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THE IMMUNE RESPONSE OF CHANNEL CATFISH

I. Basic responsiveness to soluble and viral antigens

MERRILL H. McGLAMERY, DCNALD L. DAWE, and JOHN B. GRATZEK
Department of Medical Microbiology, College of Veterinary Medicine,
University of Georgia, Athens, Georgia 30601

Abstract: Channel catfish (Ictalurus punctatus) were immunized with bovine serum
albumin (BSA) or vesicular stomatitis virus (VSV). Groups of catfish, housed in
cages in a pond, were immunized by intramuscular (IM) injection of single doses
of BSA or VSV or 2 doses of BSA or VSV given 1 week apart. Other groups of
catfish were immunized with 1 IM injection of BSA or VSV incorporated in Freund’s
complete adjuvant (FCA). The antibody responses were measured at weekly intervals.
Passive hemagglutination was used for detection of anti-BSA antibodies, and serum-
neutralization was used for detection of anti-VSV antibodies. A significant antibody
response occurred in those catfish immunized with either BSA or VSV incorporated
in FCA. One injection of BSA or VSV in physiologic saline induced little or no
detectable antibody production. Two injections of BSA or VSV in physiologic saline
induced a slight transcient antibody response between the third and fourth week
post-injection.

INTRODUCTION
Good and Papermaster’ and Ridgway

body production in snappers (Lutjanus
sp.), however, the fish did respond to

et al.’ have reviewed the literature con-
cerning the capabilities of most lower
vertebrates to synthesize humoral anti-
bodies in response to antigenic stimula-
tions. Snieszko™ in a review of the litera-
ture relating to immunization of fish
emphasized that optimum antibody re-
sponse to an antigenic stimulation is
dependent upon the optimum temperature
for each species of fish. The immuno-
logic and immunochemical nature of this
antibody response of fish has been
described on a phylogenic basis.***®®°
Various workers have studied the anti-
body response of the teleosts to soluble
protein antigen.***

Clem and Sigel* reported that margates
hyperimmunized with bovine serum al-
bumin (BSA) produced high levels of
specific antibody. Sigel et al.”* reported
that soluble BSA did not stimulate anti-

alum precipitated BSA.

The antibody response of the margate
to human influenza virus was studied by
Sigel and Clem." They found that mul-
tiple injections of antigen induced higher
antibody titers than single injections of
antigen. Incorporation of the influenza
virus in Freund’s complete adjuvant in-
duced significantly higher antibody titers
as compared with injections of soluble
antigen. No attempt was made to follow
the course of the antibody response.
Krantz et al. protected trout against
challenge infections of Aeromonas sal-
monicida by immunizing them with for-
malin-killed bacteria in a mineral oil
adjuvant.

At this time, individual vaccination for
disease prevention in large fish culture
establishments is prohibitive for practical
and economic reasons.’* Additionally, the

This research was supported in part by funds from the U.S. Public Health Service Grant No.
5 TI AI 197 and U.S. Public Health Service Contract No. FR5501-RR05601.
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effectiveness of disease control programs
based on oral immunization has not been
proven conclusively.” This study was
undertaken to provide initial information
concerning the antibody response of
channel catfish. These preliminary studies
will provide a basis for further work on
oral immunization.

MATERIALS AND METHODS

Experimental fish

A total of 720 channel catfish were
equally divided into 12 groups and main-
tained by cage culture (3'x 3’ x 3’) in a
2Y2-acre closed experimental pond. These
fish were estimated to be 18 months old
and their weight range was 150-250g.
They were fed Purina Trout Chow at
2-3% of their estimated biological weight
4 times weekly. Water temperature was
continuously recorded and pertinent
weather data were obtained.

Antigen preparation

Bovine serum albumin'’) (BSA) was
dissolved in phosphate buffered saline
(PBS), pH 7.2 at concentration of 20
and 40 mg/ml. The greater concentration
of BSA (40 mg/ml) was mixed with
equal volumes of Freund’s complete
adjuvant!® (FCA). A stock of New
Jersey strain of vesicular stomatitis
virus® (VSV) was produced by sub-
culturing on primary chicken embryo
fibroblast cell cultures.

The stock virus contained 1 x 10°
plaque forming units (pfu)/ml. Stock
virus was divided into equal parts, one
part diluted with an equal volume of
PBS pH 7.2, the other mixed with an
equal volume of Freund's complete ad-
juvant. Each immunizing dose of stock
virus (0.5 ml) contained approximately
2.5 x 107 pfu.

(1) Nutritional Biochemicals Co., Cleveland, Ohio.

(2) Difco Co., Detroit, Michigan.

Immunization of fish

Catfish were assigned randomly to
groups and immunized as described in
Table 1.

The groups of catfish housed in an
individual cage were identified by clip-
ping a different spine for each group.

All fish were immunized with 0.5 ml
of the appropriate antigen, intramuscu-
larly in the dorsal back muscles. Care
was taken during the immunizing proce-
dure to minimize stress on the fish.
Bcoster injections of the antigens were
given one week after the primary injec-
tion to the appropriate groups (Table 1).

Blood samples were obtained by veni-
puncture of the caudal sinus. Samples
were collected prior to antigen adminis-
tration and at weekly intervals post-
immunization up to 7 weeks, a final
sample being collected at week 15 post
inoculation. The pre-immunization sample
was collected from 70 fish; 10 pools were
made of this blood. At each post-
immunization bleeding 7 fish from each.
group were selected, bled, and the blood
from each group pooled. The blood was
allowed to clot overnight at 4 C, the
serum decanted, clarified by centrifuga-
tion and stored at —20 C until needed.

Determination of antibody resp Detection
of anti-bovine serum albumin antibodies

Anti-BSA antibody was detected using
the passive hemagglutination technique
as described by Boyden® and modified by
Stavitsky." In this study, the tannic acid
treated sheep red blood cells were treated
with 100ug BSA per ml of 2.5% sus-
pension of cells. All serum samples were
inactivated at 56 C for 30 minutes and
absorbed with washed sheep red blood
cells. Titrations were done in doubling
dilutions starting with a 1:10 dilution.
The end point was the last serum dilution
giving complete agglutination.

(3) Dr. J. Spalatin, University of Wisconsin, Madison, Wisconsin.
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TABLE 1. Immunization scheme of 720 channel catfish randomly assigned to 12 experimental
groups.
Cage No. Group a Antigen b Vehicle

I 1 BSA« PBSY
2 BSA PBS (Boosted)*
3 none PBS

11 4 BSA FCAf
S none FCA + PBS
6 none none

111 7 VSV« PBS
8 VSV PBS (Boosted)
9 none PBS

v 10 VSV FCA
11 none FCA + PBS
12 none none

a Sixty catfish per group—each group identified by clipping of the spine.

b Intracellular injection, 0.5 ml.

¢ Ten milligrams bovine serum zlbumin—Nutritional Biochemicals Corp., Cleveland, Ohio.

d Phosphate buffered saline — pH 7.2.
e Reinjected 7 days following initial injection.

t Freund’s complete adjuvant—Difco Cc., Detroit, Michigan.

g Vesicular stomatitis virus (New Jersey strain).

Detection of anti-vesicular stomatitis
virus antibodies

The beta-serum neutralization method
(constant virus-decreasing serum method)®
was used to detect anti-VSV antibodies
in the catfish sera. Pooled serum samples
were inactivated at 56 C for 30 minutes
and diluted 1:5 with Hanks’ Balanced
Salt Solution (HBSS). Two-fold serial
dilutions of the serums was made in
HBSS. An equal volume of diluted virus
(approximately 1000 pfu/ml) was added
to each serum dilution and the mixture
was incubated for 1 hour at 25 C. Virus-
HBSS and horse serum - virus controls
were prepared at this time and treated
as above.

Preliminary work demonstrated that
catfish serum at dilutions of less than
1:10 had a toxic effect on monolayers
of chicken embryo fibroblasts. Addition-
ally, heat stable viral inhibitors were

(4) Difco Co., Detroit, Michigan.

detected. These effects were nsgated at
a final serum solution of 1:10. Therefore,
all serum neutralization tests were done
beginning at serum dilutions of 1:10.

Primary chicken embryo fibroblasts
(24 hr. monolayers) were inoculated (in
triplicate) with 0.2 ml of each virus-
serum dilution, virus-HBSS, and horse
serum - virus mixtures respectively. To
avoid bias, each plate was coded. As an
additional control, plates of chicken
embryo fibroblast monolayers were in-
oculated with catfish serum (dilution
1:10) to determine if the serum had any
toxic effect on the cell cultures. All plates
were incubated at 37 C in a humidified
5% CO: atmosphere for 1 hour. During
this period, the plates were rotated gently
several times to disperse the inoculum
over the monolayers. After incubation,
all plates were overlayed with a mainte-
nance medium consisting of 1% Purified
Agar,!") Eagle’s F-11,(*) 1% calf serum,

(%) Grand Island Biologicals, Grand Island, New York.
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and antibiotics. The overlayed plates
were incubated at 37 C (under 5% CO.)
for 30 hours at which time they were
stained with a 1:5000 solution of neutral
red. Three hours after staining, plaques
were counted, the plates identified, and
the results recorded. The 50% plaque
reduction point was used as the end
point for serum titration. Mid-dilution
end points were interpolated by the
Reed-Muench method.?

RESULTS

Response to bovine serum albumin
immunization

The antibody responses of the catfish
to BSA are summarized in Table 2 and
Figure 1. A barely detectable antibody
response was induced by a single injec-
tion of BSA (Group 1, Table 1 and 2,
Figure 1). Two injections of BSA, a
week apart, induced a minimal antibody
response, with a peak titer of 1:20 at 4
weeks post - immunization (Group 2,
Table 1 and 2, Figure 1). No antibody
activity was noted in any of the control
group serum (Groups 3, 5, and 6, Table
1). A significant antibody response was
induced in Group 4 (Table 1) injected
with the BSA incorporated in Freund’s
complete adjuvant (Figure 1, Table 2).
In this group, there was a significant
drop in antibody titer at weeks 5 post-
immunization.

Passive Hemagglutination Titer—1
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FIGURE 1. The antibody response of channel

catfish to bovine serum albumin.

TABLE 2. Antibody response of channel catfish to bovine serum albumin determined by the

passive hemagglutination test.

Weeks Post Inoculation

Group a 0 1 3 4 5 6 7 15

BSAYP/PBS *c * * 204 * * * *

2 BSA/PBS * * 204 20 204 * * *
Boosted®

4 BSA/FCAt * * 160 320 2560 320 2560 5120 2560

a Control groups 3, 5, and 6 (Table 1) negative.

b Bovine serum albumin, 10 mg intramuscular injection.

¢ Asterisk means no detectable titer.

d Reaction at these dilutions was incomplete agglutination.
¢ Bovine serum albumin, 10 mg intramuscular injection; 2nd injection 1 week after initial injection.
f Bovine serum albumin, 10 mg mixed in Freund’s complete adjuvant.
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Table 3 and Figure 2, 3, and 4. The N,
50% plaque reduction end points of all |.
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Table 1) were less than 1:20. On this » .
basis, significant antibody response oc- /
curred only in Groups 8 and 10 (Table i
3, Figures 3 and 4). Group 8 which el .
received VSV (2 injections) had a peak
titer at 3 weeks after initial injection
(Figure 3). This titer dropped at week 4
after primary injection and then slowly
declined. The greatest antibody response
was induced in Group 10 injected with
the VSV emulsified in Freund’s complete
adjuvant (Table 3, Figure 4). In this
group, antibody was first detected at the
3rd week post-injection with a peak titer
occurring at the 4th week post-immuniza-
tion (Figure 4). There was a significant
drop in titer at weeks S and 6 post-
injection with a rise in titer at week 7 3
and a decline in titer to week 15 post-
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injection. FIGURE 2. The antibody response of channel
catfish to a single inoculation of
vesicular stomatitis virus in saline.

TABLE 3. Antibody response of channel catfish to vesicular stomatitis virus measured by the

serum neutralization 50% end point method.

50% End Points a

Week

Group 0 1 2 3 4 5 6 7 15
7 VSVb/PBS *e * * * 201 * * * *

8 VSV/PBS * * * 640 71 40 25 20 20

Boostede

9 PBS * * * * * * * * *
10 VSV/FCAt * * * 100 640 90 32 310 21
11 FCA/PBS * * * * * * * * *
12 None * * * * * * * * *

a Based upon six dilutions (base log 2), three replicates for each dilution.
b Vesicular stomatitis virus (New Jersey strain).

¢ Asterisk means a 50% end point of less than 1:20.

a End point calculations from the reciprocal of the dilutions.

¢ Boosted 1 week after initial immunization (week 0).

f Freund’s complete adjuvant—Difco Co., Detroit, Michigan.
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FIGURE 3. The antibody response of channel FIGURE 4. The.antibody response of channel
catfish to two inoculations of catfish to a single inoculation
colar st s virus i i of wvesicular stomatitis virus in
vesicular stomatitis virus in saline. Freund’s Complete adjuvant.
DISCUSSION antibody response. However, the intra-

The results of this study indicate that
significant antibody titers to both a solu-
ble protein antigen (BSA) and a viral
antigen (VSV) can be induced in catfish
if Freund's complete adjuvant is used to
enhance the antigenicity of these particu-
lar antigens. It is apparent that single
exposure to the antigens alone will not
induce a significant antibody response,
however, with the VSV a reasonable
antibody response is induced if two injec-
tions of the antigen are given.

The findings in this study are in accord
with the work reported by Sigel et al.“
These workers found that soluble BSA
given intravenously to snappers or intra-
muscularly to gars would not induce an

muscular administration of alum-precipi-
tated BSA did induce an antibody re-
sponse in these fish. Trump® injected
goldfish repeatedly with BSA and ob-
tained a hyperimmune serum to this
antigen. Ambrosius and Lehmann' re-
ported that either aluminum hydroxide
or Freund's adjuvant significantly in-
creased the quantity of immunoglobulins
produced in fish as compared to fish
immunized without these adjuvants. They
noted that the effect of adjuvants was
more pronounced in the fish than it was
in rabbits. Krantz et al.” observed that
mineral oil adjuvants had a significant
effect on the immune response of brown
trout.
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In both the antibody response to BSA
and VSV, a significant drop in antibody
titer occurred approximately at the Sth
week post-injection. Since the antibody
response of the group rather than indi-
vidual fish was measured, the drop in
antibody titer could be the reflection of
differences in antibody responses of
individuals within the group. At each
sampling time the fish to be sampled
were haphazardly selected since truly
random selection is impossible without
individual identification of the fish. If
the drop in titer was the result of chance
sampling of the populations the proba-
bility of getting low antibody producing
fish at the same time in both groups is
small. The fact that the observed drop in
antibody titer was coincident in both
groups of fish suggests that some com-
mon factor influenced both groups.

The time of drop in antibody titer
coincided with an environmental change.

Acknowledgements

During the 5th week of the experiment
there was a heat wave; the water tem-
peratures at this time ranged between 88
and 91 F, whereas in the preceding and
succeeding weeks the water temperature
fluctuated between 75 and 85 F. Addi-
tionally, during this time there was in.
creased cloud cover and a significant
rainfall. The optimum temperature for
growth of catfish is between 73 and 84 F
and growth drops off rapidly at higher
temperatures.”® The 3 to 6 degrees rise
in water temperature combined with
reduced oxygen tension as a result of
reduction in photosynthesis of the algae
due to the cloud cover and addition of
silt from the surface runoff, could have
provided sufficient environmental stress
to significantly alter the metabolism of
the catfish. This working hypothesis will
have to be tested under laboratory con-
ditions where the various environmental
factors can be controlled.
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