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We have previously described (L. M. Vaughan, P. R. Smith, and T. J. Foster, Infect. Inmun. 61:2172-2181,
1993) the construction of a kanamycin-resistant aromatic-dependent mutant of Aeromonas salmonicida, the
causative agent of furunculosis, and its use as a live vaccine. Here we describe the construction of an unmarked
aroA deletion mutant and examine the nature and magnitude of immune responses in rainbow trout (On-
corhynchus mykiss) to this vaccine strain. Good proliferative and antibody responses were elicited by using a
range of vaccine doses from 2 X 10° to 2 x 10° live bacteria per fish, and a clear vaccine dose effect was
apparent. A significant positive effect of using live bacteria to prime for lymphocyte proliferation and antibody
production was apparent. However, the problem of directly comparing the vaccine doses of live and killed
bacterial preparations is discussed, since some replication of live bacteria in vivo is expected. Most impor-
tantly, the live vaccine preferentially stimulated enhanced T-cell responsiveness, as evidenced by significantly
greater increases in T-cell proliferation than in B-cell proliferation, compared with responses by the respective
cell populations from fish given a killed vaccine. The manner in which live vaccines elicit strong cell-mediated

immune responses and the relevance to fish vaccine design are discussed.

Live vaccines against fish bacterial pathogens have been
used with success in several recent fish farm trials (13, 18, 19).
Despite knowledge on the degree of protection afforded by
these vaccines, very little information exists as to the nature of
immune responses elicited by live vaccines in fish and how they
compare with responses to conventional killed vaccines. In
mammals, live vaccines have a number of advantages over
dead vaccines (1) and are known to be effective stimulators of
cell-mediated immune responses, responsible for elimination
of intracellular microbial pathogens (9). Activation of antigen-
specific T cells is a key event in such responses, resulting in the
release of cytokines able to increase phagocyte activity. Several
major bacterial diseases in aquaculture are considered to be
caused by intracellular pathogens able to reside, in particular,
within macrophages; these bacteria include Aeromonas salmo-
nicida (5) and Renibacterium salmoninarum (4), the causative
agents of furunculosis and bacterial kidney disease, respec-
tively. Thus, vaccines that preferentially stimulate cell-medi-
ated responses may be desirable in these cases.

We have previously described the construction of a kanamy-
cin-resistant aroA mutant of A. salmonicida (Brivax) and its use
as a live vaccine to protect brown trout (Salmo trutta) from
laboratory infection with A. salmonicida (19). Here we describe
the construction of an aroA4 deletion mutant (Brivax II) which
is suitable for use as a field vaccine. Preliminary investigation
has shown that this strain is substantially attenuated, with
doses as high as 2 X 10® bacteria per fish having no observable
effect on fish health (11). The Brivax II strain is therefore
suitable for vaccine development, but studies on the magnitude
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and nature of the immune response elicited are warranted. In
the present study, rainbow trout (Oncorhynchus mykiss) were
immunized with this live vaccine, using several doses, and we
examined the proliferative responses of blood leukocytes and
antibody production at various times postvaccination. In addi-
tion, comparisons were made between the responses elicited
with the live vaccine relative to those elicited with formalin-
killed preparations of the same strain.

MATERIALS AND METHODS

Fish. Rainbow trout (O. mykiss) specimens obtained from local fish farms were
maintained in aerated fiberglass tanks supplied with a continuous flow of recir-
culating water at 16°C. Fish were fed twice daily with commercial trout food
(EWOS Ltd.). Fish vaccinated with the live Brivax II bacterium were placed in
the pathogen containment aquarium facility at the Department of Zoology,
University of Aberdeen, where the outflow water was sterilized by contact with
hypochlorite.

Construction of an aroA deletion mutant (Brivax II). The aroA deletion strain
(Brivax II) was derived from the wild-type virulent A. salmonicida 644Rb (19) by
using the suicide delivery plasmid pSUP202 (15) as described previously (19).
Plasmid pSUP202AA2 (19), which contains a deletion of the entire aro4 coding
sequence with flanking sequences to promote homologous recombination, was
introduced into A. salmonicida 644Rb by conjugation from the Escherichia coli
donor strain S17-1 (15). Plasmid integrants were selected on tryptic soy agar
(TSA; Gibco) plates containing chloramphenicol or tetracycline (Sigma) at 8 and
3 wg/ml, respectively. Donor E. coli cells were counterselected with nalidixic acid
at 30 pg/ml. Strains containing integrated plasmids were single colony purified on
selective agar (TSA plus 10 pg of tetracycline per ml) before inoculation into
drug-free tryptic soy broth (TSB; Gibco). Plasmid excisants were identified on
TSA plates by the loss of plasmid-encoded antibiotic resistance. Rare aromatic-
dependent mutants were identified by cross-streaking colonies onto A. salmoni-
cida minimal agar lacking aromatic supplements (19). Colonies which failed to
grow were restreaked onto TSA plates and checked for antibiotic sensitivity and
ability to grow on minimal agar plates to which aromatic supplements had been
added. One strain which satisfied these criteria was identified, and chromosomal
DNA was isolated as previously described (19). The structure of the deleted aroA
locus was verified by Southern hybridization (14) by using the wild-type PstI aroA
fragment from plasmid pAA2 (19) labelled with [a-*P]dATP as a probe. This
strain was designated Brivax II (AaroA).
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Bacterial passaging and antigen preparation. Brivax II bacteria stored at
—70°C were thawed and inoculated into 3% TSB. Following an initial 24-h
incubation of cultures at 20°C, bacteria were subcultured and grown for a further
24 to 48 h at this temperature prior to their use for vaccination. Some cultures,
prepared as described above, were killed by the addition of 1% formalin (BDH)
for 24 h. Killed cultures were then washed and adjusted to 5 X 10'* bacteria per
ml in 0.15 M phosphate-buffered saline (PBS), pH 7.2, and stored in aliquots at
—20°C until required. Live cultures were also washed in PBS prior to use and
adjusted to an appropriate concentration. For use as in vitro antigens, other
strains of A. salmonicida were incubated for an initial 24 h at 20°C and then
subcultured and grown for a further 48 h, prior to being killed and stored as
described above. These strains included the wild-type strain, 644Rb, from which
Brivax was derived (i.e., without an aro4 deletion) and strain MT004, an aviru-
lent strain lacking an A layer (3). In some cases, the bacteria were sonicated
instead of being killed with formalin. Following centrifugation (13,000 X g) and
three washes in PBS, suspensions were sonicated on ice until clear. Such prep-
arations were stored at —20°C until used for antibody assays (see below). In
addition, sonicated preparations were centrifuged at 13,000 X g for 10 min to
remove cellular debris, the supernatants were collected and filtered through a
0.22-wm-pore-size filter, and protein concentration was determined. These lysed
cell supernatants were also stored at —20°C until use in proliferation assays.

Immunization protocols. Groups of 15 to 30 rainbow trout, weighing 50 g each
and acclimated to 16°C, were anesthetized with ethyl-4-aminobenzoate (Benzo-
caine; BDH) at 25 pg/ml of water. The fish were then vaccinated intraperitone-
ally with live Brivax IT in 200 1 of PBS at doses of 2 X 10°,2 X 107, 2 X 10%, and
2 X 10° bacteria per fish (i.e., 4 X 10* to 4 X 107 bacteria per g of fish).
Preliminary trials showed that doses higher than 2 X 10° bacteria per fish caused
some mortalities and so were not used. Some fish were immunized with formalin-
killed Brivax IT at a dose of 2 X 10® bacteria per fish or given PBS as a control.
Fish were sampled once (i.e., terminally) at week 2, 4, or 8 for proliferation
studies or repeatedly at weeks 2, 4, 6, 8, and 11 for determination of serum
antibody titers (see below).

Proliferation. Antigen-specific proliferation of rainbow trout peripheral blood
leukocytes (PBL) was performed essentially by the method of Marsden et al.
(12). PBL were isolated from five to seven fish per group at each time studied,
resuspended in RPMI 1640 medium (Gibco) containing 25 mM NaHCO; (pH
7.2), and diluted to trout tonicity (312 mosmol). Aliquots (100 wl) of RPMI 1640
medium containing 2.5 X 10° leukocytes were added to 96-well tissue culture
plates (Nunc), in triplicate per treatment examined, in the presence of a further
100 w1 containing 10°, 10°, or 107 formalin-killed 644Rb (wild type) or MT004 A.
salmonicida cells or in 100 wl containing 4 or 10 pg of lysed 644Rb or MT004
cells per ml (to achieve overall concentrations of 2 and 5 pg/ml, respectively).
The cells were then cultured in a saturated humidity atmosphere of 5% CO,—
95% air at 18°C = 1°C for 3 h prior to the addition of fetal calf serum to give an
overall concentration of 10%. Leukocytes were incubated for a further 96 h prior
to the addition of 0.5 wCi of [*H]thymidine (specific activity, 5 Ci/mmol; Amer-
sham) per well. Twenty-four hours later, the cells were harvested and samples
were counted by the method of Marsden et al. (12). Data were calculated and
expressed as mean (* standard error [SE]) counts per minute minus the counts
per minute from respective controls cultured without antigen. While the speci-
ficity of this assay has been confirmed in a previous study using cells from fish
immunized with killed A. salmonicida (10), in the present study controls were
also carried out where cells from Brivax II-immunized fish were cultured with
formalin-killed Vibrio anguillarum to determine if this was also the case using a
live vaccine. Controls were also carried out in the absence of leukocytes but in
the presence of the highest dose of bacterial antigen (107 bacteria per well) used
in these experiments.

In some cases the proliferative response of separated surface-immunoglobu-
lin-positive (sIg") and surface-immunoglobulin-negative (sIg~) PBL was also
examined. PBL were isolated and resuspended in L,5 medium containing 5%
fetal calf serum to approximately 3 X 10° cells per ml. A portion of these purified
PBL were retained to give the unfractionated PBL response, and the rest were
separated by a panning technique described by Graham and Secombes (6), using
a mouse monoclonal anti-trout Ig antibody (I-14). The leukocytes were panned
for 1 h at 18°C after which nonadherent sIg™~ cells were collected and the
adherent sIg™ cells were scraped off. All three populations (unfractionated, sIg*,
and sIg~ PBL) were concentrated by centrifugation at 400 X g for 5 min at 4°C,
and the resultant cell pellets were resuspended in RPMI 1640 medium for use in
the proliferation assay. In each assay the relative responses to T-cell (phytohe-
magglutinin) and B-cell (lipopolysaccharide) mitogens were also monitored by
the method of Marsden et al. (12) to confirm that separation into sIg™ and sIg™
cells was successful. Data of fractionated sIg* and slg™ cells were presented as
a stimulation index, obtained by dividing the counts per minute of these popu-
lations from fish vaccinated with live Brivax II by the counts per minute of the
respective fractionated cells from fish vaccinated with dead Brivax II. Thus, an
index greater than 1 indicated that there was a greater response of cells from fish
given the live vaccine.

Antibody assays. Blood samples were collected from 13 to 15 fish per group at
each time studied. The blood was allowed to clot and was stored at 4°C overnight
prior to centrifugation to obtain serum. Serum samples were stored at —20°C
prior to use. Antibody titers were determined by an enzyme-linked immunosor-
bent assay (ELISA) as described by Thompson et al. (17) with the exception that
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the ELISA plates were coated with sonicated Brivax IT at 0.5 mg/ml. Log, titers
were expressed as means * SEs.

Statistical analysis. Obtained data were analyzed statistically by analysis of
variance (ANOVA) and Student’s ¢ test, as appropriate.

RESULTS

Construction of A. salmonicida 644Rb AaroA. The suicide
delivery plasmid pSUP202AA2 (19), harboring the 2-kb EcoRI
aroA deletion flanked by 0.7 and 1.6 kb of DNA to provide
homology for recombination, was introduced by conjugation
from E. coli S17-1 into A. salmonicida 644Rb. Plasmid inte-
grants were selected by plating dilutions of the mating mixture
on TSA plates containing nalidixic acid and either chloram-
phenicol or tetracycline. Colonies were grown in broth lacking
antibiotics and then plated for single colonies on drug-free
agar (Fig. la). Aromatic-dependent mutants were identified
from among these colonies by streaking on minimal agar lack-
ing aromatic supplements. One such strain which failed to
grow on minimal agar and had lost both chloramphenicol and
tetracycline resistance was identified. The ability to grow on
minimal agar was restored by the addition of aromatic supple-
ments (19). The structure of the deleted aroA4 locus was veri-
fied by Southern hybridization, using the wild-type PstI aroA
fragment as a probe. This probe detected a 4.3-kb fragment in
PstI-digested wild-type DNA. In the mutant strain, the probe
reacted with a band of 2.3 kb, which corresponds to the PstI
fragment containing the 2.0-kb EcoRI aroA deletion (Fig. 1b).
No revertants to Aro* were detected among 10 cells (18).
The mutant strain grew normally on complete agar and re-
tained a normal A layer, as shown by its ability to aggregate in
broth and the Congo red binding assay (18).

Proliferation responses. As seen in Fig. 2, immunization of
fish with 2 X 10® Brivax II gave good priming of lymphocytes,
as assessed by proliferation in vitro in response to the wild-type
strain. Control cultures without antigen typically gave counts of
less than 1,500 cpm, and cultures without cells but containing
107 bacteria per well gave an average cpm of 527 (n = 10).
Maximal proliferation was seen at week 2 with both antigen
concentrations used to stimulate proliferation, and there was a
significant (P < 0.05) time effect by one-way ANOVA. How-
ever, there was an inherent degree of variability in the prolif-
eration assay from week to week, making such comparisons
difficult to interpret. The effect of in vitro antigen concentra-
tion was also significant overall by two-way ANOVA (P <
0.001), with higher concentrations eliciting higher prolifera-
tion. However, at week 8 the effect was not significant as a
result of a large SE in the higher concentration group. Controls
to determine the specificity of the assay using cells from live
vaccinated fish showed that while a degree of responsiveness to
an unrelated antigen (V. anguillarum) was seen, the response
to the specific antigen was significantly (P < 0.05) greater (Fig.
3). Indeed, the responses to V. anguillarum were no greater
than those seen using leukocytes from unprimed fish in previ-
ous studies (unpublished data).

The effect of vaccine dose was investigated 4 weeks postvac-
cination by using both the wild-type strain and MT004 to stim-
ulate proliferation in vitro (Fig. 4). In both cases a clear effect
of vaccine dose was apparent, with a dose of 2 X 10° Brivax II
per fish inducing the highest levels of proliferation and a dose
of 2 X 10° Brivax II per fish inducing the lowest levels of
proliferation in response to the various types and concentra-
tions of A. salmonicida antigens used in vitro. While the effect
of vaccination dose was apparent with all antigens used to
stimulate proliferation, it was only at the lower antigen con-
centration (10° bacteria per well) that this effect was statisti-
cally significant (P < 0.05). The effect of in vitro dose was also
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FIG. 1. (a) Schematic representation of the events involved in the construc-
tion of the aroA deletion. Step 1 involved the integration of the suicide vector
43kb —» ’ harboring the AaroA allele. This was achieved via a single crossover, resulting in
a Campbell-type integration event. The plasmid was subsequently excised (step
IT) following a second recombination which, if it occurred on the other side of the
deletion, resulted in allele replacement as shown. The circle represents the
suicide plasmid with genes for resistance to chloramphenicol and tetracycline
() harboring the PstI fragment containing the deleted 2.0-kb EcoRI aroA

23kb —» Rad fragment (thin bold line). The wild-type chromosomal PstI locus is represented
by the thick bold line. The horizontal arrow indicates the aro4 coding sequence.
(b) Southern hybridization analysis of 4. salmonicida 644Rb and the aro4A mu-
tant. Chromosomal DNA (3 ug) was digested with PstI and separated on a 0.8%
agarose gel. The DNA was transferred to nitrocellulose and probed with the
wild-type PstI aroA fragment labelled with [a->?P]dATP.
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FIG. 2. Proliferation of PBL at various times postvaccination with Brivax II
at 2 X 108 bacteria per fish in response to 10° and 10 killed wild-type (644Rb)
A. salmonicida cells per well. Data are presented as mean (*+ SE [shown by error
bar]) counts per minute for five fish. Antigen conc, Antigen concentration.

more marked at the lower vaccine doses in this run compared
with the above data in Fig. 2. Proliferation in response to the
wild-type strain (A layer positive) and MT004 (A layer nega-
tive) was similar and not significantly different at all vaccine
doses and in vitro antigen concentrations examined. Similarly,
there were no significant differences between in vitro responses
to the wild-type strain and Brivax II at this time, using a vaccine
dose of 2 X 10® bacteria per fish (Fig. 5). Comparison of the
responses of leukocytes from vaccinated fish with responses of
leukocytes from control fish showed that, as expected, the
former were significantly greater (P < 0.05) than the latter
(Fig. 5).

The proliferative responses of unfractionated PBL from
trout vaccinated with live or dead Brivax II at 2 X 10® bacteria
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FIG. 3. Proliferation of PBL at 2 to 4 weeks postvaccination with Brivax IT at
2 X 108 bacteria per fish in response to 107 killed wild-type (Whole WT) A.
salmonicida cells per well, 5 ug of wild-type cell lysate per ml (Lysed WT), or 107
killed V. anguillarum cells per well (Whole Vibrio). Data are presented as mean
(+ SE [shown by error bar] counts per minute for three wells per treatment.
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FIG. 4. Proliferation of PBL 4 weeks postvaccination with various doses of
Brivax II in response to 10° and 107 killed wild-type (644Rb) and MT004 A.
salmonicida cells per well. The fish were vaccinated with the following doses of
Brivax II per fish: 2 x 10° (0), 2 X 10® (&), 2 X 107 (N), and 2 X 10° (m). Data
are presented as means (= SE [shown by error bar]) counts per minute for seven
fish.

per fish 4 weeks postvaccination are shown in Fig. 6. In all cases
fish given the live vaccine had a significantly higher (P < 0.001)
degree of proliferation in response to both the whole-cell and
lysate antigen preparations used. Similar results were found at
weeks 2 and 8 postinjection (data not shown). Fractionation of
blood leukocytes into sIg* and sIg™ cells was confirmed by
their mitogen responsiveness (Fig. 7). These populations con-
tain 90 and 30% lymphocytes, respectively (12), and proliferate
because of their B- and T-cell populations. Thus, while unfrac-
tionated cells could respond to both mitogens, sIg* (B) cells
responded only to lipopolysaccharide, whereas sIg~ (T) cells
responded only to phytohemagglutinin. Typically, B-cell re-
sponses to specific antigen were greater than T-cell responses
across all antigen types and doses tested (Fig. 7). Since in-
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FIG. 5. Proliferation of PBL 4 weeks postvaccination with Brivax II at 2 X
10® bacteria per fish or postinjection with PBS (Control) in response to 10° killed
Brivax IT and wild-type (644Rb) A. salmonicida cells per well. Data are presented
as mean (+ SE [shown by error bar]) counts per minute for five fish.
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FIG. 6. Proliferation of PBL 4 weeks postvaccination with 2 X 10® live or
killed Brivax II cells per fish in response to 10° and 107 killed wild-type (Whole
WT) and MT004 (Whole 004) A. salmonicida cells per well or 2 and 5 pg of cell
Iysates (Lysed WT, Lysed 004) of the above strains per ml. Data are presented
as mean (= SE [shown by error bar]) counts per minute for five fish.

creased T-cell responses would be expected if cell-mediated
immune responses were preferentially stimulated by the live
vaccine, the responses were analyzed relative to responses elic-
ited by the dead vaccine. Responses of B and T cells to these
antigens reflected the unfractionated cell responses, in that
both populations from fish given the live vaccine were greater
than the responses of respective cells from fish given the dead
vaccine (i.e., the stimulation indices were above 1) (Fig. 8).
However, from these experiments it was apparent that overall
the magnitude of increase in proliferation seen following live
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FIG. 7. Proliferation of sIg* (B cells) and sIg~ (T cells) PBL 4 weeks post-
vaccination with 2 X 108 live Brivax I cells per fish in response to 10° and 107
killed wild-type (Whole WT) and MT004 (Whole 004) 4. salmonicida cells per
well or 2 and 5 pg of cell lysates (Lysed WT, Lysed 004) of the above strains per
ml. Data are presented as mean (*+ SE [shown by error bar]) counts per minute
from a representative experiment from five fish examined at this time point and
three wells per treatment. PHA, phytohemagglutinin; LPS, lipopolysaccharide.
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FIG. 8. Proliferation of sIg* (B cells) and sIg™ (T cells) PBL 4 weeks post-
vaccination with 2 X 108 live or killed Brivax II cells per fish in response to 10°
and 107 killed wild-type (Whole WT) and MT004 (Whole 004) 4. salmonicida
cells per well or 2 and 5 pg of cell lysates (Lysed WT, Lysed 004) of the above
strains per ml. Data are presented as the mean (* SE [shown by error bar])
stimulation indices of the live Brivax response (expressed relative to the killed
Brivax response [i.e., the killed Brivax response equals 1 in all cases]) for five fish.
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vaccination was significantly higher (P < 0.01) in the T-cell
population than in the B-cell population (i.e., T cells had
higher stimulation indices than B cells).

Antibody responses. Antibody titers of anti-Brivax sera from
trout vaccinated with different doses of live Brivax II and sera
from control fish injected with PBS are shown in Fig. 9. Anti-
body titers increased steadily over the first 4 to 6 weeks and
then began to decline slightly, stabilizing again at weeks 8 and
11. There was a clear vaccine dose effect, which was significant
overall (P < 0.001) by two-way ANOVA. Indeed, each group
was significantly different from the others in a pairwise com-
parison by two-way ANOVA (P < 0.001). In addition, 2 X 10®
dead Brivax II cells were used to vaccinate a further group of
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FIG. 9. Serum anti-Brivax antibody titers determined by ELISA at various
times postvaccination with four doses of Brivax II, plus a killed vaccine prepa-
ration at 2 X 10® bacteria per fish and a negative control (PBS). The fish were
vaccinated with the following doses of Brivax II per fish: Controls (O), 2 X 10°
live bacteria (O), 2 X 10°® live bacteria (A), 2 X 107 live bacteria (), 2 X 10° live
bacteria (@), and 2 X 10% dead bacteria (A). Data are presented as means + SEs
of log, titers for 13 to 15 fish.
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trout, and as seen in Fig. 9, the titers from this group were
significantly lower (P < 0.05) than the titers from fish vacci-
nated with the same dose of live Brivax. This effect was appar-
ent from week 6 on, when titers were approximately 1 log, unit
lower than those of the corresponding live vaccinated group.

DISCUSSION

Good proliferative and antibody responses were elicited by
vaccination of rainbow trout with a live (aroA4) strain of A.
salmonicida. These results are in agreement with the results of
the earlier study of Vaughan et al. (19), using an aro4 mutant
generated by inserting a kanamycin resistance determinant
within the aroA gene, where titers of up to 1:128 (log, titer =
7) were present in brown trout 6 weeks postvaccination with
5.4 X 107 bacteria per fish. While antibody titers steadily in-
creased over the first 4 to 6 weeks postinjection, proliferative
activity was maximal much earlier in the response (week 2).
Maximal proliferation 2 weeks postinjection has also been ob-
served with a killed A. salmonicida preparation (10), where it
was speculated that perhaps an ongoing primary immune re-
sponse contributed to this early increase in addition to any
generated memory cells. Proliferation was still highly signifi-
cant at the last sampling at week 8, suggesting that good im-
munological memory had been established. Indeed, long-lived
immunological memory is considered to be a characteristic of
responses to live vaccines (1).

The dose-response experiment clearly demonstrated that
the larger the vaccine dose, the larger the priming effect on
proliferation and antibody production, although all doses elic-
ited good responses. The highest dose used was far greater
than in previous protection studies using live A. salmonicida
vaccines (18, 19), where doses of 1 X 107 to 5 X 107 bacteria
per fish were injected intraperitoneally and shown to give good
protection. Thus, the lower vaccine doses may give rise to
biologically relevant, albeit lower, responses. Indeed, even in
the present study the responses of cells from fish given the
lower vaccine dose were not significantly lower than the re-
sponses of cells from fish given the high vaccine dose when a
high antigen concentration (107 bacteria per well) was used to
stimulate proliferation.

One of the most interesting findings in the present study was
the significant positive effect of using a live vaccine to prime for
lymphocyte proliferation. This effect may be brought about by
a difference in the real bacterial dose received by fish given the
live vaccine compared with the killed vaccine, since live AroA™
bacteria are likely to replicate in vivo for a few days before
using up their folate reserves (7). Thus, the response to the
dead vaccine may represent a response to a lower vaccine dose.
However, it is also possible that the bacteria penetrated lym-
phoid organs in a more stimulatory manner than can be
achieved with a dead vaccine.

Further experiments looking at differential effects upon
trout T and B cells support the notion that a qualitatively
different immune response was elicited with the live vaccine.
Isolated sIg™ and sIg~ PBL have been used in many previous
functional studies to investigate fish B- and T-cell responses
and have confirmed that discrete populations akin to mamma-
lian B and T cells exist in fish (2, 6, 12). While the panning
technique used in the present study gives quite pure sIg™ cells
(90% lymphocytes), the sIg™ cells contain a mixture of cell
types (10), although only the lymphocytes present (30%)
should proliferate in response to mitogens or antigens. While
both B- and T-cell populations from fish given the live vaccine
showed higher proliferative responses than these populations
from fish given the killed vaccine, as with unfractionated PBL,
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the relative increase in proliferation was significantly higher in
the T-cell population than in the B-cell population. This qual-
itative difference in the responses elicited by the live and killed
vaccines may be due to the induction of a strong cell-mediated
immune response with the former, as seen with live vaccines in
mammals (16). This interpretation was also suggested by the
antibody data, where although vaccination with live Brivax
gave a significantly higher titer than vaccination with killed
Brivax, the difference was relatively small, reflecting the
smaller increase in B-cell activity compared with that of T-cell
activity seen in the proliferation experiments. Whether cell-
mediated or humoral immune responses are elicited is deter-
mined in mammals by the type of helper T cells stimulated and
the cytokines they release. Thus, interleukin 2 (IL-2) and
gamma interferon released from Thl cells drive cell-mediated
responses whereas IL-4, IL-5, and IL-6 released from Th2 cells
drive humoral immunity. The Thl and Th2 cells themselves
have cytokine requirements for IL-12 and IL-4, respectively
(9). The major source of IL-12 is infected macrophages, pre-
sumably explaining the ability of live vaccines to efficiently
stimulate cell-mediated responses. Interestingly, the magni-
tudes of the proliferative responses of the isolated trout T- and
B-cell populations were similar whether stimulated with A.
salmonicida antigens or with phytohemagglutinin or lipopoly-
saccharide, respectively, as seen in another study (12). Since in
fish immunological memory is due strictly to an increase in the
B-cell precursor pool rather than an increased capacity of the
precursors to proliferate (8), this may reflect a greatly enlarged
antigen-specific lymphocyte pool, although the possibility of
some polyclonal activation by the A. salmonicida antigens can-
not be entirely excluded as seen in Fig. 3.

In conclusion, Brivax II appears to be a good stimulator of
immune responses in rainbow trout, as seen in the prolifera-
tion and antibody experiments. Evidence is presented that live
vaccines elicit larger responses than killed vaccines, although it
may be difficult to directly compare vaccine doses because of in
vivo replication of live bacteria. Nevertheless, it is apparent
that live vaccines preferentially enhance T-cell responsiveness,
and live vaccines may be a requirement for successful vaccina-
tion against some fish pathogens.
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