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Abstract

This work reports prcliminary data on the application of a novel method, ultrasound. for the DNA vaccination of rainbow
trout. First, the best formulations were selected thal increased the transfer by immersion of a plasmid coding for the green
fluorescent protein (GFP) gene into trout fry. Quantification of GFP expression by fluorescence in the fin cells was used to study
time course, DNA concentration dependence and comparison of different formulations. The best GFP expression results were
obtained with short pulses ol ultrasound, DOTAP liposomes and recombinant bactcria or bactolection. Other liposomes or
microencapsulation formulations resulted in a GFP fluorescence similar to background values. Sccond, DNA immersion-vaccina-
tion of immunocompetent fingerling trout with the selected formulations was performed by using a plasmid coding for the
glycoprotein G gene of the viral haemorrhagic septicaemia virus (VHSV). The immunization of fingerling trout was cstimated by
measuring humoral antibody, lymphoproliferation and VHSV challenge responses. Short pulses of low intensity ultrasound were
the only method by which both humoral antibody rcsponses and survival after VHSV challenge were obtained. Immersion
DNA-vaccination using short pulscs of ultrasound could eventually lead to a practical way to vaccinate small fish. © 2001 Elsevicr

Science Ltd. All rights reserved.
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1. Introduction

Expression of the G protein from infectious haema-
topoietic necrosis virus (IHNV) [1] and viral haemor-
rhagic septicaemia virus (VHSV) [2], production of
trout antibodies against G [3] and trout protection
against viral challenges have been demonstrated follow-
ing intramuscular injection of plasmids coding for the
corresponding rhabdoviral genes [4-6]. However, prac-
tical injection-vaccination methods are restricted to
medium sized fish. To enable DNA-vaccination of
smaller fish, immersion-vaccination methods need to be
developed [7,8].

The protein G of VHSV induces trout neutralizing
antibodies [9] and T-cell immunoproliferation [10,11].

* Corresponding author. Tel.: + 34-1-3476850; fax: + 34-1-
3572293,
E-mail address: collgeinia.es (J.M. Coll).

However, recombinant protein G conferred low protec-
tion to VHSV challenges when expressed i Escherichia
coli [12], Aeromonas salmonicida [13] or Yersinia ruckeri
[10]. Furthermore, only moderate protection was ob-
tained when cxpressed in insect [14] or in yeast [10]
cells. Successful DNA-vaccination against the VHSV
disease, which causes 1mportant economic losses
throughout the world, is therefore one of the expecta-
tions of this new technology.

A model to study DNA immersion-vaccination was
recently described [15] using trout fry and plasmid
coding for the green fluorescent protein (GFP) [16,17].
This work quantifies expression of GFP in the fins of
trout fry, which depends on time course. DNA concen-
tration and formulation. With the best lormulations.
DNA mmmersion-vaccination of fingerling trout with
the protein G gene of VHSV showed that short pulses
of low intensity ultrasound obtained a significant hu-
moral antibody response and 50% protection against
VHSYV challenge.
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2. Material and methods

2.1, Plasniid constructs and large scale preparation of
plasmics

The plasmid coding for the GFP, cloned downstrcam
of the cytomegalovirus (CMV) promoter (pQBIss.
Quantum Biotech. Inc., Montrevil-sous-bois, France)
was used for the experiments in trout fry species. The
plasmid G3-pcDNAI/Amp coding for the glycoprotein
G gene of the VHSV (French isolate 07.71) [22] de-
seribed before {15] was used for the cxperiments in
tingerling trout. The plasmid constructs were trans-
ferred and multiplied in thc E.coli strains XL2 or
ToplOF, respectively. Large amounts of plasmids were
prepared from recombinant E.coli pellets obtained by
centrifugation at 10000 x ¢ during 20 min ol bacteria
cultures from fermentation of 12 | using the Wizard
plus Megaprep DNA purification system (Promega,
Madison, USA). Plasmid solutions were adjusted to |
mg/ml of tota] DNA (absorbance at 260 nm). Plasmid
DNA contained 70-90% of GFP-pQBIl,5 or G3-peD-
NAI/Amp depending on the preparation as shown by
agarose gel electrophoresis, the rest being other con-
taminant bacterial DNA. Epithelial papulosum cyprini
(EPC) cells transfected with the GFP-pQBI, 5 plasmd
showed green tluorcscence and transfected with the
G3-pecDNAIL/Amp plasmid showed G expression as
shown by cytofluorometry by using the anti-G VHSV
monoclonal antibody 3F1A12 [15].

2.2, Plasmid formulations for the immersion method

Formulations tested were short pulses of ultrasound,
DOTAP liposomes, ¢xposure to recombinant bacteria
or bactofection, microencapsulation and fugene lipo-
somcs. For the ultrasound formulations, a 250 ml cylin-
drical bath sonicator of 8 x 5 em (Selecta. Barcelona,
Spain) at 40 W and 40 kHz was used. For the trout fry,
we used two short pulses of 1 s, followed by addition of
the plasmid and two additional short pulses of 1 s. For
the fingerling trout, we used two short pulses of 10 s,
followed by addition of the plasmid and two additional
short pulses of 2 s. The trout were allowed to rest | min
between pulses. For the DOTAP (1.2, dioleoyl-3-4
trimethyl ammonium propane) (Avanti Polar Lipids,
Alabaster, AL, USA) formulations, we used 20 mM
DOTAP, 20 mM cholesterol and 20 mM phosphatidyl-
choline. The lipid-dried mixtures were, sonicated and
lyophilized with 20200 pg of DNA. They were recon-
stituted with water-glucose just prior to use according
to the earlier reported preparation methods [18]. For
the bactofection formulations, the E.cofi XL2 contain-
ing the GFP-pQBIl.; or E.coli ToplOF containing the
G3-pcDNAIL/Amp plasmids were added to the trout at
several (see Figures) concentrations (5 g recombinant
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E.coli pellets were equivalent to 5 ng of plasmid). For
the microencapsulation formulations, copolymers of
vinylpyrrolidone and dimethylacrylamide were used at
1 mg/mi {19]. For the fugene formulations. fugene-6, a
commercial liposome (Roche, Barcelona, Spain) was
used at 8 pl/ml. Transfection of EPC cells was obtained
with fugenc-6 with greater efficiency [20]. As a positive
control, trout fry were intramuscularly injected with 1
pug (1 pl per trout) of GFP-pQBIL,; DNA using a 10 pul
Hamilton Syringe {2].

2.3. Trout fry immersion assays

Five trout fry (Oncorliynchus nivkiss, Walbaum) of
0.2-0.5 g body weight (Las Zayas, Leon, Spain) was
maintained in a beaker with 20 ml of aquarium water at
10°C with the GFP-pQBI,; + formulations. For the
ultrasound trcatment, the beaker was maintained inside
a cylindrical bath sonicator (Electra, Barcelona, Spain)
filled with 150 ml of water. After an exposure of 4 s for
sonication or 30 min for the rest of formulations, trout
fry were then placed in 500 mil beakers filled with
aquarium water and maintained at 4- 10°C for 1--3
weeks. Three trout fry per experimcntal point were
sclected and analyzed for GFP expression. The plasmid
DNA remaining in the water after trout fry immersion
showed no variations in the amount or band patterns as
shown by agar electrophoresis (not shown).

2.4. Fluorescence assays for GFP

Two days after immersion in the plasmid DNA, the
fish were anaesthetized with 20 mg/l of MSS-222 (3-
aminobenzoic ac.ethyl ester. Sigma Chem. Co., St.
Louis, MO, USA), placed on a microscope slide and
their caudal fins covered with a coverslip. Caudal fins
were then examined and photographed at 40 x (CC-
DOPS program VSSS2.1) using a Nikon Diaphot in-
verted microscope fitted with a mercury lamp using a
FITC filter set (DM510 B-2A) and a SBIG ST-7 cam-
era (Santa Barbara Instrument Group, St. Barbara,
CA, USA). Identical fluorescent background and range
values were chosen for comparison between the differ-
ent photographs. Three trout per experimental point
were examined. Three photographs of the caudal fins
were made from cach trout. Absolute fluorcscence val-
ues were measured in each of the individual cells (50—
120 cells per photograph) by defining a square of 3 x 3
(CCDOPS program St Barbara Instrument Group,
Santa Barbara, CA, USA.) corresponding to about 9
um?. Background fluorescence was calculated as the
average of the absolute fluorescence values obtained
from five melanomacrophages in the same photograph
(melanomacrophages were never fluorescent). Results
were expressed as relative fluorescence by the formula,
fluorescence in cell — background fuorescence/back-
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ground fluorescence x 100. Significant fluorcscent was
defined in those cells with a relative fluorescence above
that of the cells from trout not exposed to plasmid
{average relative fluorescence + 2 x standard deviation
(S5.D.)). The fluorescent cells with a significant fluores-
cence value were counted and expressed as the percent-
age of the total fluorescent cells (150-350 cells per
experiment) (Fig. 1). Curve smoothing of some data
was performed for clarity purposes according to the
least squares averaging method by using the FigureP
program (Biosoft, Cambridge, UK).

2.5. Cells and VHSYV virus for the challenges

EPC cells [21] were grown at 28°C with RPMI Dutch
modified cell culture medium buffered with 20 mM
HEPES and supplemented with 10% fetal calf serum
(FCS). The VHSV-07.71 isolated in France {rom rain-
bow trout was grown, an assayed for infectivity in EPC
cells [22].
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Fig. 1. Quantification of [luorescence in the caudal 1in cells of trout
fry exposed to GFP-pQBI.s + ultrasound. Trout fry were immersed
in a GFP-pQBI,< + ullrasound (as detailed in Section 2). Three ficlds
{rom the fins of each ot the trout fry from thrce Irout per experiment
were photographed at 40 x . The fluorescence {rom each of 60 -120
cells per trout was estimated 2 days after immersion by using the
CCDOPS program. Each point in the figure represents one cell. Cells
from cach trout are separated by an empty vertical space. Results
were expressed by the following formula: fluorescence of cach celliav-
crage fluorescence of the cells in trout ry not exposed to plasmid x
100. The horizontal dashed line represents the average relative
fluorescence of group A +2 S.D. <, A, ultrasound (n=212). [, B.
10 pg/ml of G3-pcDNAI/Amp + ultrasound (n = 210). ¢, C. | pg'ml
of GFP-pQBl,s+ ultrasound (17 =184). @. D. 10 pg/ml of GFP-
pQBI-; + ultrasound cclls (7 = 366). At the 0.01 level, the mcans of
A, B or C were not signilicatively dilferent but different {rom D,
assuming a normal distribution as calculated by the 2-population
t-test (OriginLab Corporation. Northampton, MA. USA).
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2.6. Immersion vaccination and challenge of fingerling
troul

About 20-30 fingerling trout of 5-7 g body weight
(El Molino, Madrid, Spain) were placed with 100 ml of
aquarium water with strong aeration (total volume
~ 250 ml) during 24 s for ultrasound or 30 min for the
rest of formulations. Trout werc then released into 30 1
closed-system aquaria maintained at 10°C. One month
later, VHSV was injected to each trout (100 ul contain-
ing 10°- 107 plaque forming units of VHSV per trout)
and mortalities recorded during the next 30 days. Con-
trol aquaria containing non-vaccinated trout were in-
cluded in cach of the experiments. Relative percent
survival (RPS) was calculated by the [ollowing formula.
1 — mortality of trout treated with plasmid formula-
tions/mortality in non-vaccinated trout x 100.

2.7. ELISA

To assay for trout anti-viral G antibodics,
polystyrene plates of 96-wells (Dynatech, Plochingen,
W. Germany) were coated with | pg of purified G4 or
2 pg of purified frg # 11 per well in 100 pl distilled
water overnight at 37°C. G4 is a recombinant protein
from the protein G of VHSV from aa 9 to 443 madc in
yeast as described before [10]. Frg# 11 is a recombi-
nant peptide from the protein G of VHSV from aa 56
to 113 made in E.coli as described before [23]. Serum
was obtained from threc to six trout 1 month after
immersion-vaccination and | day before VHSV chal-
lenge. The trout antibodies were three-fold serially di-
luted from 20 to 2500 fold in dilution buffer (130 mM
NaCl, 8 mM Na,HPO,, 1.4 mM KH,PO,, (.24 mM
merthiolate, 5 g/1 bovine serum albumin (BSA), 0.3%
rabbit scrum, 0.5 g/1 Tween 20. 50 mg/1 phenol red. pH
6.8). The plates were incubated for 60 min at room
temperature with 100 ul per well of diluted trout anti-
bodies. After they were incubated during 30 min with
anti trout immunoglobulin  monoclonal antibody
(MADb) IG7 [24]. Other details as described before [25].

2.8. Neutralizution assays

To assay for trout anti VHSV neultralizing antibod-
ies, 10* TCIDs, per ml VHSV 07.71 were incubated
overnight at 4°C with three-fold serial dilutions of the
trout serum. Trout scrum was obtained from three to
six trout 1 month after immersion-vaccination and 1
day before VHSV challenge. Then the virus antibody
mixtures were added to monolayers of EPC cells in
96-well plates, adsorbed during 2 h at 14°C and incu-
bated overnight at 14°C. The VHSV infected EPC
monolayers were then fixed during 10 min in cold
methanol and air dried. To detect the N antigen of
VHSV, the MAb 2C9 [25] was uscd. Other details as
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described before [26]. The absorbances were measured
at 492-620 nm at several serum dilutions, the 36-fold
dilutions were chosen for further analysis. The results
are expressed as relative absorbance = absorbance of
each serum/average absorbance of control serum x 100.
Control scrum were obtained from phosphate buffered
saline (PBS) injected trout for the injection control or
no plasmid exposed trout for the immersion control
(three trout per experiment).

2.9. Lymphoproliferation assays

To assay for trout ccllular immune responses, kidney
cells were extracted [11] {tom three to six trout [ month
after immersion-vaccination and 1 day before VHSVY
challenge. They were incubated during a week with |
pg/ml of G4 at 20°C. Proliferation was estimated by
using tritiated thymidine as described in detail earlier

[11].

3. Results
3.1. Trout fry experimernts

Two days after exposure to GFP-pQBI,s + ultra-
sound, GFP-pQBIl.; + DOTAP liposomes, or GFP-
pQBI, + recombinant E.coli (bactofection), trout fry
fins showed abundant fluorescent spots of 10-20 pm of
diameter brighter than background, confirming the re-
sults reported before by using GFP-pQBIl,; + DOTAP
[15]. No cell fluorescences higher than background were
obtained by using GFP-pQBIl.; and either microencap-
sulation in copolymers of vinylpyrrolidone or complex-
ing with Fugene-6 (not shown). Fig. | shows a
representative experiment obtained from trout exposed
to GFP-pQBI,;+ ultrasound. We assigned a relative
fluorescence of | -+ 0.3 (number of cells, n = 212) to the
average absolute fluorescence of the fin cells measured
from ultrasound cxposed trout not treated with GFP-
pOBL,; (control of relative fluorescence). Relative
fluorescences of 0.96 +0.2 (n=210) and 1.06+0.3
(n = 366) were then calculated when trout were exposed
to 10 pg/ml of G3-pcDNAL/Amp (a plasmid coding for
a nonfluorescent protein) + ultrasound or to 1 pg/ml of
GFP-pQBI,; 4 ultrasound. In contrast, a relative
fluorescence of [.740.5 (n=2366) was obtained by
using 10 pg/ml of GFP-pQBI,, + ultrasound. To best
show the differences between both kinds of results we
compared the percentage of fluorescent cells with rela-
tive fluorescences higher than the average fluorescence
of control+2 S.D. (90% of significance assuming a
normal distribution). Thus, whereas ultrasound only
control, 10 ug/mli of G3-pcDNAI/Amp + ultrasound
exposed or | ug/ml of GFP-pQBI,; + ultrasound ex-
posed trout showed 5.1, 0.4 or 7.6% of the cells with a
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% of celis with relative fluorescence > X+20¢

0.1 1 10 100
Concentration of pQBI25—-GFP, ug/ml

Fig. 2. GFP fluorescence in the caudal lin cells of trout fry and its
dependence of immersion in GEP-pQBI, concentrations + formula-
tions. GFP-pQBIL,; was used for immersion at diflerent concentra-
tions with different formulations. The caudal fins of the trout were
examined after 2 days. The percentages of fluorescent cells with
fluorescence values greater than 90%, of the cells in the control are
represented (average. x +2 S.D.. 0). Some of the results were best
fitted into a curve for clarity purposes, curve smoothing by the lcast
squares averaging (FigP program Biosoft, Cambridge, UK). @ — @,
GFP-pOQBl,; + ultrasound. - -7, GFP-pQBIl,; + DOTAP. [ —
[, GFP-pQBIl.s + bactofection. A — /v, immersion in GFP-pQBI,s.

fluorescence valuc above the significant relative fluores-
cence, respectively, trout exposed to 10 pg/ml of GFP-
pQBIl,; + ultrasound showed 50.2% of the cells with
fluorescences equal to or higher than the threshold of
significant relative fluorescence value (Fig. 1). There-
fore, this parameter was used throughout the experi-
ments to quantitate and to compare the influence of the
variables when using different immersion concentra-
tions, exposure times and/or formulations.

Fin cells with significant relative fluorescences were
obtained after immersion in 10 pg/ml of GFP-
pQBI,; + ultrasound, 10 pg/ml of GFP-pQBI,s+
DOTAP or 10 pg/ml of GFP-pQBI,; + bactofcction.
For each of the three immersion methods, higher or
lower DNA concentrations, resulted in a lower percent-
age of cells with significant relative fluorescences (Fig.
2). Immersion in 10 pug/ml of GFP-pQBI-; resulted in
no significant relative fluorescences above background
(< 10% of the cells).

The percentage of cells with significant relative
fluorescence remained at about 35% from 2 to 20 days
when trout were exposed to 10 ug/ml of GFP-
pQBIL;s + ultrasound  (Fig. 3). lmmersion in GFP-
pQBI,; + DOTAP induced about 40% of significant
relative fluorescent cells after 2 days but 7 days later
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only background fluorescences were obtained. Immer-
sion in GFP-pQBI,5 4+ bactofection also induced about
40% of fluorescent cells after 4 days but most of the
trout died thereafter. Only 3-12% of the fluorescent
cells showed significant relative fluorescences from 0 to
20 days when trout were immersed in GFP-pQBIl--.

3.2, Fingerling trout experiments

Immersion in G3-pcDNAI/Amp with the best im-
mersion formulations selected above (ultrasound,
DOTAP or bactofection) was then performed with
larger immunocompetent fingerling trout. The experi-
ments included aquaria with trout injected with G3-
pcDNAI/Amp, thus providing a positive control to
interpret the results, since this method has been shown
to immunize and protcct fingerling trout [2,5,6]. Aquar-
ium containing trout not exposed to any plasmid but
treated with the formulations or immersed in G3-peD-
NAI/Amp was also included.

One month after immersion-vaccination and 1 day
before the VHSV challenge, serum and kidney cells
from three to six fingerling trout per aquarium per
experimental point were removed and assayed for anti-
G VHSV trout serum antibodies by ELISA, VHSV
neutralizing trout serum antibodies and trout kidney
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Fig. 3. Time course of GFP fluorescence in the caudal fin cells of
trout fry after immersion in GFP-pQBI,; lormulations. GFP-pQBI,;
was used at 10 pg‘ml Five trout fry were exposed to immersion
formulations at cach time point und three of them were examined for
fluorescence. The percentages of (luorescent cells with fluorescence
values greater than 90" of the cells in the control are represented
(average, x + 2 S.D.. 0). Some of the results were best fitted into a
curve for clarity purposes, curve smoothing by the least squarcs
averaging (FigP program Biosoft, Cambridge, UK). @- @, GFP-
pQBIL,; + ultrasound. < —<. GFP-pQBl.; + DOTAP. 1 [,
GFP-pQBI,; + bactotection. ~— /o, GFP-pQBI,s.

Table 1

Anti-G4 and anti-Frg # ] antibodics in serum from trout immunized
by immersion in G3-pcDNAI/Amp +tormulations detected by
ELISA®

Plasmid + formulation Relative absorbance

Frg # 11 plates

G4 plates

G3-pcDNAT'Amp
+ ultrasound
G3-pcDNAI/Amp

13405(9)2 41+1.99)2

0.9+0.1(12)3 1.740.7(9) 2

+DOTAP
G3-pcDNAT/Amp 0.8+0.2(12)2 "
+ bactofection
G3-pcDNALAmp 1.44+06(9)2 1.6+-03(Y)2

G3-pcDNAL/Amp
+injection®
pcDNAI'Amp +injection? 1.2 +0.1 (18) 3

1.8 +0.7 (21) 3 22+04(24) 3

0.8+02(12)2

“Trout were immersed in 10 pg/ml of G3-peDNAL'Amp and
serum was obtained 1 month after vaccination and | day before
challenge. Plates were coated with 1 pg per well of G4 or Frg # 11,
Results arc expresscd in relative absorbances to control scrum ob-
tained either from PBS-injected trout for injection or from no plas-
mid-exposed (rout for immersion (three trout per control). Results
are expressed as the average and standard deviation from a total of »
trout (number of parenthesis) obtained from different experiments,
three to six trout per experiment (number alter the parenthesis).
Results arc in bold when the means were significatively different from
the G3-pcDNAI/Amp controls (P<0.01), assuming a normal distri-
bution as calculated by the 2-population 7-test (OriginLab Corpora-
tion, Northampton, MA, USA).

®Not done

¢ Injection of 1 pg of G3-pcDNAIL/Amp per trout.

4 Injection of 1 pg of pcDNAIl'Amp per trout.

cell immunoproliferation. Table 1 shows that the
highest anti-VHSV frg# 11 G antibody titres were
obtained with serum from trout immersed in G3-pcD-
NAIL/Amp + ultrasound (4.1 4+ 1.9) or injected with G3-
pcDNAL/Amp (2.2 4+0.4). No VHSV G4 significant
ELISA antibody titres were obtained with any of the
sera examined (n = 81) from either the immersed or the
injected trout (Table 1). No VHSV neutralizing trout
antibodies could be detected in any of the serum exam-
ined (n = 154) from either the immersed or the injected
trout (results not shown). In contrast. to the above
referred results pooled serum from two adult trout
injected with purificd VHSV [27] showed an ELISA
titre of 8.8 &+ 1.5 and 100% of neutralization at a dilu-
tion of 1,200 (data not shown) in parallel ELISA and
neutralization assays. respectively.

The immunoproliferation index of trout lymphocytes
immunized with G3-pcDNAI/Amp + ultrasound (1 +
0.1, n = 3), G3-pcDNAI/Amp + bactofection (1.2 + 0.1,
n=2), G3-pcDNAI/Amp + DOTAP (24 + 1.4, n=3),
G3-pcDNAIL/Amp (1.4 +£0.2, n = 3), were not different
from either trout immersed in PBS (0.7 +0.2, n = 3), or
injected with PBS (2.240.7, n=6) or injected with
G3-pcDNAT/Amp (2.3 4+ 1.9, n=9).
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Fig. 4 shows the time course of average relative
percent mortalities (RPM, expressed in %) after VHSV
challenge in immerscd-vaccinated trout in two different
experiments. To rule out a possible non-specific re-
sponse despite the time lag between formulation cxpo-
sures and challenges. trout exposed to formulations
alone or to formulations 4+ pcDNAI‘Amp werc in-
cluded in some of the experiments. The RPM were not
different from plasmid cxposed controls (not shown).
The rate of mortality m non-vaccinated trout was
highest 5-10 days after challenge as typical of VHSV
nfections, Trout injected with G3-pcDNAT/Amp or
exposed to G3-pcDNAI‘Amp -+ ultrasound gave the
lower rates of mortalities. Trout not exposed to plas-
mid, not exposed to plasmid but only to lormulations
or injected with PBS (¢ontrols used to calculate RPM),
exposed to G3-pcDNAIL/Amp, exposed to G3-pcDNAT/
Amp + DOTAP or exposed to G3-pcDNAIT/Amp +
bactofection gave the highest mortalities.

Table 2 shows the combined final relative percent
survival (RPS) from three different experiments (the
time course in one of them was not followed up). Trout
injected with G3-pcDNAT/Amp (71.5%) or exposed to
G3-pcDNAIT/Amp + ultrasound (50.1 £ 3.2%0) gave an
statistically significant higher rate of survival than trout

100 100
>
a
€ s} - 80
v
[}]
=
«©
T 60 - 60
=)
E
-
=
S 40+ - 40
[
]
a
2
Z 20 - 20
3
[:}]
@

0 T 0 o .l T 0

0 5 %0 15 20 25 30 35 40
Days after VHSY challenge

Fig. 4. Time course of the relative percent mortalities (RPM) of DNA
immersion-vaccinated fingerling trout after challenge with VHSV.
About 20 [ingerling trout pev aquarium were immersion-vaccinated
with G3-pecDNAT:Amp + formulations. Thirty days later the trout
were challenged with VHSV. Mortalities in control not exposed to
plasmid fngerling trout were 100 and 87.5%. respectively. Relative
percent mortalities (RPM) were calculated by the formula. mortality
of fish treated with plasmid formulations/mortality in control not
exposed to plasmid fingerling x 100. Averages and standard devia-
tions (vertical lines in each point) from the two cxperiments were
calculated. @ — @, G3-pcDNALAmp + ultrasound. . — &0 G3-
peDNAL'Amp + DOTAP. - 5. G3-pecDNAT Amp + bactolec-
tion. & - AL G3-pcDNATAmp. — L intramuscular injection of 1 pg
of G3-pcDNATL:Amp per trout.
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Table 2

Relative percent survival (RPS) of fingerling trout after VHSV chal-
lenge | month after immersion-vaccination in G3-pcDNAI/Amp+
formulations®

RPS (number of r
cxperiments)

Plasmid + formulation

(

0.1 +3.2(3) <0.01

G3-pcDNATLAmp 5
i ultrasound

G3-pcDNAIL Amp 12.3=10.9 (3) =>0.01
+DOTAP

GilpcDNAT Amp 20.7 + 4.0 (2) =0.01
+ bactofection

G3-peDNATAmp 88 +0.5(2) >0.01

G3-pcDNALAmp 715 (1) <0.01

+injection®

“About 20 trout (5-[0 g body weight per trout) per treatment
point per aquaria were immcersed into 10 ugml of G3-pcDNAL Amp
and several formulations. One or two non-vaccinated (either not
exposed (o plasmid or injected with PBS) control aquaria were
included in each of the threc experiments to calculate RPS. Mortality
in non-vaccinated aquaria was 100, 87.5 and 63.6%. respectively, for
each of the three experiments used for the calculations. The experi-
ment with mortality 63.6% was not included in the time course Fig.
4 because only final mortality could be measured. Averages and
standard deviations were calculated for the number of experiments
shown under parenthesis. Results are in bold when the means were
significatively different from the G3-pcDNAT'Amp control (P <0.01).
assuming a normal distribution as caleulated by the 2-population
r-test (OriginLab Corporation, Northampton. MA, USA).

" Injection of 1 pg of G3-peDNAI/AMP per trout.

not exposed to plasmid (0%), injected with PBS
(0%%). cxposed to G3-pcDNAI/Amp (8.8 +0.5%). cx-
posed to G3-pcDNAI/Amp + DOTAP (12.3410.9%
or exposed to  G3-pcDNAI/Amp + bactofection
(20.7 - 14.0%)). The combination of G3-pcDNAI/
Amp + ultrasound + DOTAP (04) or G3-pcDNAI/
Amp + ultrasound + bactofection (14.3%) produced
RPS statistically similar to the non-vaccinated controls
{not shown).

4. Discussion

The results show that fingerling trout (minimal size
trout can be vaccinated) were immunized and protected
against VHSV by using DNA immersion-vaceination
and ultrasound. With short pulses of low intensity
ultrasound. the longest duration of GFP expression in
the fins of trout {ry correlated with the highest titre of
VHSV immunization and with 50.1% protection to
VHSV challenge in fingerling trout.

By comparing the three methods, the longer the
duration of GFP expression in the trout fry the more
reproducible the immunization, the best antibody re-
sponse and the best protection against VHSV in finger-
ling trout. Therefore, the results with trout fry
experiments with the GFP gene had a predictive value
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immersion DNA vaccination could afford a good pro-
tection much more eastly than injection DNA
vaccination.

Since the data on protection of trout after ultrasound
vaccination are preliminary, more work remains to be
done to explore this and other possibilitics, nevertheless
immersion DNA-vaccination using ultrasound could
eventually lead to a practical way to vaccinate small
fish.
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