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Immunization of Salmonids for
Control of Vibriosis

ABSTRACT-Experimental work done with the immunization of chinook salmon,
Oncorhynchus tshawytscha, and coho salmon, O. kisutch, against Vibrio anguil
larum is described. Experiments include: 1) A comparison of the efficacy of oral
and injected bacterins; 2) a study of the protection provided by three selected oral
bacterin concentrations; 3) an investigation of three selected periods of bacterin
administration; and 4) a study of the effects of diverse water temperatures on oral
immunization. Studies with the V. anguillarum bacterin indicate that under experi
mental conditions fish can be immunized against vibriosis.

packed, whole cell bacterin, the bacte
rial cells were killed in the fermentor by
the addition of 100 ml Formalin solu
tion directly into the 30 liter broth cul
ture. The cells were harvested after I
hour, frozen, and stored at -26°C.

To prepare lyophilized whole cells,
the cells were harvested by high speed,
continuous-flow centrifugation. Two
hundred fifty grams of the harvested
cells were then resuspended in 1 liter of
a saline solution containing 0.3 percent
Formalin and mixed for 24 hours at
25°C. The cells were then lyophilized.

Cells were also prepared for paren
teral administration. Because smaller
quantities of the bacterin were needed
for this type of immunization, cells
were cultured on BHI agar surfaces.
This was done by preparing agar slants
in 8-ounce prescription bottles which
were inoculated with I ml of a 12 hour
culture of the desired organism. After
incubation (24 hours at 25°C), the cells
were removed from the agar surface
with 0.3 percent Formalin-saline solu
tion, Bacterial cells remained in this
solution for I hour and were then
washed three times by centrifugation in
phosphate buffered saline.

Bacterin Administration
and Challenge

The method for oral vaccination fol
lowed a similar procedure in all exper
iments conducted, Fish, either chinook
salmon, O. tshawytscha, or coho salm
on, O. kisutch, were fed a diet contain
ing the bacterin incorporated at a
selected level per gram of ration. Diets
used in this study were either Oregon
Moist Pellets (OMP) (Hublou, 1963) or
Oregon Test Diet (OTD) (Lee et aI.,
1967). This diet was administered to
fish held at a freshwater facility sup
plied with pathogen-free well water at
an ambient temperature of 12°C. It was
also possible to vary the water tempera
ture in experimental aquariums from 4 °
to 23°C.

Efficacy of the bacterins was tested
by exposing experimental fish to a
natural challenge of V. anguillarum in a
saltwater rearing impoundment at Lint
Slough on the Oregon coast. Groups of
animals were held in l-m diameter
fiberglass tanks which were furnished

Preparation of Bacterins

The preparation of each antigen is
outlined in Figure I. The procedure for
mass culturing of the bacterial cells was
the same in the preparation of the oral
bacterins. Ten ml of brain heart infu
sion (BHI) broth (Difco) 1 were inocu
lated with organisms from a stock cul
ture of V. anguillarum. After 12 hours
incubation at 25°C, 2 ml of this broth
culture were used to inoculate two sepa
rate I-liter quantities of broth which
were also incubated 12 hours at 25°C.
These two separate liters of culture
were then used as the inoculum for 30
liters of medium which had been
sterilized in a fermentor. After an incu
bation period of 10-12 hours at 28°C,
500 ml of a 20 percent dextrose solution
was added and the culture allowed to
incubate an additional 10-12 hours.

For the preparation of the wet-
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METHODS

tion (begun in 1968) has involved
developing oral bacterins and testing
conditions under which they can be ef
fectively used. ln addition to oral im
munogens, a parenteral administered
bacterin was also studied.

Work on fish pathology at Oregon
State University has included the
development of several experimental
immunogens including those of
Flexibacter columnaris, Aeromonas
salmonicida, infectious hematopoietic
necrosis virus, and Vibrio anguillarum.
Experiments with these bacterins and
vaccines have been directed toward
studying the immune response in
Pacific salmon (genus Oncorhynchus)
and steelhead trout, Salmo gairdneri.
The primary objective of this research
has been potential immunization of
these animals for control of infectious
diseases which have affected large
scale fish culturing attempts. Effica
cious bacterins have been reported for
the control of vibriosis in salmonids
(Hayashi et al., 1964; Fryer et aI.,
1972). To date, the most successful
immunogen tested in our laboratory has
been prepared from cells of V. anguil
farum.

One of the simplest methods for
delivery of bacterins to large fish popu
lations is by oral administration. There
fore, the major portion of this investiga-
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Figure I.-Methods used for Vibrio anguillarum bacterin preparation.
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tions should be administered to produce
increased protection. The lyophilized
whole cell bacterin was added to aMP
at a level of 2 mg/g and fed to groups of
200 fall chinook salmon (mean weight
0.8 g). One group of animals received
this diet for 15 days, a second for 30
days, and a third for 45 days. The vac
cination periods were begun so that
each of the three experimental groups
received its last bacterin dose on the
same day. All vaccinated fish and an
unvaccinated control group were then
maintained in fresh water for 15 days
before being simultaneously chal
lenged for 40 days at Lint Slough.

Effects of Temperature
on Oral Immunization

Variations in water temperatures are
encountered among hatchery locations
and with the seasons of the year. It has
been reported that agglutinating anti
body production in poikilothermic
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Concentration of
Oral Bacterin

Early experiments routinely em
ployed either 5 or 10 mg of vaccine per
gram ofdiet. These levels were arbitrar
ily selected and no comparative infor
mation was available. In order to gain
some understanding of the concentra
tion required to produce immunity with
the orally administered bacterins, the
following experiment was designed.
Groups of 200 fall chinook salmon
(mean weight 6.5 g) were fed wet
packed whole cell bacterin at levels of
2, 5, or 10 mg/g of OTD for 30 days.
After this feeding period, the fish re
mained in fresh water for 15 days and
were then challenged at Lint Slough for
30 days.

Length of Oral
Bacterin Administration

There was also interest in the length
of time that the vaccine containing ra-

with saltwater. Vibrio anguillarum is
endemic at this rearing impoundment
and reaches epizootic proportions in the
wanner months of the year when the
water temperature rises to 12°C or
above (Cisar and Fryer, 1969).

A necropsy was performed on all ex
perimental animals which died during
the challenge. The animals were exam
ined for gross pathological symptoms,
dissected aseptically, and bacteriologi
cal cultures were then prepared from
kidney tissue on BHI agar. After incu
bation, the plates were examined for
typical colonies of V. anguillarum.
Presumptive tests included microscopic
examination using the gram reaction,
and morphology and motility by means
of phase contrast microscopy. Recov
ery of V. anguillarum was confirmed
with rapid slide agglutination tests
using the suspected isolates as antigens
and V. anguillarum antiserum which
had been prepared in rabbits.

Comparison of Oral and
Injected Vibrio Bacterins

An experiment was designed to de
termine whether parenteral administra
tion of bacterin would provide protec
tion to fish and to compare the efficacy
of this method to oral immunization.
Experimental groups of fall chinook
salmon consisted of 200 fish in the
orally vaccinated groups and 150 fish in
the injected groups. The oral bacterin
consisted of lyophilized whole cells in
corporated into OTD at a concentration
of 2 mg/g of ration. The fish received
100 g of diet/200 fish per day. The
bacterin feeding period was 30 days
followed by a 15 day postvaccination
period. Fish which were injected intra
peritoneally received approximately 2
x 108 cells/animal in 0.1 ml of a
Freund adjuvant-saline suspension and
were vaccinated 50 days prior to the
time they were challenged. Throughout
this period in fresh water, these animals
were maintained on a ration containing
no bacterin. The orally and parenterally
vaccinated fish were simultaneously
exposed for 40 days to natural chal
lenge with V. anguillarum. The mortal
ity of these animals was compared to a
similar group of fish which had re
ceived no bacterin.
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animals is slower at lower temperatures
(Muroga and Egusa, 1969; Avtalion et
aI., 1973; Paterson and Fryer, 1974).
Because all of the immunization exper
iments that have been previously de
scribed here had been conducted at
water temperatures of l2oe, it was de
sirable to determine what effect diverse
water temperatures had on the immune
response of orally vaccinated animals.

Replicate groups of coho salmon
(mean weight 3.3 g) were acclimated to
each of seven temperatures: 3.9°, 6.r,
9.5°, 12.2°, 15.0°, 17.8°, and 20.6°C.
Acclimation of fish took place during a
I-week period at temperature incre
ments of 3°e every 2 days. For 15 days
these animals were fed a diet containing
2 mg of wet whole cell bacterin/gram of
OMP. After this feeding period, each
group of fish was held at its respective
temperature for I week before being
reacclimated to l20c. The fish were
challenged naturally at Lint Slough for
20 days and mortality was then com
pared to unvaccinated animals which
had been held at \2 oe throughout the
freshwater phase of the experiment.

RESULTS

Comparison of Oral and
Injected Vibrio Bacterins

Each group of fish vaccinated either
orally or intraperitoneally showed little
variation in mortality 40 days after chal
lenge (Table I). Injected fish had a 7
percent mortality, the orally vaccinated
group 10 percent, and the control ani
mals experienced an 80 percent loss.
These results indicated that both
methods of vaccine administration
were effective for the control of vib
riosis.

Prior to challenge, serum samples
from fish of each vaccinated group were
tested for the presence of agglutinating
antibody. Animals which had been
immunized parenterally had high anti
body titers (I :640); however, fish
which were orally immunized did not
show detectable levels of agglutinating
antibody. This indicated that different
immune responses are stimulated by
each of these two methods of vaccina
tion. Similar observations have been
made by Schaperclaus (1972). Al
though the mechanism of protection has
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not been determined for orally im
munized fish, cellular immunity or sec
retory antibody may be involved.
Fletcher and White (1973) reported the
presence of secretory antibody in the
intestines of plaice, Pleuronectes pIa
tessa L., after oral administration of V
anguillarum antigens. These experi
ments, however, have not been re
peated using salmonids as experimental
animals.

Concentrations of
Oral Bacterins

The fish which were fed 2, 5, or 10
mg of bacterin/gram of ration experi
enced mortalities (due to vibriosis) of
25, 19, and 18 percent, respectively, 30
days after challenge. Sixty-six percent
of the unimmunized fish died of vib
riosis (Table 2). Results indicated that
fish can be protected with a bacterin
concentration of as low as 2 mg/g of
ration.

Length of Oral
Bacterin Administration

When the length of the vaccination
period was varied, it appeared that in
creasing the time of administration to
more than 15 days did not appreciably
increase the protection provided these
experimental animals (Table 3). Fish
vaccinated for 15,30, and 45 days ex
perienced mortalities of 12, 13, and 16
percent, respectively, 40 days after
challenge, while the unvaccinated con
trol group had an 84 percent mortality.

Effects of Temperature
on Oral Immunization

The results of this experiment indi
cate that diverse water temperatures do
not preclude oral immunization with
bacterins prepared for the control of V.
anguillarum. All immunized groups
had mortalities of less than 5 percent,
20 days after challenge. The control
animals experienced losses as high as
83 percent (Table 4).

DISCUSSION

Throughout our research with the V.
anguillarum immunogens, the efficacy
of both oral and injected bacterins has
appeared feasible. Since these studies
indicate that under experimental condi
tions fish can be immunized against

Table 1.-Comparlson of the efficacy of parenteral end
oral admlnlstrallon of bacterin for the control of vlb-
rloals In fsll chinook ""Imon.

Melhod of No. of Mortality
bacterin No. of Total deaths caused by
adminis- fish/ no. of caused by vibriosis
tration group' deaths' vibriosis (%)

Fed3 200 26 19 10

Injected
intraper·
itoneally' 150 13 10

Unvac-
cinated
control 200 172 160 80

'Mean weight 23.0 g/fish.
2After 40 days natural challenge to Vibrio anguillafum in
saltwater.
3Bacterin was dry, whole cells incorporated into Oregon test
diet and led at a level ot 2 mg of vaccine/gram 01 diet for 30
days.
4Bacterin was 0.1 ml of a Freund's adjuvant-saline suspen
sion containing 2 x 108 cells.

Table 2.-Efficacy of selected bacterin concentrations
for control of vibriosis In fall chinook ""Imon.

Baeterin
concen- No. of Mortality
tration No. of Total deaths caused by
adminis- fish/ no. of caused by vibriosis
tered' group' deaths3 vibriosis (%)

2 200 55 50 25
5 200 42 37 19

10 200 38 36 18
Unvac-
cinated
control 200 139 132 66

'Milligrams of bacterin/gram of Oregon test diet fed lor 15
days.
'Mean weight 6.5 g/fish.
3After 30 days natural challenge to Vibrio anguillarum in
saltwater.

Table 3.-Efflcacy of aeleeted vaccination periods for
control of vibriosis In fall chinook salmon.

Vaccin- No. of Mortafity
ation No. of Total deaths caused by
period 1 fish/ no. of caused by vibriosis
(days) group2 deaths3 vibriosis (%)

15 200 30 21 12
30 200 30 25 13
45 200 41 32 16
Unvac-
cinated
control 200 170 168 84

'Bacterin fed at a level of 2 mg of lyophiliZed whole cell
bacterin/gram of Oregon moist pellets.
'Mean weight 0.8 g/fish.
3After 40 days natural challenge to Vibrio anguillarum in
saltwater.

vibriosis, the application of these tech
niques to aquaculture seems possible.
However, to our knowledge, no defini
tive production trial has been con
ducted, and at the present time these
products do not exist in a licensed form
available to the aquaculture industry.
We believe that before the pharmaceu
tical industry begins to prepare
immunogens for licensing and use by
fish culturists, seven major problems
must be considered.
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Table 4.-Elflcacy 01 oral immunlzallon 01 coho aalmon
held at selected water temperatures.

No. of Mortality
Temper- No. of Total deaths caused by
ature' fish/ no. of caused by vibriosis
(Oc) group' deaths' vibriosis (%)

39 75 2 1 1
100 13 5 5

6.7 95 4 2 2
60 4 1 2

9.5 97 0 0 0
100 6 2 2

12.2 90 2 0 0
80 6 0 0

15.0 96 1 1 1
100 0 0 0

17.8 97 0 0 0
86 1 0 0

20.6 99 0 0 0
87 0 0 0

Unvac-
cinated 100 72 72 72
control 100 86 83 83

'Vaccinated with 5 mg of vaccine/gram of Oregon moist
pellets for 15 days followed by a 7-day acclimating period.
'Mean weight 3.3 g/fish.
'After 20 days natural challenge 10 Vibrio angUil/arum in
saltwater.

I) There appear to be difficulties in
moving from controlled laboratory ex
periments with 200-500 fish to full
scale production. Experimental results
may vary with large numbers of fish in
the production situation, and what is
possible experimentally may not be di
rectly applicable to aquaculture as it
now exists.

2) Serotyping of fish pathogens is in
its infancy, and the possibility of large
numbers of serotypes of these patho
gens could complicate the production
of bacterin. Careful selection of bac
teria or viruses for vaccine preparation
must be made.

3) As techniques of immunology
begin to be applied more extensively
in aquaculture, there will be a real need
to reemphasize the definition of immun
ity. There is a tendency to consider
immunity as a shield built around the
animals which makes them permanent
ly invulnerable to a particular patho
gen. Immunity is not permanent
invulnerability. It is a relative state of
insusceptibility brought on by one of
three conditions: a) Having the disease
and recovering; b) having a subclinical
case of the disease; or c) being arti
ficially immunized. The protection af
forded by a particular immunogen is
relative, and it can be overcome by any

of several factors such as environmen
tal stress, overwhelming presence of
the pathogen, or the appearance of a
different serotype. Therefore, progress
in immunization of fish offers aquacul
ture increased protection from fish
pathogens but not necessarily the eradi
cation of disease.

4) Since environmental stress is a
factor which influences susceptibility,
and because fish are particularly vul
nerable to these stresses, the impact of
environmental alterations on the im
mune state needs further study. We
have, on one occasion, seen an abrupt
change in temperature produce suf
ficient stress in previously immune
animals to cause them to become sus
ceptible to the pathogen.

5) As work in both fish pathology and
aquaculture continues, the develop
ment of reproducible artificial chal
lenge systems will become imperative.

6) There is a need to develop
methods for measuring immunity in
fish other than direct exposure to the
specific pathogen with subsequent
evaluations based on death or survival.

7) Finally, novel methods for vac
cine delivery should be explored. Al
though injection and oral administra
tion of bacterins are capable of eliciting
immune responses, each method poses
inherent difficulties when dealing with
large populations of fish.
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