement by pinocytosis of yolk and possibly particulate
matter though the pore canals of developing ova

and Fisher,
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Steh and Hawkes, 1979;

and

1981) suggests that

salmoninarum is present in the ova prior to

Consequently,

we believe that organism were present in the samples we

(Table

but at numbers too low to be detected by our assay
Therefore, we can neither preclude the validity of

2 and 3

above, nor satisfactorily conclude if E-P04 is more effective than simple
mechanical washing in removing

salmoninarum from the surface of

fertilized
noted earlier that the absorbed drug apparently does not enter the
yolk during water-hardening and is probably
fluids within 3 h of

out of perivitelline

These observations suggest that

vertically transmitted organisms if present in the yolk, are never
to absorbed E-P04, and that organisms present on the surface or within the
perivitelline space do not remain in contact with the drug long enough to
be effectively

Thus, eggs initially containing even low

numbers of organisms probably remain carriers following
and co-workers (1978) found this to be true for SCS eggs
water-hardened i n 100 mg/1 organic iodine for 15 minutes, as they observed
salmoninarum carriers in presmolts having no clinical signs of
Although, AOV in

3 indicated no significant reduction in

carrier prevalence following E-P04 water-hardening, differences noted for
Replicate means (significantly higher incidences between Replicates-4 and
S, and between replicates reared on river water as opposed to well or
spring water) suggest several factors other than antibiotic activity may
have influenced the

First, since we had no

quantitative assessment of the numbers of bacteria in each female, eggs

used for replicate trials probably differed in their initial carrier level.
In addition, we also made no attempt to examine bacteriocidal efficiency by
correlating the carrier level or number of infected eggs with
water-hardening concentration, but instead uniformly used
Even though this concentration was well above the in vitro

for R.

salmoninarum, its effectiveness was probably inversely proportional to the
number of

organisms in or on fertilized eggs.

Consequently we may have

prejudiced our results from the onset by, one, selecting females
(replicates) of varying disease status and, two, using too low a
concentration of E-P04 for the heavily infected
and 5.

i.e., Replicates-4

Therefore, we suggest that any future investigation of E-P04

water-hardening include selection of females similarly infected with R.
salmoninarum.
A second potential factor was certainly horizontal transmission of R.
salmoninarum.

One possible mode was from feral river stocks to our

experimental lots.

In fact,

evidence for transmission of

and Sherman

have provided

from hatchery to wild stocks of salmonids,

we believe the reverse is possible.

A more realistic explanation, however,

was horizontal transmission within experimental lots following the initial
occurrence of vertically transmitted

organisms.

The mean carrier

incidence ratings (Fig. IV.4) and cyclical monthly mortality patterns (Fig.
IV.6) recorded for both PFI and control groups at Facility-4 suggest
reinfection of presmolts via horizontal transmission in all lots.

This

type of augmentation would certainly have accounted for some of the
variability we observed, especially in smolting salmon

and
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We believe the above factors partially account for both the higher
carrier prevalences recorded thoughout Replicates-4 and 5 in comparison to
Replicates-1, 2, and 3 (Fig. IV.4), and the lack of significant differences
for carrier incidence and mortality between E-P04 and control lots at
Facility-4 (Figs.

and

These results suggest that AOV

comparisons of earlier samples (Periods-1 to 7) prior to extensive fish to
fish dissemination of

salmoninarum were probably more relevant to

conclusions concerning water-hardening in E-P04•

Consequently, we suggest

that any future investigations of E-P04 water-hardening concentrate on
comparisons of carrier levels in presmolts during the first few months
following hatching.
The differences noted within and between Treatment means for different
Periods in Experiment 3, were most likely influenced by pathological and
epidemiological factors, such as the chonic nature of BKD and the combined
effects of horizontal transmission, time, and smolting stresses.

For

example, we recorded greater mean rating levels and prevalences in all
experimental lots at Facility-4 (Fig. IV.4 and IV.5) the closer sampling
occurred to seawater entry (Period-11, April 1982).

In addition,

significant differences were generally recorded between means from early,
as opposed to later, periods (Fig. IV.5).

Consequently, Treatment by

Period differences were in our estimation unrelated to the E-P04
water-hardening treatments and were not considered pertinent to the
efficacy analysis.
In summary, we believe the activity of E-P04 absorbed from 2 ug/ml
antibiotic solutions is retained by perivitelline fluid for only a few
hours, suggesting that BKD organisms located within the yolk, perivitelline
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space, and posssibly on the surface of newly fertilized SCS eggs do not
contact E-P04 long enough to be effectively destroyed.

Therefore,

water-hardening in only 2 ug/ml E-P04 should at best be regarded as a
surface disinfection procedure and, as suggested by Fryer and Sanders
(1981), is probably less efficacious than was previously believed (Amos
1977) in preventing the vertical transmission of R. salmoninarum.

It also

appears that the drug accumulated in the ova as a result of prespawning
injections of E-P04 may be retained though the sac-fry stage.
coupled with the recent findings of

This fact,

and co-workers (1981) and Amos

(1982), that water-hardening solutions containing as much as 50 ug/ml E-P04
are not teratogenic to SCS embryo, suggest that multiple prespawning
should be combined with water-hardening in a solution of E-P04
greater than 2 ug/ml to control the vertical transmission of
salmoninarum

and Klontz, 1983).

Conclusions

Some of the conclusions offered in this paper have been summarized
earlier by

and Klontz (1983), in a review of chemotherapy and

prophylaxis of BKD with erythromycin.

From the foregoing data it can be

concluded
A) Although a concentration of 2 ug/ml erythromycin phosphate was a
realistic choice for water-hardening solutions used in this study, as it
exceeded the minimum inhibitory concentration for

salmoninarum by

20-fold, the use of higher water-hardening concentrations (not to exceed
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50 ug/ml

may be benificia1 in controlling vertical transmission

of R. salmoninarum
prespawning adult female spring

salmon with 11

body weight of erythromycin phosphate can deliver in vitro therapeutic
dosages of the drug to the

of developing ova.

Since the half-life

of the drug is thought to be less than one month, multiple monthly
prespawning injections of
spring

are presently
salmon eggs can absorb in vitro therapeutic

dosages of erythromycin phosphate into perivitelline fluid during the
first hour of water-hardening from solutions containing 2

of this

activity of absorbed erythromycin phosphate is significantly reduced
by 24 h following

and
salmoninarum infected

nonerythromycin-injected females, in 2
either

ova, obtained from
erythromycin phosphate as

or Maracyn does not appear to be effective in reducing the

initial carrier level of this pathogen in related presmolts.
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Appendix A
Table II.8.

Rearing parameters and history for all replicates at the Cowlitz facility.
16, 1980

Rearing container

Egg incubation trays, Heath

Water

well water;

Experimental units

DECEMBER 8, 1980
Corporation;

liters.

variable 7.2-10 C;

spring

salmon eggs
BKD
positive
yes

tshawytscha).

Replicate

Feeding regime

None

Disease treatments

Malachite green, 2-3 times
4.5 minutes.

E-P04
treated
no

A
B

yes

size

(not estimated)

yes

c

no

D

yes

at 11.65

for approximately

Appendix A
Table II.9.

Rearing pa r ameters and history for all replicates at the Cowlitz facility.
PERIOD : DECEMBER 9, 1980 THROUGH MARCH 31, 1981

Rearing container

Shallow troughs, Heath Teena Corporation; size/volume
0.20m/17.5 c.m.

4.6m by 0.53m by

Water

Source • well water through February 8, 1981 then Cowlitz River; Temperature
va riable 5.6-8.9 C (see Fig. 1); Inflow = 102-104 liters/minute.

Experimental units

Feeding regimens

Initial
population

A

3200

B

3900

c

4600

o.o + o.o

D

5100

0.7

Feed

Number
per kg

(approx. 2420)

0.0

+

o.o

0.0

+

o.o

+ 1.4

Moist Pellet (OMP):
Month

Year

Pellet
size

Feeding
frequency

December

1980

1/32

8 times daily

January

1981

1/32

8 times daily

February

1981

3/64

6 times daily

1981

1/16

4 times daily

March
Disease treatments

Percent of maximum
DFAT severity rating

Replicate

All replicates treated with 1:7000 formalin for Costia infestation on
February 5, 1981.

Appendix A
Table 11.10.

Rearing parameters and history for all replicates at the Cowlitz facility.
PERIOD:

Rearing container
Water

APRIL 1, 1981 THROUGH APRIL 12, 1982

Steel and aluminum circular tanks, custom built; size/volume= 3.7m diameter
by 0.8m with a center stand pipe 0.3m diameter by 0.8m/7.9 c.m.
Source = Cowlitz River for remainder of fresh water rearing; Temperature
variable 5.0-12.8 C (see Fig. 1); Inflow = 303 liters/minute.

Experimental units

Feeding regimens

Feed

=

Percentage of maximum
DFAT'severity rating

Replicate

Initial
population

Number
per kg

A

2835

295

11.9

+ 10.9

B

3283

313

13.3

+ 22.4

c

3502

304

3.1

+ 2.2

D

3338

287

0.0

+

o.o

OMP:
Month

Year

Pellet
size

Feeding
frequency

April

1981

1/16

5 times daily

-

1981

3/32

2 times daily

1981

(3/32-1/8 mixture)

2 times daily

1/8

2 times daily

May

June

July - August
September

-

April

1981-1982

----------------------------------------------------------------------------Disease treatments

All replicates fed high zinc OMP diet for cataracts beginning in June 1981.

Appendix A
Table II.ll.

Rearing parameters and history for each replicates at the Cowlitz facility.
PERIOD: APRIL 8-12, 1982 THROUGH

Rearing container

3-10, 1982

nylon mesh net pens; size/volume
for replicates B and D, 2.lm by 2.4m
c.m., for replicates A and C, 4.9m by 4.9m by
c.m.

by

sea
only.

Water

Temperature variable 8.7-11.7

C (see Fig.

Inflow

tidal

Experimental units
Mean length (mm)
(N
100)

Percentage of
DFAT severity rating

Replicate

Sea water
entry date

Initial
population

Number
per kg

A

April 8th

1263

16

196.7

+ 4.5

39.4

+ 17.7

B

April 9th

1209

20

173.0

+ 7.2

22.5

+ 20.9

c

April 8th

1854

16

188.0

+ 4.2

25.6

+ 20.0

D

April 12th

1819

24

165.4

+ 6.0

1.7

+ 3.0

------------------------------------------------------------------------------------3 to 4 times daily,

Feeding regime
Disease treatments

None

and

inch pellet.

Appendix

B

Table II.l2. Sample pool size (PS), sampling freqency (SF), pool type (PT) and geometric mean (MR) of the direct fluorescent
antibody technique (DFAT) severity ratings by weeks post-spawning (WPS) for each replicate. Percentage daily mortalitity
(PDM) was calculated as a monthly mean for all replicates.

---------------------------------------------------------------------------------------------------------------------------1980
1981
1982
---------------------------------------------------------------------------- -----------------------Month
Dec
Mar
Apr

Feb

WPS

May

------ --- ------- ------- --- --------- -------

12

18

20

2

2
12

2
8

c c

c

c

27

29

31

38

3
3
7
I
I
I
1.0 .03 .10

3
9

Aug

Sep Oct

------- ---

---

Dec

---

Feb

Mar

Apr

May

-- ---- --- --- ---- ---73

78

81

88

---------------------------------------------------------------------------------------------------------------------------Replicate-A
PS
SF
PT
MR

Replicate-S
PS
SF
PT
MR
Replica te-e
PS
SF
PT
MR
Replicate-D
PS
SF
PT
MR

All replicates
PDM

2

2

c c

2
21

0 .90

0 .17

2

2

c c

c

0

0

0

2

2

0

2
17

c c

2
20

2

c c

7
3
9

2
13

3
10

c

c

2

2

2

3
9

c c

c

c

0

0

.02

I
I
I
1.23 1.13 .03

I

0

.01 .03

I

12
K
I
.13 .33

I

I
.81

1.
3
8
I

0

c

.09

.07

I
.80

I
.87

0

12
I
.07

I
I
.13 .23

I
I
.03 .23

3
8
I
0

I
.80

K

3
8
I
I
0 .10

I
I
.80 .17

I

12

c

0

0

0

c

3
9

c

0

.07

3
8
I

K

I
.10

I

I

I
.23

12
I
1.12

I

12
I
I
I
I
0 1.70 1.77 1.28

I

12
I
.08

12

c

I
.07
.02

K

.08
.13

.OS

.08

12
I
I
I
.97 1.97 2.00

I

.08

.09

I
.28
1.28

---------------------------------------------------------------------------------------------------------------------------c
I
K

organ samples.
Individual organ samples; i.e .
Trunk kidney only.

trunk kidney, head kidney, liver, spleen, heart and lower intestine.

Appendix C
Table 11.13. Kendall Tau
coefficients of correlation between the direct
scent antibody technique (DFAT) severtiy ratings of organ systems used to identify
salmoninarum carriers.
of observation
267.

Head
Liver (L)

Heart

0.70

Spleen (S)

(HK)

Lower
intestine (L1)

Kidney (TK)

0.70

o. 72

0.69

0.64

0.68

0.63

0.62

0.72

0.62

0.70

t-'

00

L

s

*

p

HK

0.69

L1

0.

0.01

C
Table
ity

Tau
coefficients of correlation for monthly mid-range temperature C
percentage daily mortaland the percentage of the
severtiy rating
for individual and combined replicates.

Replicate

A

Parameter
-0.01

A

c

B

PMAX

TEMP

PDM

0.41
(0.13)

-0.10
(0. 71)

0 . 00
(1.00)

PMAX

TEMP

PDM

-0.10
(0. 71)

-0.02
(0.92)

0.51

Combined

D

PMAX

TEMP

PDM

0.06
(0.83)

0.21
(0.41)

-0.10
(0.76)

TEMP

PDM

0.02
(0.84)

0.19
(0.10)

0.03
a (0.92)

0.12
(0.52)
B

PMAX

0.75

0.24
(0. 22)

*
c

0.23
(0.27)
0.84

0.68

*

0 . 66

*
Combined

PMAX

-0.03
(0.89)

*
0.26
(0.31)

D

*

0.41
(0.18)
0.77

*

0.61

*

0.15
(0.44)

0.21
(0.09)
a

*

Probability value
p
0 . 05

