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To assess the immunogenic and immunoprotective role of the extracellular
lectin from Aeromonas veronii (MCBP), which has a$nity for mucosal con-
stituents such as mucin, lactoferrin, immunoglobulins and collagen, spotted
sand bass (Paralabrax maculatofasciatus) were orally immunised either with
soluble MCBP, adjuvant-conjugated MCBP or immobilised MCBP on latex
microspheres. The results suggest that the MCBP is capable of eliciting
protective immunity against A. veronii infections when administered orally.
The highest mucosal immune response was elicited in fish immunised with
MCBP covalently linked to cholera toxin B subunit (CTB) or to Escherichia
coli heat-labile toxin (hLT). MCBP-CTB was found to elicit immunoprotection
against a challenge with live Aeromonas cells with a relative percent survival
of almost 70% and without the expression of the severe histopathological
alterations induced by A. veronii. � 2001 Academic Press
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I. Introduction

Uptake of antigens by the epithelial cells of the gut, transport to antigen-
presenting cells and stimulation of lymphocytes are required to induce
immune responses after oral vaccination (Joosten et al., 1996; Jones et al.,
2000). However, to elicit a strong immune response, two important factors are
necessary. First, to ensure that the epitopes exposed in the immunogen are
protected against acid and proteolytic degradation such that su$cient intact
antigen is taken up to induce an immune response. Second, the selection of an
adjuvant to ensure a long-lasting protection (Midtlyng, 1996). Cholera toxin B
subunit, aluminium-based adjuvants (Jenkins et al., 1994a), the saponin
adjuvant Quil-A (Jenkins et al., 1994b), and oil-adjuvants (Midtlyng, 1996)
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have been investigated as adjuvants in fish. An e#ective example of micro-
encapsulation of antigens in a controlled release system is the use of
microspheres of poly(DL-lactide-co-glycolide) (O’Donnell et al., 1996).

The development of e#ective vaccines against microbial diseases is essential
for aquaculture. Oral vaccines are an attractive alternative to injection and
immersion vaccination for the aquaculturist because of the reduction of work
and the expense of administering a vaccine, and because oral vaccines reduce
the stress on the fish during immunisation (Gudding et al., 1999).

The spotted sand bass (Paralabrax maculatofasciatus) is an endemic fish
species of the Northwest Pacific coast of Mexico. Its ecophysiological features
and its commercially valuable meat make this species attractive for aqua-
culture. However, prophylactic and therapeutic alternatives must be found to
assure profitable fish farming and avoid public and animal health problems.

Aeromonas and Vibrio species are opportunistic pathogens of spotted sand
bass commonly found in aquaculture facilities (Leonard et al., 2000), that may
a#ect fish health, development and survival, especially during the summer
when seawater temperatures are most appropriate for Vibrionaceae growth.

Aeromonas veronii strains secrete a 48 kDa lectin (mucosal constituents-
binding protein, MCBP) with a$nity for mucosal factors such as mucin,
lactoferrin, immunoglobulins and collagen which stimulate the mucosal
immune system of rabbits (Ascencio et al., 1995). The aim of the present work
was to determine whether oral immunisation of spotted sand bass with this
lectin can elicit mucosal and systemic immune responses. Furthermore, the
potential of adjuvants to enhance responses was investigated in addition to
the ability of oral immunisation to induce protection against Aeromonas
challenge.
II. Materials and Methods
CHEMICALS

2-phenoxyethanol, phenylmethylsulfonylfluoride (PMSF), cholera toxin B
subunit, Escherichia coli heat-labile toxin, Bacillus thermoproteolyticus pro-
tease (thermolysin), Bacillus polymyxa protease (dispase), GM1 gangliosides,
Histopaque-1077, tissue culture media and reagents, alkaline phosphatase-
and horseradish peroxidase-antibody conjugates and other immunochemicals
were purchased from Sigma Chemical Co. (St Louis, MO, U.S.A.). Gentamicin
and N-succinimidyl-(3-[2-pyridyl]-dithio)propionate (SPDP) were purchased
from Boehringer Mannheim Biochemicals (Mannheim, Germany). N-
acetylmuramyl-L-alanyl-D-isoglutamine (MDP) was purchased from Pierce
(Rockford, IL, U.S.A.). Latex beads and microbiological media were purchased
from Difco Laboratories (Detroit, MI, U.S.A.). Carboxy-modified latex beads
were purchased from Seradyn, Inc. (Indianapolis, IN, U.S.A.). PD-10 Sephadex
columns were purchased from Pharmacia LKB (Solletuna, Sweden). Electro-
phoresis reagents were purchased from Bio-Rad Laboratories (Richmond, CA,
U.S.A.). All other chemicals used for bu#ers were purchased from commercial
sources and were analytical grade.
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FISH

Spotted sand bass (Paralabrax maculatofasciatus) with an average body
weight of 61·0 g (S.D.=5·3), and an average size of 15·7 cm (S.D.=2·2) were
captured at Bahia de La Paz, Baja California Sur, México and transferred to
500 l tanks with running ozonised seawater at 24� C, pH 8·2, salinity 37 ppm
and 7·25 mg l�1 of dissolved oxygen, and were allowed to acclimatise for 15
days before the start of the experiments. The fish were fed ad libium with
4–8 mm fish-squid feed pellets (56% protein, 22·1% lipid, 8·6% carbohydrate
and 13·2% ash), once a day during acclimatisation and the experimental
period.

During the challenge studies, symptoms were recorded for each individual,
fish with abnormal behaviour were recorded as having acute Aeromonas
disease, and fish with skin ulcerations were recorded as having chronic
Aeromonas disease. Feces and dead organisms were removed daily.
SAMPLING

Before skin mucus and blood collection, fish were anesthetised by adding a
1% 2-phenoxyethanol solution to the tank. Skin mucus was removed with
a plastic cell scraper (Becton Dickinson Labware, Franklin Lakes, NJ, U.S.A.)
and transferred to an Eppendor# tube and kept in an ice bath. After dilution
1:20 with 0.01 M phosphate bu#er: 0·15 M NaCl, pH 7.4 (PBS) containing 10 mM

PMSF and 0·05% bovine serum albumin, mucus samples were centrifuged
(10 000�g at 18� C). Blood samples were collected directly from the heart with
a Pasteur pipette, and transferred to a centrifuge tube to allow blood
coagulation and serum separation. Fish were dissected and tissue samples
from the gills, intestines and skin were removed and transferred to a test tube
with PBS containing gentamicin (200 �g ml�1) and kept in an ice bath. Bile
was collected with an insulin syringe and transferred to an Eppendor# tube
and kept in an ice bath. Intestine samples were opened longitudinally and the
mucus was removed with a cell scraper and processed in the same way as skin
mucosal samples.
PREPARATION OF IMMUNOGENS

The MCBP was isolated from A. veronii strain A186 culture supernatants by
precipitation with ammonium sulfate at 60–80% saturation (which yields a
48 kDa major protein band in SDS-PAGE), and used directly to vaccinate fish.
MCBP was also covalently coupled to cholera toxin B subunit (CTB) or to
Escherichia coli heat-labile toxin (hLT). Briefly, MCBP and the mucosal
adjuvants CTB or hLT were each coupled to SPDP at molar ratios of 1:30
(MCBP) and 1:10 (mucosal adjuvant) following the instructions of the manu-
facturer. Free SPDP was removed by gel filtration through a PD-10 Sephadex
column. The MCBP derivate was reduced with dithiothreitol in 0·1 M sodium
acetate bu#er, 0·1 M NaCl (pH 4·5). The resulting MCBP preparation was
incubated in equimolar proportions with the CTB or hLT derivative for 16 h at
22� C. The mixtures were dialysed extensively against PBS. The resulting
conjugate was evaluated for both GM1 ganglioside-binding capacity and for
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immunoglobulin-, lactoferrin-, mucin- and collagen-binding activity by ELISA
using GM1 as a solid-phase capture system, and with horseradish peroxidase-
labelled immunoglobulin, lactoferrin, mucin and collagen to MCBP as probes.
MCBP was mixed with the carbohydrate adjuvant MDP as recommended by
the manufacturer and kept at �20� C until use. MCBP was also adsorbed onto
latex beads (MCBP-LB) or covalently immobilised on carboxy-modified latex
beads (MCBP-CML) as previously described for the immobilisation of proteins
(Ascencio et al., 1990; Amini et al., 1995). For the passive adsorption of the
MCBP to latex beads, 1 ml of latex particle suspension was mixed with 3·0 ml
of 0·17 M glycine bu#er, pH 8·2 and centrifuged at 4500�g for 5 min, and the
pellet was resuspended in 3·0 ml of the same bu#er, 100 �g of MCBP was
added, and the mixture was kept at 30� C for 12 h on a horizontal shaker at
50 rpm. The mixture was centrifuged (9200�g for 5 min at 20� C), and the
supernatants were collected to quantitate the protein content. The pellet was
suspended in 2·0 ml of sodium bicarbonate bu#er and kept at 4� C until use, but
for each booster immunisation, fresh MCBP-coated latex bead preparations
were made. For the covalent immobilisation of the MCBP onto carboxy
modified latex beads, 100 �g of MCBP dissolved in 0·1 M sodium-potassium
phosphate bu#er, pH 8·2 were added to 1 ml of the bead suspension, previously
activated for 12 h at 4� C with 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
(2 mg in 1 ml of the phosphate bu#er). The latex bead suspension was
incubated for 12 h at 30� C. After washing three times with phosphate bu#er,
the covalently bound MCBP on the carboxy modified latex beads was resus-
pended in 2 ml of sodium bicarbonate bu#er and used as described above.

Bacterin vaccine was prepared by formalin treatment of A. veronii A186
cells grown overnight at 30� C in Luria Bertani broth. Cells harvested by
centrifugation and adjusted to 1010 cfu ml�1 were suspended in PBS contain-
ing 2% formalin and incubated overnight at 22� C. After four washings with
0·01 M ammonium bicarbonate, bacterial cells were suspended (108 cells ml�1)
in the same bu#er.
FISH VACCINATION

Groups of 10 fish were immunised with 20 �g of the following MCBP-vaccine
preparations (two replicas per vaccine preparation): (i) 0·01 M sodium bicarbon-
ate bu#er (bu#er), (ii) MCBP dissolved in 0·01 M sodium bicarbonate bu#er
(MCBP); (iii) MCBP covalently coupled to cholera toxin B subunit (MCBP-
CTB); (iv) MCBP covalently coupled to E. coli heat-labile toxin (MCBP-hLT);
(v) MCBP mixed with muramyl dipeptide (MCBP+MDP); (vi) MCBP passively
adsorbed on latex beads (MCBP-LB); (vii) MCBP covalently immobilised on
carboxy-modified latex beads (MCBP-CML); (viii) Formalin-killed A. veronii
cells (A186). Five hundred �l of vaccine was given orally to each fish by using
a 2 ml syringe coupled to a flexible plastic capillary tube. Fish were given a
booster by the same vaccination procedure 2 and 4 weeks after the first
immunisation.
ANTIBODY ASSAY

Levels of total and specific secretory immunoglobulin against MCBP
were quantitated by an enzyme-linked immunosorbent assay (ELISA). Skin,



MUCOSAL IMMUNE RESPONSE OF SPOTTED SAND BASS 119
intestine mucosal secretions, and bile and serum samples from the killed fish
were collected as described above. Secretory immunoglobulins in the mucosal
secretions, bile and serum were quantitated. Briefly, 96 well polyvinyl micro-
titre ELISA plates (Nunc Maxi Sorb) were coated with MCBP (10 �g in 100 �l
well�1) and blocked with 2% bovine serum albumin (BSA) in PBS. Subse-
quently, mucosal secretions (final dilution of 1:20, in PBS+2% BSA), bile and
serum (final dilution of 1:100, in PBS+2% BSA) obtained from individually
vaccinated fish were added to triplicate wells of the plates, and then incubated
at 37� C for 90 min. After washing, alkaline phosphatase-conjugated mouse-
anti-spotted sand bass immunoglobulins, prepared as described elsewhere
(Harlow & Lane, 1988), were added and the plates were incubated at 37� C for
90 min. After washing, 100 �l of a solution (1 mg ml�1) of the substrate
p-nitrophenyl phosphate in 10% diethanolamine was added to each well, and
the plates were read at 405 nm after incubation at 37� C for 1 h and stopping
the reaction by the addition of 100 �l of 2 M NaOH. The results are expressed
as the values of optical density multiplied by the dilution factor of each of the
sample fluids analysed.
ISOLATION OF LYMPHOCYTES

Blood and spleen leukocytes were obtained from fish by the method of
Greenlee & Ristow (1993). Heart blood was drawn into heparinised Pasteur
pipettes and immediately transferred to centrifuge tubes and diluted with PBS
1:10. Single-cell suspensions of spleens were prepared by gently pressing tissues
through 100 �m mesh screens into Petri dishes containing Hank’s balanced salt
solution (HBSS). Cells were centrifuged for 10 min at 300�g. Pellets were
suspended in 5 ml HBSS and transferred to 15 ml centrifuge tubes. Leukocytes
were separated from red cells by layering 10 ml of density gradient Histopaque-
1077 beneath the cell suspension and centrifuging samples for 30 min at 1500�g,
12� C. Cells banding at the medium–gradient interface were collected and added
to 40 ml of 0·87% ammonium chloride. After 10 min incubation at 22� C, cells
were centrifuged and washed twice with PBS and finally resuspended in RPMI
1640 medium containing 5% fetal calf serum (FCS). Fibrin tags were filtered
from spleen cell suspensions by quickly flushing cells through a 5 inch Pasteur
pipette plugged at the constriction with glass wool.
DETERMINATION OF ANTI-MCBP ANTIBODY PRODUCING CELLS IN GILLS, SKIN AND INTESTINE

OF VACCINATED AND NON-VACCINATED FISH

Epidermal lymphocytes were isolated using a novel enzymatic dispersion
technique as described for the isolation of antibody producing cells of mouse
intestine (Jackson et al., 1993). After collection of blood and skin mucus, the
gill, skin and intestine were dissected and treated with 0·1% sodium hypo-
chlorite for 3 min. After washing the tissues four times with sterile distilled
water, tissue preparations were incubated in 70% ethanol, and then washed
three times with distilled water and once with sterile PBS containing
gentamicin (200 �g ml�1). Tissue preparations were rinsed with PBS and cut
into pieces (0·1�0·1 mm). After two washes with 25 mM HEPES bu#ered
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Hank’s balanced salt solution (pH 7·4), containing 1 mM CaCl2 and 10 mM

dithiothreitol (extraction bu#er) (chilled at 12� C), the tissue fragments were
continuously mixed at 22� C in extraction bu#er containing thermolysin
(0·5 mg ml�1). After 30 min, the released cells were isolated by filtering the
suspension through a 150 �m nylon mesh. The remaining fragments were
further incubated, with continuous stirring at 37� C for 30 min, with dispase
(1·5 mg ml�1) in Iscove’s medium supplemented with 20% FCS. Single-cell
suspensions, obtained as described above, were pooled with thermolysin-
extracted cells and pelleted by centrifugation (1500�g, at 22� C). A single cell
suspension was obtained by filtration through a glass wool column. Cell
suspensions were diluted as necessary in RPMI 1640 medium with 5% FCS
(complete medium) before antibody production by single cells was assayed by
the use of a cell-based enzyme-linked immunospot assay (ELISPOT). Briefly,
96 well polyvinyl microtitre ELISA plates were coated with MCBP (10 �g in
each 100 �l well) and blocked with 1% BSA in PBS. Unadsorbed proteins were
removed by three washings with PBS, and the wells were filled with 200 �l of
complete medium and incubated at 37� C for 30 min. The contents of the wells
were replaced with 100 �l of complete medium containing di#erent numbers of
lymphoid cells. For each determination, duplicates of three di#erent cell
concentrations were assayed. Plates were incubated for 4 h at 22� C in a 10%
CO2 atmosphere and then 100 �l of PBS-Tween containing 1% FCS was added
to each well, after which mouse antibody to spotted sand bass immunoglobu-
lins, prepared as described elsewhere (Harlow & Lane, 1988), was added. After
90 min incubation at 22� C, plates were washed with PBS and 100 �l of rabbit
anti-mouse IgG conjugated with alkaline phosphatase (AP) was added to each
well. Plates were incubated at 4� C overnight and washed three times with
PBS-Tween, twice with PBS and twice with 0·05 M Tris-bu#ered saline, pH 8.
After washing, 100 �l of 5-bromo-4-chloro-3-indolylphosphate p-toluidine salt
solution (0·15 mg ml�1) was added to each well and incubated at 22� C for
20 min. Plates were washed with tap water and, after drying, the wells were
examined by microscopy (low magnification, �40) for the presence of blue spots.
EXPERIMENTAL A. VERONII CHALLENGE

In separate experiments, the immunoprotective activity of the MCBP-CTB
on spotted sand bass was evaluated in four 500 l tanks (replica), and each
replica was composed of 15 fish. The replicas of vaccinated and non-vaccinated
fish were challenged 2 weeks after the last booster vaccination by intraperi-
toneal inoculation of bacterial cell suspensions of A. veronii (LD50). Fish were
then transferred to aquaria containing fresh seawater and monitored daily,
and mortalities removed as they occurred. A. veronii infection was confirmed
bacteriologically by inoculation of dissected kidney and intestine material
onto McConkey ampicillin (200 �g ml�1) agar plates followed by incubation at
30� C for 24–48 h. The relative percentage survival (RPS) of the vaccinated fish
was calculated (Amend, 1981) using the following equation:

RPS=[1�(% mortality of vaccinated fish/% mortality of
non-vaccinated fish)]�100.
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Challenges usually lasted about 15 days and were concluded when four
consecutive days passed with no mortalities. At this time all the surviving fish
were killed by an overdose of anesthetic, and randomly selected samples from
kidney, intestine, heart and liver of challenged fish were also dissected for
histopathological analysis. The median lethal dose (LD50) was previously
determined to be approximately 105 cfu ml�1.
DATA PROCESSING AND STATISTICS

Block distribution e#ect of vaccine preparation and its replica was analysed
by a Barlett variance homogeneity test, followed by analysis of variance and
Duncan’s multiple range test, and correlation analysis using the STATISTICA
software. The same procedure was applied to the challenge studies of vacci-
nated and non-vaccinated fish, taking as statistical sample the four replicate
value estimated on a 500 l tank basis. Measurements were considered signifi-
cant if P<0·05.
III. Results
ANTIBODY TITRES

Antibody titres of spotted sand bass orally vaccinated with the various
preparations were assessed 20 days after the second immunisation (Fig. 1).
Neither serum, bile, intestine or skin mucus antibody titres against A. veronii
MCBP were significantly di#erent (P<0·05) between the vaccinated and
non-vaccinated fish groups. Only trends were observed (Fig. 1).
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Fig. 1. Secretory immunoglobulin titres in orally immunised spotted sand bass with
Aeromonas veronii-MCBP preparations (P<0·05). I, Control; bicarbonate bu#er; II,
MCBP; III, MCBP-CTB; IV, MCBP-hLT; V, MCBP+MDP; VI, MCBP-LB; VII,
MCBP-CML; VIII, formalin killed A. veronii cells. Each fish group consisted of
10 organisms (n=10), two replicas per vaccine preparation, and the data of each
column is the median value of ELISA performed in triplicate and its corresponding
S.E. (�), Serum; ( ), skin mucus; ( ), intestinal mucus; (�), bile.
ANTIBODY PRODUCING CELLS

The number of antibody producing cells of spotted sand bass orally vacci-
nated with the various preparations were assessed 20 days after the second



122 M. L. MERINO-CONTRERAS ET AL.
immunisation (Fig. 2). Fish immunised with the various MCBP-vaccine
preparations produced a significantly greater number (P<0·05) of antibody
producing cells as compared with non-vaccinated organisms (Fig. 2). Groups
of fish immunised with A. veronii MCBP covalently coupled to the B subunit
of cholera toxin (CTB) or E. coli heat-labile toxin (hLT) produced a larger
number of antibody producing cells (P<0·05) compared to fish immunised with
free MCBP or MCBP immobilised onto latex microspheres (Fig. 2).

Statistical analysis indicated that in some cases there is a significant
correlation (P<0·05) between the number of antibody producing cells in the
spleen and those in the intestine (R=0·99), and between the number of
antibody producing cells in the skin and those in the gills (R=0·99).
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Fig. 2. Antibody producing cells in spotted sand bass orally immunised with A.
veronii-MCBP preparations (P<0·05). I, Control, bicarbonate bu#er; II, MCBP; III,
MCBP-CTB; IV, MCBP-hLT; V, MCBP+MDP; VI, MCBP-LB; VII, MCBP-CML;
VIII, formalin killed A. veronii cells. Each fish group consisted of 10 organisms
(n=10), two replicas per vaccine preparation, and the data of each column is the
media value of ELISPOT performed in triplicate, and its corresponding S.E. ( ),
Intestine; ( ), spleen; ( ), gill; ( ), skin.
IMMUNOPROTECTION

As fish orally immunised with MCBP-CTB and with MCBP-hLT produced
the greatest number of antibody producing cells, groups of fish were immu-
nised with MCBP-CTB and challenged with A. veronii. Sixty percent of
control fish died and the relative percentage survival (RPS) of vaccinated fish
was 67%. In addition, histopathological studies revealed that non-vaccinated
fish developed several alterations in internal organs compared to those orally
immunised with A. veronii MCBP-CTB.

A histopathologic analysis of 10 random non-vaccinated and vaccinated fish
which survived the challenge showed that the major histopathological
changes observed in challenged non-vaccinated spotted sand bass with A.
veronii were an increased number of melanomacrophage centres and hemor-
rhage in the spleen; lysis and epithelial erosion in the intestinal mucosae;
severe necrosis, fibrinoid material, empty hepatocytes, and neutrophil infil-
tration in liver tissues; increase in the intercapsular space and hemorrhage in
the kidney (data not shown).
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IV. Discussion

The mucosal surfaces of fish skin, gills and gut are protected by both
humoral and cellular mechanisms (Peleteiro & Richards, 1985; Hart et al.,
1988; Rowley et al., 1988). Leukocytes are present in all parts of the teleost
digestive system, most extensively in the intestine, where lymphocytes, plasma
cells, granuloctyes and macrophages are present under the epithelium (Abelli
et al., 1997). Mucosal immunisation with lectins/adhesins of mucosal patho-
gens may induce antibody responses in secretions which inhibit the adhesion
of the organisms to epithelial surfaces. This approach has been successfully
demonstrated in eliciting immunoprotection against a number of bacterial
infections in mammals (Danve et al., 1993; Toida et al., 1997).

As adhesion of the bacteria to its host represents the initial step for the
colonisation, as well as establishment of the pathogen in a susceptible host
and the further development of an infection process, the possibility of
developing lectin/adhesin-based vaccines for prevention and control of micro-
bial infections in human and veterinary medicine, including fish farming, is
attractive (Gudding et al., 1999). In fact, oral and anal delivery of soluble and
particulate antigens has been reported to elicit systemic and mucosal immune
responses, both of a humoral and cellular type in fish (McLean & Donaldson,
1990; Jenkins et al., 1994b), indicating the possible existence of a common
mucosal immune system in fish similar to that in mammals (McGhee et al.,
1992; Jenkins et al., 1994a).

Results from the present study, supported by the immune response and
survival data, clearly demonstrate that oral immunisation of spotted sand bass
with A. veronii MCBP elicited a significant protective immunity against
experimentally induced A. veronii infections.

ELISA analysis of serum, bile, and skin and intestinal mucus secretions
indicate that there was no significant di#erence between the specific anti-
MCBP antibody titres of non-vaccinated and vaccinated fish. However, the
ELISPOT results suggest that, despite a possible deposition of the antigen in
the intestinal epithelium, there was a generalised mucosal immune response
because specific antibody producing cells were also detected in skin, gills and
spleen.

Analogous results were also reported by Davidson (1991) who found that no
intestinal mucus antibody could be induced, after the oral, bath or i.p. delivery
of keyhole limpet hemocyanin in rainbow trout despite considerable levels of
antibody producing cells being detected in the intestinal mucosa. However,
specific antibodies were found in bile and cutaneous mucus.

It is important to stress that in the present study, the sampling point for
both ELISA and ELISPOT analysis of the fish immune response was at 20 days
after the last booster. It seems that at the temperature used to maintain the
fish (24� C) 20 days is rather late for the peak day of the secondary antibody
secreting cell response, but probably much too early for the antibody response.
This may be one possible explanation why specific antibodies against A.
veronii MCBP could not be clearly detected.

Alternatively, immunoblot analysis with our polyclonal antibodies raised
against the 48 kDa MCBP of A. veronii, showed two major protein bands
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corresponding to the 48 kDa MCBP and a 34 kDa protein. Both of these
protein bands showed a$nity for horseradish peroxidase-labelled mucin,
lactoferrin, immunoglobulins and collagen. However, since the MCBP of A.
veronii binds immunoglobulins, we did obtain a high background when doing
ELISA. This immunoglobulin binding is reduced when the blocking bu#er
contains 2% bovine serum albumin, as was the case for all our ELISA.
However, in the ELISPOT assay it is possible that all the antibody secreting
cells were detected, not only those producing anti-MCBP antibody and the
e#ect of MCBP immunisation may have been to increase nonspecifically the
number of ASC in the various organs.

Several reports suggest that the humoral immune response is not as critical
as the cell-mediated immunity against A. salmonicida (Newman, 1993). Fur-
ther studies are needed to determine the participation of the cellular immune
system when spotted sand bass are orally immunised with A. veronii MCBP.
However, we may suggest from our results that the protection of spotted sand
bass against A. veronii appears to be due to the localised production of
antibodies at mucosal surfaces.

It may be possible that when a bacterium such as the Aeromonas species
produces several di#erent adhesion factors, the task of producing antibodies
to block all of them is more di$cult, if not impossible. Thus, a cell-mediated
immune mechanism of an immune elimination process may result in an
advantage for a host to eliminate microbial infections, as occurs in Bordetella
pertusis infections (Weiss, 1997). The question may arise whether spotted sand
bass orally immunised with the various A. veronii MCBP preparations could
develop immunological tolerance. It has been assumed that among nonliving
immunogens, only those with mucosal-binding, and possibly immunostimu-
latory properties, can induce local and systemic immune responses without
inducing systemic immunological tolerance when administered by a mucosal
route (Sun et al., 1994). However, oral administration of prototype antigens
conjugated to cholera toxin B subunit, rather than inducing systemic immune
responses, dramatically enhanced induction of peripheral tolerance to these
antigens (Sun et al., 1994).

Cholera toxin B subunit (CTB) and E. coli heat-labile toxin (hLT) have
been reported, in mammals, to be e#ective mucosal adjuvants and also to
allow generation of specific immune responses to orally delivered antigens
(Lycke & Holmgren, 1986; Nashar et al., 1996). Immunisation of spotted sand
bass with MCBP, covalently linked to either CTB or hLT, resulted in
significant (P<0·05) levels of antibody producing cells compared to fish
immunised with soluble antigen or immobilised MCBP on latex micro-
spheres, despite experimental evidence suggesting that particulated antigens
may be more immunogenic at mucosal surfaces than unmodified, soluble
ones (Rombout et al., 1989). Russell & La Regione (1997) reported that
antibody producing cell assays are more sensitive than serology (ELISA) for
detecting antibodies in koi carp (Cyprinus carpio L.�Carassius carpio L.)
and in goldfish (Carassius auratus L.) intraperitoneally injected with
Newcastle disease virus, suggesting that an antibody from a single antibody-
producing cell in vivo is diluted during the circulation before serum is
collected, whereas an antibody from a single antibody producing cell in vitro



MUCOSAL IMMUNE RESPONSE OF SPOTTED SAND BASS 125
is able to bind immediately to an antigen in an antibody producing cell
assay.

In conclusion, our immunoprotection studies indicated that oral admin-
istration of MCBP-CTB could be an alternative method to protect spotted
sand bass against Aeromonas infections.
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