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Abstract 

This work reports prcliminai-y data on Llie application of a novcl mcthod, ~iltrasound. for thc DNA vaccination of riiinbow 
trout. Firsl, the best form~ilations were selected thal increased the transfcr by imniersioii of a plnsmid coding for ihc green 
fluorescent protcin (GFP) gene into troul fry. Quantitication of G F P  expression by fl~ioresccncc in tlie fin cells was used to sliidy 
time course. DNA concentration dependence and cornparison of differciit foi-mulatioris. The best G F P  expression resiilts \vere 
obtained with short pulses ol' ~illrasouiid. DOTAP liposoiiies nnd recombinant txictcria or baclolection. Otlier liposomes or 
microencaps~ilation formulations resulted in a G F P  fluorescencc similar to background values. Sccond, DNA iinniersion-vaccin>~- 
tivn of imniunocoriipetent fingerliiig trout with tlie selecled I'oi-iiiiilations was pcrfoi-med by iising n plasniid coding for thc 
glycoprotein G gene of the viral haemorrhagic seplicaeinia virus (VHSV). The irnmunirntion of fingei-ling lrout was cstirnated bk 
measuring humoral antibody, lymphoproliferntion and VHSV cliallenge responses. Short p~ilses of IOM intensity ultrasound were 
the only method by which both h~imoral antibody rcsporises ;iiid survival after VHSV challenge Mere obtaincd. Immersion 
DNA-vaccination iising short pulsc.; of iiltr;isouiid could eveni~ially lead to n prnctical way to vaccinate small fish. (C 2001 Elscvicr 
Science Ltd. All rights reserved. 

K-ii.o,rl.r: D N A  imniersion-vacciiiii11011: Llltrasouiid; Trout: Viral hacnivrrhagic sl-ptic;ieriiia 

Expression of  the G protein f r o m  infectious Iiaenia- 
topoietic necrosis virus ( I H N V )  [ l ]  a n d  viral haei-iior- 
rhagic septicaemia virus (VHSV) [2], production of  
trout antibodies agaiiist G [3] a n d  t rout  protection 
against viral challenges have been den-ionstrated follow- 
ing intramuscular injectioii of  plasmids coding Sor Lhe 
corresponding rhabdoviral genes [4-61. However. prac- 
tical injection-vaccination methods a r e  restricted t o  
niediiim sized fish. T o  etiable DNA-vaccinat ion o f  
smaller fisli, in-imersion-vaccit-i¿~tion methods  need t o  be 
developed [7,8]. 

The  protein G of V H S V  induces t rou t  neutralizing 
antibodies [9] a n d  T-cell immunoproliferatiuritio~ [10,11]. 
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However. recombinant protein G conferred low protec- 
tion to  VHSV challenges whcn expressed i i l  Esc,he,-iclriu 
coli [12], Aerorrrotza.c sult~iorzic~iclu [13] o r  Yersiiriri ~,uc,kcri 
[lo].  Furthermore,  only moderate  protectioii was ob-  
tained when cxpressed in insect [ I I ]  o r  it-i yeast [ lo]  
cells. Successful DNA-vnccinntion against the VHSV 
diseasc, wliicli causes itnportant economic losses 
throughout  the world, is therefore one o f  the expecta- 
tions of  tliis new technology. 

A model  t o  s tudy D N A  immersion-vaccination was 
i-eceiitly described [15] using t rou t  fry a n d  plasinid 
coding for Lhc green fluorescent prolein ( G F P )  [16,17]. 
This  work quantifies exprcssioii o f  G F P  ii i  tlie fins of 
t rout  fry, which depends o n  time course. D N A  coiicen- 
tratioti a n d  formulation. With t h e  best Iorniulations. 
D N A  itiln~ersion-vaccination OS fingerling t rout  with 
t h e  protein G gene of  V H S V  showed that  short  pulses 
of  low intensity ultrasound oblaitied a significant hu-  
mora l  antibody response a n d  50%) protection againsl 
VHSV challenge. 
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2. Material and methods 

Tlie plasmid coding Sor the GFP,  cloiied downstrcan-i 
of the cytoiiiegalovirus (CMV) promoter (pQBI?,. 
Quantuin Biotccli. Iiic.. Moiitrevil-SOUS-bois, France) 
Mas used Sor ihe cxperiiiicnts in trout fi-y species. The 
plasmid G3-pcDNAI Aiiip coding for thc glycoprotein 
G gene of the VHSV (Fi-eiicl-i isolatc: 07.71) [22] de- 
scribcd before [15] \vas ~iscd foi- tlie cxperiments in 
tingerliiig troiit. Tlie plasinid constructs wcre trar-is- 
feri-ed 2iiid inultiplied in thc E.c.oli strains XL2 os 
Topl OF, respectively. Larpe ainounts of pl:isti-iids were 
pi-epared Sroiii recoii1bin;int E.c,oli pellets obtained by 
cciitrilug;ition ¿it 10000 x g duriiig 30 niii-i 01' bacteriu 
cultiires froin l'ei-incntation of 12 1 iising tl-ie Wizard 
plus Megnprcp DNA piiritication system (Promega. 
Madison, USA). Plasiiiid solutions were adjusted to 1 
mg ni1 of total DNA (absorbaiice at 360 nin). Plasmid 
DNA coiitaiiied 70-901X, of GFP-pQBI,, or  G3-pcD- 
lUAl Amp depeiiding on tlic picparation as shown by 
agarose gel electruplioresis, tlie rcst being other coii- 
taiiiinaiit bacteria1 DNA. Epitlieliol papulosum cyprini 
(EPC) cells traiisfccted uith tlie GFP-pQBIl5 plasmid 
shomcd green Huorcsceiice aiid transfected witli tlie 
G3-pcDNAI Aiup plasrnid showed G expressioii as 
slio~\rii by cytofluoronietry by ~isiiig the anti-G VHSV 
iiionucloiial antibody 3F1 A12 [15]. 

Foi-iii~ilaiioiis tcsted were sliort pulses of ulii-asound, 
DOTAP liposoiiies, exposurc to recoinbinant bricteria 
or bactofection, mici-oencapsulation and fiigeile lipo- 
sonics. Foi- the iilti-usound fornlulatioi~s, a 250 inl cylin- 
di-ical bath soiiicator of 8 x 5 cin (Selecta. Barcelona. 
Spitin) at 40 W ~iiid 40 kHz was iised. For the trout fry. 
LYC L I S C ~  two sliort pulses of 1 s, followed by addition of 
tlie plasmid and ti4.o additionnl short pulses of 1 s. For 
tlie tingerliiig troiit. wJe iised two short pulses of 10 s. 
Solloned by ndditioii of the plasmid itiid two additional 
sliort pulses of 3 s. Tlie trout were allowcd to i-est 1 niin 
betwcen pulses. For the DOTAP (1.2, dioleoyl-3-4 
triiiietliyl aniinoiii~ini pi-opuiie) (Avanti Polar Lipids, 
Alabaster, AL<, USA) foi-inulrttions, \.ve used 20 mM 
DOTAP. 20 mM cliolesterol and 20 mM phosphatidyl- 
cl-iolinc. Tlie lipid-di-ied rnixt~ires weie, sonicated and 
lyophilizcd with 20-200 11g of DNA. They were recon- 
stitiited witli water-glucose just prior to use according 
to tlie earlier reported prepariition methods [IX]. For 
ilie bactofection formulations, tlie E . í ~ ~ l i  XL2 contain- 
iiig the GFP-pQBI,> os E.i.oli Top l0F coiitainiiig tlie 
G3-pcDNA1 Amp plasinids were added lo the trout at 
se\.cral (see Figures) coiicentrations (5 g recombinant 

E.c,oli pcllets were eqiiivaleiit to 5 pg of plasniid). For 
the niicroencapsulatioii formulations, copolymcrs of 
viiiylpyrrolidone rind dinlethylacrylaiilide were used at  
1 iiig,ml [19]. For tlie fugene formulritions. fugene-6, a 
commercial liposome (Roche, Barcelona, Spain) was 
used at 8 lillnil. Transfection of EPC cells was obtained 
witli fugenc-6 with greatei- efficiency [?O]. As a positive 
control: trout fry were intrritnuscularly injected witli 1 
pg (1 111 per trout) of GFP-pQBI,> DNA using a 10 111 

Hamilton Syringe [2]. 

Five trout fry ( O ~ i r ~ o r . l i j ~ ( ~ l ~ ~ ~ , s  il?!ki.s.s. Walbaum) o l  
0.7-0.5 g body weight (Las Zayas. León, Spain) was 
maiiitained in a beakcr wiih 20 m1 of aquarium water at 
10°C with the GF'P-pQB1,' + forinul;itions. For thc 
ultrasound trcatiiient, the beakcr was maintained inside 
a cylindricitl bath sonicator (Electra. Barceloi-ia; Spain) 
filled with 150 ml of water. After an exposurc of 4 s for 
sonication or 30 inin for thc rest of formulations, trout 
fry wcre then placed in 500 m1 beakers filled with 
aquariuin water and maintained at  4 10°C for 1 --3 
weeks. Thrce trout fry per experimcntal point were 
sclectcd aiid analyzed Sor G F P  expression. The plasmid 
DNA reinaining in the water after trout fi-y iinmersioii 
showcd no vai-iations in the amount os band patterns as 
shown by agar electrophoresis (not shown). 

2.4. F1uor.c.sr.c~nc.t. u,\..soys f i ~ r  GFP 

Two days afier imniersion in the plasmid DNA, the 
lish were anaesthetized with 20 m g l  of MSS-232 (3- 
aniinobenzoic ac.ethy1 ester. Sigma Chem. Co.,  St. 
I,ouis, MO, USA), placed oi-i a microscope slide and 
tlieir caudal fiiis covered with a coverslip. Caudal fins 
were then examined niid photographed at 40 x (CC- 
DOPS program VSSS2.1) using a Nikon Diapliot in- 
verted niicroscope fiited witli a niercury Iamp using a 
FITC filter set (DM510 B-2A) and a SBIG ST-7 cai-ii- 
era (Santa Bárbara Insti-ument Group. St. Barbara, 
CA. USA). Identicnl fluorescent background aiid range 
values were chosen for coinparison between the differ- 
cnt photographs. Three trout per experimental point 
were exatnined. Tlii-ee photographs of the caudal fins 
were made from cach trout. Absolute fluorcscence val- 
Lies wei-e measured in each of tlie individual cells (50- 
130 cells per photograph) by defiiiing a square of 3 x 3 
(CCDOPS program St Barbara Instrument Group, 
Santa Bárbara, CA, USA.) correspondinp to about 9 
pin'. Background fluorescence was calculated as the 
average of the absolute fluoresceiice values obtained 
froin five tnelanomacrophages in the sanie photograph 
(inelanoniacropl-iages were never fluorescent). Results 
wcre expressed as relative Huorescei-ice by the formula, 
fluorescence in cell - backgrouiid Huorescence, back- 
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described before [26]. The absnrbances were measured 
at 392-620 iim at several serun1 dilutions, the 36-fold 
dilutions were chosen Sur further analysis. The results 
are expressed as relative ubsorbance = absorbance of 
each serum average absorbrince of control serum x 100. 
Control seruni were obtained froin phosphate buffered 
saline (PBS) injected trout Sor the inijection control or 
no plasrnid exposed trout for thc immersion control 
(three trout per experiinent). 

To assay for trout ccllular irnmune responses, kidney 
cells were extracted [ I l ]  Srom three to six trout 1 month 
after inlmersion-\accination 2nd 1 day before VHSV 
challenge. They were incubated during ;i week with 1 
~ i g  m1 of G4  at  20°C. Proliferation was estimated by 
using tritiated thymidine as described in detall earlier 
Ll 11. 

3. Results 

Two duys after exposure tu GFP-pQBI,, + ultra- 
sound. GFP-pQBJ,, + DOTAP liposomes, o r  GFP-  
pQBIlc + recombinant E.c,oli (bactofection), trout fry 
fins showed abundant fluorescent spots of 10-20 lim of 
diameter brighter thari background, confirming the re- 
sults reported before by using GFP-pQBl15 + DOTAP 
[15]. No cell fluorescences higher than background were 
obtained by ~ising GFP-pQB12, and either microencap- 
sulation in copolymers of vinylpyrrolidone or con~plex- 
ing willi Fugene-6 (not shown). Fig. 1 shows a 
representative experiment obtained from trout exposed 
to GFP-pQBI,, + ultrasound. We assigned a relativt: 
fluorescence of 1 + 0.3 (nuniber of cells, n = 212) to the 
average absolute fluorescence of the fin cells measured 
froiii ultrasound cxposed trout not treated with GFP-  
pQBl,, (control of relative fluorescence). Relative 
Buorescenczs of 0.96 + 0.2 (12 = 210) and 1.06 f 0.3 
( 1 1  = 366) \vere tl-ien calculated when trout were exposed 
to 10 ~ ig ,ml  OS G3-pcDNAI'Ariip (a plasniid coditig for 
a nonfluorescent protein) + ultrasound or t o  1 pglml of 
GFP-pQB12, + ultrasound. 111 contrast, a relative 
Auorescence OS 1.7 f 0.5 (n = 366) was obtained by 
using 10 pglrnl of GFP-pQBI,, + ultrasound. To  best 
show the differetlces between both kinds of results we 
compared the percentage of fluorescent cells witl-i rela- 
tive fluorescences higher than the average fluorescence 
of control + 2 S.D. (90%) of significancc assuming a 
nortnal distribution). Thus, whereas ultrasound only 
control, 10 pgltnl of G3-pcDNAJ:Amp + ultrasound 
exposed or 1 iig/ml of GFP-pQBl,, + ultrasound ex- 
posed trout showed 5.1, 0.4 or 7.6'%, of the cells with a 

Concentration of pQB125-GFP. pglrnl 

Fig. 2. G F P  Ruorcscence in rhe c~iudal lin cells of Irout fry ;ind its 
depcndcncz oE imincrsion in GI-'P-pQBI,i concentrations + forinula- 
tionh. GFP-pQBI,, ua.; iised for imiiiersion k i t  difkreric coricentr;i- 
tions with difterent formula(ions. The c;iudal fins oF the troiit were 
exarninrd aiter 2 (iays. The pcrceritagcs 01' fluorescent cells with 
tluoi-esccnce ~ a l u e s  greatcr than '90:) oT tlie cells ir1 the control arc  
representccl (average. s + 2 S.D.. o) .  Soinc iif the results were best 
fitted irito a curve t«r clarity purposcs, curvc smuothing by tlie lcast 
squ:irrs ;i\er:iging (FigP pro-rarri Biosoli. C';imbridge, UK). O O, 
GFP-pQBI,, + ~iltr;isound. ' - -', GFP-pQB12, + DOTAP. C- 
T. GFP-pQRI,, + bactofection. !, - />, imme~.sion in GFP-pQBI,'. 

fluorescence valuc above the significant relative fliiores- 
cence, respectively, trout exposed to  10 pg~inl  ol' GFP-  
pQBl,, + ultrasound sl-iowed 50.2'%, of the cells with 
fluorescences equal t o  or  higher than the threshold of 
sigilificant relative fluorescence valiie (Fig. 1 ) .  There- 
forc, this parünieter was used throughout the experi- 
ments to quantitate atld to  compare the influence of the 
lrariables when using different iminersion concentra- 
tions, exposure times and'or formulations. 

Fin cells with significant relative fluorescences were 
obtüined after inimersion in 10 pglnil of GFP-  
pQBI,, + ultrasound, 10 pglnll of GFP-pQB12, + 
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 pg,:nil of GFP-pQB12, resulted in 
n o  significatit relative íluoi-escences abovc background 
( < 10'?;1 of the cells). 

The percentage of cells with signiticant relative 
fluorescence remained at about 35'%1 from 2 to 20 days 
when trout were exposed to 10 pglnil of GFP-  
pQBIz, + ullrasourid (Fig. 3). lmmersion in GFP-  
pQBI,, + DOTAP induced about 401)/;> of significant 
relati1.e fluorescent cells after 2 days but 7 days later 



only background tluorescences were obtained. Immer- 
sion in GFP-pQB12, + bactofection also induced about 
40"h of fluorescent cells after 4 days but most of the 
trout died thereafter. Only 3-12'%1 of the fluorescent 
cells showed significant relative Huorescences from 0 to  
20 days when trout were immersed in GFP-pQBl?,. 

Immersion in G3-pcDNAIIAmp with the best im- 
mersioii formulations selected above (ultrasound, 
DOTAP or bactofection) was then performed with 
larger immunocompetent fingcrling trout. The experi- 
ments included aquaria with trout injected with G3- 
pcDNA1iA1np, 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 iiot exposed to any plasmid but 
treated with the formulations or immersed in G3-pcD- 
NAIiAmp was also included. 

One month aí'ter imn-iersion-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 nnd assayed for anti- 
G VtlSV trout serum antibodies by ELISA. VHSV 
neutralizing trout serum antibodies and trout kidney 

Time after immersion, days 

Fig. 3. Tiiiir coursc «S G F P  fluorcscence in thc calidal fin cclls o f  
trnut fry al'lzr immcrsioii in G F P - P Q B I , ~  lormulations. GFP-pQB12, 
was used iit 10 ~ i g  inl. Fivc Lrout i'r! were exposed to  immersioii 
forrii~ilalions at cc~eIi time poiiii iiiid three of tliem were exaiiiiiied for 
fluorcscence. Tlit. pcrcentages of lluorescent cclla with fluoi-cscence 
values grc;ttcr than 90";) oí' the cells in tlie control are represeiitcd 
(average. .Y t 2 S.D.. o).  Sonie of tlie i-esults werr best fittcci iiito a 
ciii-ve for clarity p~irposch, curve siiioothing by the lcast squarcs 
civeraging (FigP program Biosuft, Cambridge. UKI .  O O. G F P -  
pQBI,\ + ~iltr;~soiind. \~ - ' . G F P - ~ Q B I , ,  + DOTAP. r. 
GFP-pQBI,, + bíictotkction. \ - L ,  GFP-pQB1,i. 

Table 1 
Aiili-G4 ;ind anti-Frg # 11 ;iiitibodics in seriim VI-0111 trout imriiiinized 
by immersion in G3-pcDNA1 A m p  +l¿)rniulations drtected by 
ELISA" 

~ 

Plasniid + forniulation Krlative absorbaiice 
- ~~~p - - 

G 4  plates Frg # 11 plates 
-- -- p~ p~ -- ~ 

G1-pcDNAI Amp 3 0.5 9 )  2 4.1 + 1.9 (9) 2 
+ iiltr:~sourici 

G3-pcDNAI Amp 0.9 + 0.1 (12) 3 1.7 k 0 . 7  ( O )  2 
+ DOTAP 

G.1-pcDNA1 Anip 0.8 * 0.2 ( 12) 2 17 

+ bactofcction 
G3-pcDh'Al Aiiip l .  0.6 (9) 2 1.6 k 0.3 (9)  2 
G3-pcDNAl Aiiili 1.8 + 0.7 ( 2  1 ) 3 2.2 * 0.4 (24) 3 

+ irijectionC 
pcDNAl Amptinject ion" 1.2 i 0.1 (18) 3 0.8 k 0.2 (17) 2 
- ~p - - p~ -- 

" Troiit were iniineriecl in 10 ~ i g  ni1 oi' G3-pcDNAl Ariip and 
serum was obtaiiied I inonth after viiccination cind I dily belore 
ch;illcnge. Pl;ites were coated \ \ i t l i  1 ~ i g  per well of (31 or  Frg # 1 1  
Results are expresscd iii relativc absorbanccs to control scrLim oh- 
tained eitlicr i'roiii PHS-iiilected trout í'or iiijection or  Sroni no plcis- 
iiiid-exposcd Lrout li)r in~mersion (llii-ee trout per control). Results 
are cxpressed cis thc average and stiiiidard deviatioii i'roiii a total o f t i  
trout (numbcr oí' parenthchia) obtaincd Il-om d i f i r en l  experiineiits. 
threr 10 six trout per experiiiicnt (nuinhcr after thc pareníhesis). 
Results al-c iii bold nlicn the iiieaiis were bieiiificatively JiHCrent froin 
the G3-pcDNAI Anip controls (P<O.UI). assuming a normal distri- 
bution a s  c;ilciilateci by thc 2-pop~il2ition r-test (OriginLab Coi-pc1r;i- 
tion, Northaiiipton. MA. 1lS;l). 

Not  done 
Iiijection of I ~ i z  of G3-pcDNAI Aiiip per trout.  

" Ir?jection of 1 ~ i g  o f  pcDNAl Aiiip per trout.  

cell immunoproliferation. Table 1 shows thnt the 
highest anti-VHSV frg # 1 1  G antibody titres were 
obtained with serum from trout immersed in G3-pcD- 
NAIlAmp + ultrasound (4.1 1.9) or  injected with G3- 
pcDNAI 'Amp (2.2 f 0.4). N o  VHSV G 4  significant 
ELISA antibody titres were obtained with any of the 
sera examined (ii = 81) from either the irnmersed or the 
injected trout (Table 1 ) .  No  VHSV neutralizing trout 
antibodies could be detected in aiiy of the serum exam- 
ined ( i r  = 154) froin either the immersed or the iniected 
trout (results not shown). In contrast, to the above 
referred results pooled serum f'ron-i two ridult trout 
in.jected with purified VHSV [37] showed an ELISA 
titre of 8.8 f 1.5 and 100'%1 of neutralization at a dilu- 
tion of 1,200 (data not shown) iri parallel ELISA and 
neutralization assays. respectively. 

The immunoproliferatio~ index of trout lymphocytes 
imn-iunized with G3-pcDNA1;Amp + iiltrasound ( 1  + 
0.1 ; 11 = 3), G3-pcDNA1,Amp + bactofection ( 1.3 & O. 1, 
n = 2), G3-pcDNA1;A1np + DOTAP (2.4 f 1.4, 11 = 3), 
G3-pcDNAI Amp (1.4 f 0.2. 11 = 3), were not different 
from either trout immersed in PBS (0.7 + 0.2. 12 = 3), cir 
injected with PBS (2.3 f 0.7, 12 = 6) or in,jected with 
G3-pcDNA1;Amp (2.3 ? 1.9. 11 = 9). 



Fig. 4 shows tlie time course of average relative 
pei-ccnt mortalities (RPM. cupressed in '!h) nfter VHSV 
challeilge in imniei-scd-vaccinated trout in two difierent 
experiments. T o  r~ile out u possible non-specific re- 
spoiise clespite the tinie lag between Formulation cxpo- 
sures aiiti challeiiges. t r o u ~  exposed to  forrnulations 
iilone 01- to formulations + pcDNA1 Anip werc iii- 
cluded in soine of thc cxperiinents. Thc RPM were not 
different froiii plasmid cxposed controls (not shown). 
Thc rate of inortality i i i  non-vacciiiated trolit was 
Iiighest S -  10 days aftcr challenge as typical of VHSV 
iiií'ectioiis. Trout iri.jected with G3-pcDNAI Ainp os 
cxposcd to  G3-pcDNAI Aiiip + tiltraso~i~id gave the 
lowcr rates oí' mortalities. Trout not exposed to plas- 
inid, not exposed to  plasmid but only lo í'oriiiulations 
or in.iectcd witli PBS (coiitrols ~ised to calculate RPM), 
cxposed to G3-pcDNAI Ainp, exposed to G3-pcDNAI 
Anip + DOTAP os exposed to G3-pcDNAI Arnp + 
bactofection g;cve [he highest mortalities. 

Table 2 shows ~ l i e  curiibined final rclntivc perccnt 
survival (RPS) from tliree different experiments (the 
iinic course i11 one of them was not followed up). 'Trout 
iijccted with G3-pcDNAI ,4iiip (71.5':;,) or exposed to 
G3-pcDNAI Ainp + ~iltrnsound (50.1 _t 3.2'::1) gavc an 
statistically sigiiiíicant highci- ratc of survi\,al thaii trout 

Days after VHSV challenge 

Fig. 4. Tiine course ol'the i.cl;iti\,e pcrceiii iiiortaliiie, ( R P M )  oí' DNA 
iniriii.i..;iori-\i~cii~i~ited finyerliiig iroui aí'ier challerigc wiih VHSV.  
/\boiii 20 liiigcrliiig t r o ~ i t  per ;iq~i:iriiiiii \vere iiiiiiicrsi~1ri-v:1cci11iiIei1 
\vitli (;!-pcDNAl Ariip + forni~ilntioris. Tliiriy dnys 1;itcr tlie troiit 
\+ere challcriged witli VHSV. Mortnliiies i i i  control riot exposed to  
plnsiriid liiigerling t ro~ i t  nerc  100 uiici 87.5';/;>. respecti\el). Rcl;iti\c 
pcrceni rnort;iliIiei ( R P M )  \vere calc~ilaied by tlie fl~riiiul;~. iiiortrilit- 
of fish irealed with pl;isiiiid forrnulntioris iiiortality in coritrol not 
exposed to pltisrnid firigerliiig x 100. .A\era_res ;irid si;lnit;ird iisvi;i- 
tions (vertical liiics i i i  ench poirit) li.oiii tlle t\\.o expe1-i r i~~111~ \\.erc 
calculated. O O .  G3-pcDNAl Aiiip + iiltr;is»uiid. : . G3- 
pcDNAl Anip + DOTAP.  7 L. G3-pcDNAI Aiiip + bactolec- 
tion. L h.  (;3-pcl)NAI Aiiip. - . iiiirainusciilui iiijrclioii of 1 ~ i y  
of G3-pcDNAl Amp pcr trout.  

Tiibie 2 
Kcl;iiivc perceiit s~ir \ ival  (RPS) iií' Iiii:rerlirii. 11-oiit ~iftci- VHSV cli;il- 

P l i r s ~ i i i l + f i i ~ ~ l i t ~ i  KPS (nurnber of 1' 
cxpcriiiiciits~ 

G3-pcDNAl Arnp 50.1 + 3.2 (3) <0.01 
I ~ ~ l l ~ i s ~ i i n ~ l  

G3-pcDNAl Amp 1 2 . 3 ~  10.9 ( 3 )  >(¡.O1 
t LIOTA P 

G3-pcDNAI Aiiip 10.7 + 14.0 ( 2 )  > 0.0 I 
+ h;ic~ofcctioii 

G i -pcDUAI  Aiiip 8.8 + 0.5 (2) > 0.0 1 
G3-pcD\IAI Amp 71.5 (1) < 0.0 1 

+ ii!jcctii>ii" 

- 'Ahou t  20 i r o ~ i i  (5-10 g body \\eiglii pcr trout) per- irc:iliiicni 
poiiit pcr :iqiiai-i;i a c r e  iinmcrsed into 10 kig iiil oí' G3-pcDNA1 A m p  
arid several Ioi.ni~il;itions. One  o r  two noii-viiccin;iied (eitlier iiot 
exposed io  pinsriiid oi. iiijecicd \\ith PBS) coiiirol ;~quari,i \\'cre 
iricliided in eacli of ilie tlirrc expcriiiicnts io  c;ilciil:iie I<PS. Moii;ilitj 
in non-\ncciiiatcd aq~iar ia  \vas 100. 87.5 nnd 63.6'>íl. respscti\ely. Ibr 
eucli ot ' t l ic Ilirce e\periineiiis ~ihed tc)r tlie c.alc~il:iiioiis. Tlie cxpcr-i- 
niciit \\illi inoi'i;ilit> 63.6'%3 \v;is iiot iiisliided in tlie tinie co~irsc. Fig. 
4 because oiily firi;tl inorlalii) co~ i ld  be riiea.i~ired. A\crnges oiid 
hiaiidard deviatioris \vere c;ilcul;itcd ror Ilic riuriiber of cxper-iiiicnls 
sIio\vii iiiiciri- p i i r e i~ i l~cs i~ .  UC>LIII> iirc i i i  bidd \\licn tlic ~i ic~i i is  \\,erc 
sigiiificoiivcl) dillererií fi-oin ilie Ci3-pcDNAl A m p  coiitrol (P<0 .01) .  
irs\~iiiiiiig ii noi-rniil distr-ibutioii 11s c:ilc~ilaied by tlie 2-popiilniion 
r-irst (0ripinL;ib Coiporation, Norilioinploii. MA. LISA t .  

" Injccrion of I ~ i g  of G3-pcDNAI ARlP pcr ti-o~it.  

iiot exposed to plasniid (O'XI). iiljected with PBS 
(O':<I). cxposed to G3-pcDNAI Amp (8.8 t 0.5'>4). ex- 
posed to  G3-pcDNAI Ainp + DOTAP (12.3 * 10.9'!<,) 
or exposed to  G3-pcDNAI i i i p  + bactofcctioii 
(20.7 _+ 14.0'%1). The combiriatioii of G3-pcD'JAI 
Arnp + iiltrusoiind + DOTAP (O'!/; , )  or G3-pcDNAI, 
Arnp + ~iltraso~ind + bactofection ( 14.?'X1) prodiiced 
KPS statistically similar to the non-vaccinatcd coiitrols 
(no1 shown). 

4. Discussion 

The results show that fingerling trout (miniriial size 
trout can be vaccinated) \vere imni~iiiized aiid protected 
iigainst VHSV by using DN,4 imniersion-vnccination 
and ultrasound. With short pulses of low iiitensity 
ultrasound. the longest dui-ation of G F P  exprcssiori in 
tlie fins of trout Ti-y correlated with the highest titre of 
VHSV inimunizatioii and with 50.11>:, protectioii to 
VHSV challenge in Fingerling trout. 

By comparing tlie three inethods, the longer the 
dui-ation ot' G F P  expi-cssioii in thc trout fry the more 
reproducible the ininiuiiization, tlie best antibody re- 
sponse and the best protection agaiilst VHSV in finger- 
ling trout. Therefore. thc results with trout fry 
experiments with tlie G F P  gene had a predictive value 
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immersion DNA vaccination co~ild afford a good pro- 
tection iiliich more easily than iiijection DNA 
vaccination. 

Since the data on protection of trout after iiltrasound 
vaccinatioii are preliminary. more work reniains to be 
done lo explore this and other possibilitics, nevertheless 
immersion DNA-vaccination using ultrasound could 
eventually lead to a practica1 way to vaccinate small 
fish. 
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