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ABSTRACT. The kinetics of the antibody production and the protection at challenge 25 

were studied in turbot inoculated with different scuticociliate antigen preparations: live 26 

ciliates putatively attenuated through long-term in vitro culture (trial 1), and formalin-27 

killed ciliates without or with GERBU adjuvant in trials 2, 3 and 4. Antigen used in 28 

killed preparations was a mixture of three different ciliate isolates (V3) in the case of 29 

trials 2 and 3, whereas in trial 4, monovalent (V1), trivalent (V3) or pentavalent (V5) 30 

antigens were used. A booster injection was administered 28-29 days post-priming in all 31 

trials.  Fish were challenged with virulent live ciliates after the immunization protocol, 32 

including two challenge times in trial 2 (t1 and t2). No protection was obtained in trial 1 33 

with live ciliates, which in turn were not completely attenuated. Using killed-ciliates 34 

formulations protection was high only in trial 3 when a low dose (50,000 ciliates/fish) 35 

was used for challenge. In trial 1, inactivated sera of antigen-inoculated fish 36 

agglutinated the homologous ciliate although no specific antibodies were detectable by 37 

ELISA. In contrast, high specific antibody levels were detected in trial 2 and 4 antigen-38 

inoculated fish, and their amount increased progressively, usually peaking after 39 

challenge. No advantage was obtained in the use of V5 antigens compared to V1 or V3.  40 

No good correlation was observed in most cases between serum antibody levels and 41 

protection.  Although the use of GERBU adjuvant generally increased the specific 42 

immune response, some undesired side-effects point to the need of adjusting dosage 43 

and/or improving the formulation. 44 

KEY WORDS: Ciliates, Scuticociliatia, adjuvants, antibodies, immunization, fish, 45 

Scophthalmus maximus 46 
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INTRODUCTION 48 

 49 

Scuticociliates are ciliate protozoans (Ciliophora) occurring abundantly in 50 

eutrophic coastal and saprobic maricultural waters. Some of them can behave as 51 

opportunistic histophagous parasites causing severe infections in crustaceans and fish. 52 

Recently, different scuticociliates have become an important threat for cultured marine 53 

fish such as tuna fish and different flatfish. Fatal encephalitis of bluefin tuna was 54 

attributed to Uronema nigricans (Munday et al. 1997) and, among flatfish, 55 

scuticociliatosis has been reported in Asian Japanese flounder, Paralichthys olivaceus 56 

(Yoshinaga & Nakazoe 1993, Jee et al. 2001). In turbot, fatal scuticociliatoses have 57 

occurred in Spain and Portugal (Dyková & Figueras 1994,  Iglesias et al. 2001, Alvarez-58 

Pellitero et al. 2004, Ramos et al. 2007) and in Norway (Sterud et al. 2000). 59 

Morphological studies of different isolates suggested the existence of different species 60 

or strains (Alvarez-Pellitero et al. 2004). However, recent DNA-based studies point to a 61 

single species involved in flatfish scuticociliatoses (Palenzuela et al. 2005). 62 

The increasing frequency and severity of scuticociliatosis in turbot culture, with 63 

mortality reaching 60 % in some infected stocks, has stressed the need of developing 64 

efficacious preventive and control strategies. Since no efficacious treatments are 65 

available, the implementation of immunoprophylactic measures seems an attractive 66 

option.  67 

 Empirical data from field observations in affected farms points to the acquisition 68 

of disease resistance in fish surviving scuticociliate epizootics, stimulating the search 69 

for a vaccine. Available information from small, laboratory-scale trials suggested partial 70 

protection against a challenge using formalin-killed vaccines in turbot (Iglesias et al. 71 

2003, Alvarez-Pellitero et al. 2007, Lamas et al. 2008) and olive flounder (Jung et al. 72 
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2006). A recent report claimed quite good turbot protection using a killed adjuvanted 73 

vaccine (Sanmartín et al. 2008). The search of adjuvants without the toxic side-effects 74 

of mineral oils (Singh & O’Hagan 2003, Bowden et al. 2003) has led to a different 75 

family of products based on lipid microparticles, stabilised in aqueous phase by 76 

surfactants and sometimes in association with soluble immunomodulators (as G- 77 

muramyl dipeptide, GMDP) (Cox & Coulter 1997). The GERBU preparations used in 78 

the present study belong to this group. The presence of specific antibodies against 79 

scuticociliates has been demonstrated in turbot both in natural infections (Iglesias et al. 80 

2003) and after inoculation of different vaccine preparations in small-scale (Iglesias et 81 

al. 2003, Sitjà-Bobadilla et al. 2008) or medium-scale (Sanmartín et al. 2008) 82 

experiments. However, no information is available on the production and kinetics of 83 

specific antibodies under different antigen-formulations and/or immunization regimes in 84 

medium or large-scale long-term experiments.  85 

In the present work, the kinetics of antibody production in turbot inoculated with 86 

live cultured ciliates and different formalin-killed formulations (including GERBU-87 

adjuvanted preparations) is studied in immunization and challenge trials at medium-88 

scale experiments.  89 

 90 

MATERIALS AND METHODS 91 

 92 

Ciliates and in vitro culture 93 

Several isolates of scuticociliates obtained from farmed turbot suffering epizootics 94 

(detailed in Alvarez-Pellitero et al. 2004) and one isolate (E) from Japanese olive 95 

flounder (see Yoshinaga & Nakazoe 1993) were used. The isolates referred as A-1, A-2 96 

(Cantabric Sea, France), B-2 (Cantabric Sea, NW Spain ), C (Atlantic, NW Spain) and 97 
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D (Atlantic, Portugal) in Alvarez-Pellitero et al. (2004), and the E Japanese isolate were 98 

used to prepare the different antigen formulations (see below). The isolates used for 99 

challenge were B-2 (trials 1 and 2) or an additional isolate (A-3) further obtained from 100 

the French Cantabric site (trials 3 and 4). Several of these isolates were also employed 101 

to prepare the antigen used in the ELISA assay as described below. 102 

The obtaining of axenic cultures of the ciliate isolates was explained in Alvarez-103 

Pellitero et al. (2004). All isolates have been routinely maintained  in 25-cm
2
 T-flasks, 104 

with 7 ml media at 15 or 20ºC using L-15 medium (Gibco-Invitrogen, Paisley, UK) 105 

containing 1.28 % artificial marine salts (for a final salinity equivalent to approximately 106 

20 ‰), and antibiotic/antimycotic mixture (PSA) at 1× to 3× final concentration (1× 107 

PSA= 100 U/ml penicillin, 100 g/ml streptomycin, and 0.25 g/ml amphotericin B). 108 

The medium was supplemented with 10 % heat-inactivated newborn calf serum (NCS), 109 

1× Eagle’s Basal Medium (BME) vitamin mixture, and ribonucleic acid from torula 110 

yeast (Alvarez-Pellitero et al. 2004). Serial passages and larger-scale cultures were 111 

made by harvesting cultures in late stationary phase by centrifugation (500-650 × g, 15 112 

min) and washing with basal media containing 1× PSA. Parasites were counted in 113 

Neubauer chambers and inoculated into fresh media. 114 

Ciliates used for the challenge were harvested, washed, counted and transferred 115 

to an appropriate volume of Dulbecco’s Phosphate Buffered Saline (D-PBS) plus 0.35 116 

% NaCl as a mother, concentrated stock. Within 20-24 hours, this stock was diluted to 117 

the inoculation doses that were injected to the fish, as described below. The active 118 

condition of the ciliates in all the treatment doses was verified by observation of a 119 

subsample under the microscope. 120 

 121 
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Preparation of antigen formulations 122 

 123 

Formulations based on live ciliates putatively attenuated by prolonged in vitro 124 

culture (Trial 1) 125 

Preliminary assays carried out in some farms pointed to some virulence loss in ciliates 126 

maintained in vitro using fish tissues as food source. In order to test this possibility, A-1 127 

ciliates were subcultured until passages 41 and 44, and used alive (LIV) in a vaccination 128 

trial, with priming and booster (Bt) injections.  129 

 130 

Formulations based on inactivated (killed) ciliates (trials 2, 3 and 4) 131 

Antigens. Ciliates of each isolate were inoculated on three consecutive days and 132 

cultured in 75cm
2 

T-flasks or in spinner flasks at 20 
o
C, as described above. Cultures 133 

were harvested on day 8 after the first inocula, pooled, and washed with D-PBS. Cells 134 

were pelleted (811 × g, 10 min) and killed by resuspending in 1% phosphate-buffered 135 

formalin. After fixation for 50 min in a slow rocking platform, the ciliates were 136 

centrifuged as above and resuspended in fresh D-PBS containing 0.01% thimerosal (D-137 

PBSt) three times. Killed and washed ciliates were counted in a Neubauer chamber, and 138 

the volume adjusted to a final concentration of 1.2 × 10
6
 ciliates/ml. A preparation 139 

referred to as monovalent antigen (V1) consisted of A-3 isolate alone, at this 140 

concentration. Trivalent (V3) and pentavalent (V5) antigens contained equal numbers of 141 

each contributor isolate (A-2, B-2 and D for V3, and A-2, B-2, C, D and E for V5), 142 

which were mixed before adjusting to the same final concentration. V3 was used in 143 

trials 2 and 3, whereas in trial 4 three different preparations (V1, V3 and V5) were 144 

tested. In all cases, ciliates were stored at 4
o
C until used. A crude preparation of killed 145 

ciliates was made by sonication using a VC60 Vibra-cell ultrasonic processor (Sonics & 146 
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Materials, Danbury, CT, USA). Cells were disrupted in ice at 50% power output, with 147 

an effective sonication time of 2 min administered in 2 s pulses separated by 3 s pauses.  148 

Adjuvants and preparation of inocula. The experimental adjuvant GERBU 734 149 

(Gerbu Biotechnik GmbH, Gaiberg, Germany) (GER) based on stabilized lipid 150 

nanoparticles and the immunopotentiator glycopeptide GMDP was used at doses of 151 

100µl per fish (trials 2 and 3) or 50 µl per fish (trial 4). The adjuvant was mixed with 152 

0.1 ml of the antigen preparation (containing 120,000 sonicated ciliates) and/or with D-153 

PBSt as appropriate to produce 0.2 ml individual fish-doses containing the desired 154 

formulation in the different experimental groups of trials 2, 3 and 4 (see below). 155 

 156 

Fish 157 

Juvenile turbot were obtained from a Northwest Spanish farm (trials 1, 2, 4) and a 158 

French Cantabric farm (trial 3). Following routine farm procedures, fish had been 159 

vaccinated (60 seconds immersion) with a mixed vacccine (GAVA- 3, Vibrio 160 

anguillarum- FM95, Flexibacter maritimum, laboratorios HIPRA, Spain) at 3 months of 161 

age and boosted one month later with the same product and procedure. In all 162 

experiments, fish received a flow-through supply of aerated sea water (37.5 ‰) at 163 

natural temperature and photoperiod and were fed daily with a pelleted commercial diet 164 

ad libitum.   165 

 166 

Experimental procedure 167 

General conditions. Experimental fish (mean weigh ~ 40-50 g) were acclimated for 168 

two weeks to the Centro Tecnológico Gallego de Acuicultura (CETGA) facilities (trials 169 

1, 2 and 4), or a French Cantabric farm (trial 3), and a sample of 10 fish was taken at 170 
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day 0, as an initial control. The remaining fish were randomly allocated into fibreglass 171 

tanks of 500-L (50 fish per tank). 172 

Trial 1. This trial was designed to evaluate the response to live ciliates. Three 173 

experimental groups (six replicates per group) were established, including one control 174 

(CTRL) and two groups injected intracoellomically (i.c.) with a suspension of live 175 

(LIV) ciliates of isolate A1 in 0.2 ml of PBS (LIV-H: high dose: 20,000 ciliates/fish; 176 

LIV-L: low dose, 10,000 ciliates/fish). Since mortality after this priming injection was 177 

higher than expected, the experiment was reoriented to study the kinetics of antibody 178 

production. Fish of LIV-H and LIV-L groups and a subgroup of 100 CTRL fish (now 179 

named Bt) were boosted (i.c.) at day 29 post-priming (p.p.) with a lower dose of the live 180 

ciliate (5,000 ciliates/fish) in 0.2 ml of PBS, whereas an equal subgroup of CTRL fish 181 

received PBS alone. Details of the fish groups, experimental design, water temperature 182 

and sampling schedule can be found in Fig. 1. Ten fish per group were sampled at each 183 

sampling date.  184 

Trial 2. The purpose of this trial was to study the response to antigen consisting of 185 

killed ciliates. Five experimental groups were established, and they received antigen 186 

alone (V3), antigen and adjuvant (V3-GER), adjuvant alone (GER) or PBS (CTRL and 187 

control-challenged, CTRL-Ch). Two replicates were used for CTRL fish, whereas for 188 

the remaining groups four replicates per group were arranged: two of them to be 189 

challenged at time 1 (t1) and the other two at time 2 (t2). Details on the injection 190 

calendar, water temperature and sampling schedule are provided in Fig. 2. Ten fish per 191 

group were sampled at each sampling date.  192 

Trial 3. This trial was designed just for the evaluation of mortality after challenge, and 193 

no serum was analysed. The experimental groups and immunization design were 194 

basically the same as in Trial 2 except that a single challenge time was chosen, with the 195 
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following details: at day 110 p.p. (82 days post-booster, p.b.), one replicate of each 196 

group was challenged with 50,000 ciliates/fish (low dose) and the other replicate 197 

received 80,000 ciliates/fish (high dose) (isolate A-3, passage 8 in both cases). Seawater 198 

temperature increased along the experiment (July-December 2004) ranging from 15 ºC 199 

(day 0) to the following mean values: 15.8 ºC (days 0-28), 18.5º C (days 29-110) and 200 

18.2ºC (days 110-140). Ten fish per group were sampled at each sampling date.  201 

Trial 4. The main purpose of this experiment was to compare the response to different 202 

monovalent or polyvalent antigens. Eight experimental groups (two replicates per 203 

group) were established. Three groups received antigen alone (V1, V3, V5); three 204 

groups were injected with the corresponding antigen plus adjuvant (V1-GER, V3-GER, 205 

V5-GER); and one group received only the adjuvant (GER). The control (CTRL) group 206 

was injected with PBS. Details on the injection calendar, water temperature and 207 

sampling schedule are provided in Fig. 3.  Ten fish per group were sampled at each 208 

sampling date.  209 

General sampling procedure. In each sampling, 10 fish per group were sacrificed by 210 

overexposing to the anaesthetic MS-222 (Sigma, St Louis MO, USA), and bled from the 211 

caudal vein before the necropsy. Fish were weighed and measured and data on body 212 

weight (g) is presented as mean ± S.E.M.  Blood was allowed to clot at 4ºC. Serum was 213 

obtained after centrifugation at 1500  g for 30 min at 4°C, and stored at - 80ºC until 214 

further analyses were performed.  215 

Following challenge, the presence of ciliates was evaluated in the coelomic 216 

cavity, blood and cerebral tissue of moribund or dead fish and in the fish sacrificed in 217 

the last sampling. Fish were considered positive for ciliatosis when active ciliates were 218 

found. The relative percentage survival (RPS) was calculated using the formula: RPS = 219 

1 – (% mortality in vaccinated fish/% mortality in control fish) × 100.  220 
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Agglutination assays.  In vitro cultured ciliates from the isolates A-1, B-2 and D were 221 

harvested and washed 3 times in iHBSS (HBSS plus 0.35% NaCl) at room temperature, 222 

and the final concentration adjusted to 10
4
 ciliates/ml. The sera from all the tested 223 

groups in trial 1 were heat inactivated (45ºC for 30 min), serially diluted in iHBSS and 224 

dispensed in 96-flat-bottom plates (100 µl/well) (Nunc, Denmark) in duplicates. After 225 

addition of the ciliates to the wells (100 µl/well), the plates were incubated at 20ºC and 226 

monitored every 10 min for 2 h for immobilization/agglutination/lytic responses, using 227 

an Olympus IX71 inverted microscope. In all the assays, control wells without fish 228 

serum were included. The immobilization titre was defined as the highest dilution value 229 

at which parasites were immobilized, agglutinated or lysed. 230 

Determination of specific antibodies. An enzyme linked immunosorbent assay 231 

(ELISA) was developed and optimised to determine the presence of specific antibodies 232 

to the ciliate. The procedures for antigen preparation and for the application of the assay 233 

are fully described in Sitjà-Bobadilla et al. (2008). Briefly, whole cell lysates of ciliates 234 

from the different in vitro-cultured isolates were used as antigens. After incubation with 235 

fish test fish serum (diluted 1:8), a monoclonal antibody anti-turbot IgM (Estévez et al., 236 

1994) diluted 1:1000 was used as second antibody, followed by a goat anti-mouse IgG 237 

(H + L) (third antibody) horseradish peroxidase conjugate (BioRad, Madrid, Spain) 238 

diluted 1:2000 as third antibody. In all assays, previously selected positive and negative 239 

fish were used as appropriate controls.  Specific antibodies were determined against A-1 240 

and B-2 isolates in trial 1. In trial 2, antigens of each isolate used in the V3 241 

formulation(A-2, B-2 and D) were tested individually or in a mixture of the three in 242 

equal numbers. In trial 4, the isolate A-3 used for challenge and included in V1, V3 and 243 

V5 formulations was used. The working protein concentration of the antigen was set at 244 

24 µg/ml.  245 
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 246 

Statistical analysis 247 

 248 

A one-way analysis of variance (ANOVA) followed by Student-Newman-Keuls 249 

method was used to compare the biometrical, haematological and antibody levels of the 250 

experimental groups at each sampling point, and also within each group along the 251 

sampling times, in trials 1, 2 and 4. When necessary, a Kruskal-Wallis one-way 252 

ANOVA on Ranks followed by Dunn’s method was applied instead. All statistical 253 

analyses were performed using Sigma Stat software (SPSS Inc., Chicago, IL, USA), and 254 

the minimum significance level was set at P<0.05.  255 

 256 

RESULTS 257 

 258 

Trial 1 259 

Evolution of fish weight. All fish grew as expected during the experimental period and 260 

no statistically significant differences were found between groups except at the last 261 

sampling, when LIV-H fish had a significantly lower weight (233.1 ± 19.2) than CTRL 262 

fish (297.1 ± 24.1).  263 

Agglutination assays (Fig. 4). No agglutination or lysis of ciliates used for vaccination 264 

(A-1) was observed with inactivated sera of CTRL fish. Among vaccinated fish, both 265 

the percentage of positive fish and the agglutinating titre increased in LIV-H and LIV-L 266 

fish at day 28 p.p. Boosting increased this response in both groups at short term (day 57 267 

p.p.  =  28 p.b.), but a decrease was detected at the subsequent sampling (day 85 p.p. = 268 

56 p.b.) (Fig. 4). After challenge, an increase occurred in all groups in the percentage of 269 
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positive fish, except in CTRL-Ch fish, in which no agglutination was detected. The 270 

maximum titre obtained was 1/32. 271 

 The agglutinating ability of inactivated fish serum against the ciliate used for the 272 

challenge (B-2) was evaluated before (57 days p.p.) and after (148 days p.p.) the 273 

challenge. No agglutinating effect was detected before the challenge, and it was found 274 

only in 20% LIV-L and 10% CTRL-Ch after challenge. In addition, at day 57 p.p. 275 

inactivated sera were tested against a different isolate (D) and agglutination was 276 

detected only in 10 % of LIV-L fish.  277 

Antibody levels. Specific antibodies (determined by ELISA) against the isolate used for 278 

vaccination (A-1) and for challenge (B-2) were below the threshold level in most 279 

groups. Only LIV-H fish exhibited clearly positive values at day 28 p.p. but differences 280 

with respect to CTRL group were not statistically significant (data not shown).  281 

 282 

Trial 2 283 

Evolution of fish weight. In fish challenged at time 1, the weight (g) was lower in all 284 

vaccinated groups than in CTRL one. These differences were statistically significant at 285 

day 88 p.p., having GER fish the lowest values (123.8 ± 9.79 vs 204 ± 16.37 of CTRL). 286 

In fish challenged at time 2, vaccinated fish also had lower weight than CTRL, but 287 

differences were statistically significant only for GER fish (190.8 ± 16.49 vs 277.2 ± 288 

14.66 of CTRL) at 138 days p.p., and CTRL-Ch fish ( 361.99 ± 37.65 vs 467.35 ± 31.15 289 

of CTRL) at 204 days p.p.  290 

Antibody production kinetics. The production of specific antibodies against the isolate 291 

used for challenge (B-2) was monitored for all groups and sampling times (Fig. 5). At 292 

the first sampling (day 27 p.p.) positive fish belonged to V3-GER and V3 groups 293 

(though V3 was slightly above the threshold value), with values significantly higher 294 
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than in CTRL and GER groups. At day 56 p.p (28 days p.b.), V3- t1 and V3-GER-t1 295 

values were also significantly higher than in unvaccinated groups (Fig. 5A). In the case 296 

of groups challenged at t2, such difference was maintained at 138 days p.p. (111 days 297 

p.b.) but it was statistically significant only for V3-GER-t2 group (Fig. 5B). At the first 298 

sampling after challenge (88 and 204 days p.p., respectively for t1 and t2), a statistically 299 

significant increase in the antibody levels respect to the previous sampling was detected 300 

in all challenged groups, regardless of the challenge time.  In both cases, the highest 301 

values were found in V3-GER group, being significantly different from the remaining. 302 

In addition, V3-t1 and V3-t2 values were positive and significantly higher than CTRL. At 303 

the last sampling (190 and 233 days p.p., respectively for t1 and t2), a drop in the 304 

antibody levels was observed in most groups, regardless of the challenge time. 305 

However, at t1, all challenged groups were still positive and with values significantly 306 

higher than CTRL (GER group even increased respect to the previous sampling), 307 

whereas at t2 only vaccinated groups were positive, with values significantly higher than 308 

CTRL and GER fish. 309 

 To further study the kinetics of antibody production against the ciliates, the sera 310 

from the group with the highest antibody levels against B-2 (V3-GER), obtained before 311 

and after challenge, were tested against the trivalent antigen included in the 312 

formulations (V3) and also against each of its components separately (A-2, B-2 and D) 313 

(Fig. 6). Interestingly, regardless of the challenge time, antibody levels against A-2 and 314 

D antigens were clearly and significantly higher than against B-2 and V3, before and 315 

after the challenge, being the anti-V3 antibodies the lowest values. However, at t1-316 

challenge, a clear and significant increase in antibody levels against all antigens 317 

occurred after challenge, whereas at t2-challenge, such increase was significantly higher 318 

only for anti-B-2 and anti-V3 antibody levels.  319 
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 320 

Evolution of mortality after challenge. In fish receiving the low challenge 321 

dose, cumulative mortality was clearly lower in all fish inoculated with any antigen or 322 

adjuvant preparation with respect to CTRL fish (RPS= 94-95) (Table 1). The situation 323 

was completely different in fish receiving the high challenge dose, as mortality was 324 

similar (V and V-GER) or even higher (GER) than that of CTRL fish. The mortality 325 

period was very long in all fish groups, particularly CTRL and GER.  326 

 327 

Trial 4 328 

 Evolution of fish weight and mortality after challenge. Most fish groups grew as 329 

expected during the experimental period with a 4-fold increase in their weight, though 330 

some groups inoculated with adjuvant exhibited the lowest values. GER (46.34 ± 2.03) 331 

and V5-GER (169.2 ± 16.83) groups had significantly lower weight than CTRL fish at 332 

28 (62.86 ± 2.45) and 75 ( 216.4 ± 12.37) days p.p., respectively.  333 

Antibody production kinetics. The kinetics of antibody production against V3 antigen 334 

was studied in all groups (Fig. 7). At the first sampling (28 days p.p.) all the groups 335 

receiving V1 and V3 formulations (either alone or adjuvanted) were positive, and most 336 

of them had significantly higher antibody levels than non-vaccinated fish. A subsequent 337 

change in the pattern occurred after booster, as only those groups receiving adjuvanted 338 

formulations were positive for antibodies. After challenge, a further increase in the 339 

antibody levels occurred in all challenged groups, having all of them significantly 340 

higher values than CTRL fish (not-challenged). Most adjuvant-vaccinated groups 341 

presented the highest antibody levels, but they did not differ significantly from CTRL-342 

Ch. The analysis of antibody kinetics within each group along the experiment 343 

demonstrated a progressive and statistically significant increase in V5 and V5-GER 344 
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groups, whereas the remaining vaccinated fish showed a decrease at p.b. respect to p.p. 345 

sampling (V1 and V3), or very similar values (V1-GER, V3-GER). A clear and 346 

significant increase occurred after challenge in all groups.  347 

The percentage of positive fish was variable between groups. At 28 days p.p., 348 

the number of positive fish was higher for V1 and V3 fish than for the remaining 349 

vaccinated fish, being V5 the group with less positive fish. At p.b. sampling (75 days 350 

p.p.), only V1-GER fish reached 100 % of positive fish, and an increase respect to the 351 

previous sampling occurred in most groups. At p.c. sampling, 100% of fish were 352 

positive in all groups, except GER (Fig. 7).  353 

Relationship between antibody levels and protection at challenge 354 

No good correlation was observed in most trials between serum antibody levels 355 

and protection at challenge, as summarized in Table 1. 356 

In trial 1, the immunization of fish with the presumptively attenuated ciliates 357 

and/or the boosting with a lower dose of the same isolate did not produce protection at 358 

challenge, as mortality was higher in all vaccinated groups than in CTRL (mortality 359 

value 8.9 %, unexpectedly low in this control group). Among the immunized fish, the 360 

highest mortality (24.1 %) was registered in fish receiving only the booster injection 361 

(Bt-Ch) followed by the group primed with the highest dose of ciliate (LIV-H) (17.4 362 

%). Antibody levels in immunized fish were not significantly higher than in CTRL fish. 363 

In trial 2, cumulative mortality was relatively low in CTRL-Ch fish (32.9 %) 364 

challenged at time 1. Certain protection was only observed in V3-t1 fish (21.7 %; RSP = 365 

36), as all groups receiving adjuvant (alone or combined with antigen) showed higher 366 

mortality than CTRL fish. The mortality interval was delayed in all the inoculated fish, 367 

regardless the preparation (5-27 days), with respect to CTRL fish (3-12 days). For fish 368 

challenged at time 2, cumulative mortality was very low in all groups, but V fish again 369 
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showed a lower value than CTRL group (RSP = 56). Both groups inoculated with 370 

adjuvant had mortality somewhat higher (9.8% in V3-GER-t2 and 13.2 % in GER-t2) 371 

than CTRL fish (8.5 %). The mortality intervals were very similar in most groups (17-372 

33 days) but in GER-injected fish mortality started somewhat earlier (day 13). Only in 373 

the cases of  V3-t1 and V3-t2 were the antibody levels related to protection. 374 

In trial 4, the comparison of RPS between groups is not possible, as no mortality 375 

was observed in the challenged CTRL fish (CTRL-Ch). Mortality was very low in all 376 

fish inoculated with antigen alone (1.25-5 %), though somewhat higher in fish receiving 377 

adjuvant (10-21.8 %). Thus, no protection was obtained, in spite of the significantly 378 

higher antibody levels in most immunized groups with respect to CTRL.  379 

 380 

DISCUSSION 381 

 382 

The antigen formulations used in the current study produced variable protection 383 

against challenge with live ciliates. Most of them also induced the production of 384 

specific antibodies, especially when adjuvanted ciliates were inoculated.  385 

The administration of antigen preparations (even when adjuvanted) had slight or 386 

no effects on fish weight, as it increased progressively in all groups as expected, and 387 

only LIV-H fish and some GER fish showed lower weight than CTRL fish. 388 

Although we have previously observed an attenuation of virulence after serial 389 

passages in vitro (Alvarez-Pellitero et al. 2004), mortality was not completely avoided 390 

in trial 1 using the passage 41 of A-1 isolate. Moreover, the injection of live ciliates did 391 

not protect fish against a challenge with a virulent ciliate (see Alvarez-Pellitero et al. 392 

2004). Thus the live ciliate was disregarded as a candidate for a further vaccine, at least 393 

under the conditions assayed, and further trials were performed using killed ciliates. 394 
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Whether ciliates cultured at longer term with a higher number of passages could 395 

actually be attenuated remains to be elucidated.   396 

Among the immunization trials using formalin-killed ciliates, the best protection 397 

was obtained in trial 3, when a low dose of ciliate was used for the challenge. However, 398 

fish challenged with the high dose were not protected equivalently. In trial 2, certain 399 

protection was obtained with V3 alone (group V3-t1), but the mortality was higher in 400 

fish receiving any adjuvanted preparation than in CTRL. In trial 4, no mortality was 401 

observed in CTRL fish, and thus comparison of the relative protection was not possible. 402 

However, mortality values for the three groups receiving antigen alone (V1, V3 and V5) 403 

were also very low and cannot be considered significant. In contrast with the current 404 

results, a better protection of fish against other ciliates, namely Ichthyophthirius 405 

multifiliis, has been reported when using live ciliates with respect to killed parasites 406 

(Burkhart et al. 1990, Alishahi & Buchmannn 2006). 407 

The low mortality generally observed in the challenged CTRL fish in all trials is 408 

remarkable and complicates the evaluation of protection in vaccinated groups.  409 

Although a certain attenuation of the passages used for challenge could have occurred 410 

(see Alvarez-Pellitero et al. 2004), other factors related to fish condition and 411 

temperature cannot be disregarded. Mortality in CTRL fish after challenge was 412 

generally higher at higher temperature, as illustrated by comparison of trial 2 at t1 413 

(mortality 32.94 %, temperature 17.9 ºC) and t2 (8.5 %, 12.5 ºC), and also by comparing 414 

trials 3 (40 %, 18.2 ºC) and 4 (0 %, 15.4 ºC), both challenged with A-3 isolate (though 415 

with a previous passage in trial 3). In addition, MDD were usually lower at higher 416 

temperatures. These results confirmed that the virulence of this ciliate is very variable, 417 

and extremely influenced by environmental (mainly temperature) and fish–related 418 

factors, thus complicating the experimental designs and the interpretation of results. The 419 
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virulence seems to be higher at the optimal temperature for the ciliate (18-20 ºC), but 420 

higher temperatures also induce low mortality values (Sitjà-Bobadilla et al. 2008).  421 

The injection of live ciliates (trial 1) produced a low specific antibody response, 422 

as evaluated by ELISA. Only few LIV-H fish were positive at 28 days p.p. (though not 423 

significantly different from CTRL fish), and only against the homologous ciliate but not 424 

against the isolate used for challenge. In contrast, sera of antigen-inoculated fish showed 425 

agglutinating effect on A-1 ciliate, which increased from day 28 to day 57 p.p., and was 426 

also high after challenge. Thus, the injection of live ciliates is capable of inducing 427 

agglutinating activity in serum but did not induce significant levels of specific 428 

antibodies detectable by ELISA. The absence of correlation between ELISA results and 429 

immobilisation assays has also been reported for turbot inoculated with Philasterides 430 

dicentrarchi (Iglesias et al. 2003). In the current work, since the agglutinating effect was 431 

observed using inactivated sera, the involvement of complement or other termolabile 432 

components should be disregarded, and other factors could be involved in agglutination, 433 

such as termostable lectins and/or immobilisation antigens (i-antigens) undetectable by 434 

ELISA. The absence of lysis and further escape of agglutinated ciliates seem to indicate 435 

a change on i-antigens after agglutination, as previously suggested for Philasterides 436 

dicentrarchi (Iglesias et al. 2003, Lee and Kim 2008). Lee and Kim (2008) observed 437 

that P. dicentrarchi expressed different i-antigens and was killed with a lower dilution 438 

of immune sera when obtained from infected fish than when coming from cultures, 439 

suggesting the presence other surface antigens besides the i-antigens.  440 

Homologous agglutination was mostly observed in the current work, as 441 

agglutinating effect against B-2 was only detected with sera obtained at p.c. sampling, 442 

i.e. after inoculation of this isolate, and only the serum of one LIV-L fish showed 443 

agglutinating effect on isolate D. Xu et al. (2006) and Swennes et al. (2007) neither 444 
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found heterologous immobilisation of different serotypes of live Ichthyophthirius 445 

multifilis, though serum antibodies reacted with both serotypes in ELISA and cross-446 

protection was observed in some cases. In the current work, the contact of turbot with 447 

live A-1 ciliates in trial 1 neither induce heterologous protection against challenge with 448 

B-2 isolate, nor specific antibodies against A-1 or B-2 detectable by ELISA. However, 449 

turbot that survived natural scuticociliatosis had relatively high antibody levels (Iglesias 450 

et al. 2003) and they seem to be resistant to further infections (empirical observations in 451 

the farms). Under these natural infections, it can be presumed that fish are exposed to 452 

the parasite repeatedly and for longer periods and new challenges are probably due to 453 

ciliates with similar serotypes. Thus, it seems that a persistent and repeated contact is 454 

necessary to mount a response that protects fish against new scuticociliate challenges. In 455 

addition, in natural infections the routes of entry of the parasite could involve a contact 456 

with mucosal immune tissues and elicit more effective responses than when using the 457 

i.c. route, as it has been described for Cryptocaryon irrritans (Luo et al. 2007).  458 

 In contrast with the results obtained with live ciliates in the current study, a 459 

specific antibody response was clearly detected by ELISA when using formalin-killed 460 

ciliate formulations. However, the kinetics varied according to the trial and antigen 461 

preparation. In both trials 2 and 4, a progressive increase in serum antibodies against the 462 

ciliates used for the challenge (B-2 and A-3, respectively) was observed in vaccinated 463 

fish from p.p. sampling and onwards, peaking usually at the first sampling after 464 

challenge. In trial 2, the comparison of antibody levels against the trivalent antigen (V3) 465 

and against each individual contributing isolate, demonstrated significantly higher 466 

levels against A-2 and D than against B-2 and V3 at both challenge times, though 467 

differences were more evident at time 1. In a previous immunization experiment using 468 

the same V3 antigen, the specific response was also stronger when tested in ELISA 469 
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against A-3 antigen than against V3 (Sitjà-Bobadilla et al., 2008). These differences 470 

further suggest the existence of variable immunogenicity among ciliate isolates.  471 

The comparison of monovalent and polyvalent antigen formulations (trial 4) 472 

demonstrated a higher antibody induction for V1 and V3 than for V5. Polyvalent 473 

vaccines have been used for some bacterial diseases in fish, though an inhibition of the 474 

specific responses can occur (Nikoskelainen et al. 2007). The absence of protection 475 

against some pathogens included in polyvalent bacterial vaccines for turbot has also 476 

been reported (Björnsdóttir et al. 2004, 2005). In the present work, no advantage was 477 

obtained using the V5 ciliate preparation. Antigenic competition, induction of tolerance 478 

and other factors could be involved, as previously suggested (Nikoskelainen et al. 479 

2007). 480 

The kinetics of antibody production could be followed to a longer term in trial 2 481 

(t1 and t2). Specific antibodies decreased from the first to the second sampling after 482 

booster (days 28 and 110 p.b. respectively), though values remained relatively high for 483 

V3-GER group, which also showed the highest response after challenge at t2. Thus, it 484 

seems that the administration of antigen plus adjuvant stimulates memory cells to a 485 

higher degree than when using antigen alone.  Interestingly, GER fish showed antibody 486 

values similar to antigen-inoculated fish at day 102 after challenge at t1, indicating an 487 

immunopotentiating effect of the adjuvant alone able to enhance the production of 488 

specific antibodies after challenge. The elucidation of the mechanisms in the effect of 489 

the different adjuvanted formulations requires further investigations. Some antigen-490 

independent mechanisms could have been stimulated, including the polyclonal 491 

activation, as described for mammals (Minoprio 2001, Traggiai et al. 2003). In the 492 

GERBU 734 formulation used in this study, the lipid microparticles stimulate Th2 cell 493 
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responses, and the GMDP increases the Th1 cell activity (Guy 2007). Ciliate antigens 494 

can trigger different responses, including Th1 cells trough Toll like receptors (TLRs). 495 

According to our results, the use of adjuvant increased generally the specific 496 

antibody response. However, the antibody levels did not correlate with protection, as 497 

low or no protection was obtained with the antigen preparations used in trials 2 and 4. 498 

The absence of correlation between protection and unequivocal specific responses has 499 

been reported for I. multifiliis (Sigh 2004). By contrast, Luo et al. (2006) found good 500 

correlation between antibody levels and protection in fish immunized with live 501 

Cryptocaryon irritans by surface exposure or i.c. injection. According to Alishahi & 502 

Buchmann (2006), other immune effectors could be involved in the response and 503 

protection against I. multifilis, such as lysozyme (that raises after immunization) or 504 

other non-specific elements. In a previous short-scale experiment (to evaluate the effect 505 

of the same V3 scuticociliate antigen and the adjuvant Montanide ISA 763 on turbot) 506 

we demonstrated the stimulation of lysozyme after immunisation of fish with formalin-507 

killed scuticociliates (Sitjà-Bobadilla et al. 2008), though a significant increase was 508 

detected only after challenge, when complement levels were also increased in all 509 

groups. In the same experiment, preliminary information on the effect of GER adjuvant 510 

on turbot was also obtained, and high peroxidase levels observed in V3-GER fish 511 

indicated a profound effect of this adjuvant in turbot immune response, which was 512 

confirmed by the high antibody levels obtained in the current experiments. However, 513 

GER-adjuvant did not result adequate in the conditions and doses assayed. The failure 514 

in obtaining a better protection might be due to an excessive stimulation by its 515 

components, which can lead to an exhaustion of the response and contribute also to the 516 

undesired side-effects. GERBU 734 is a complex experimental formula intended to 517 

enhance both cellular and humoral immune responses and no previous information on 518 
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its use in fish was available before our experiments. Small lipid nanoparticles (average ø 519 

= 0.1 μm) were included in the formula as promoters of the humoral response. 520 

However, as larger particles (5-10 μm) seem to be more effective, and L121 (used as 521 

emulsifier but with its own immunopotentiating effect) is often counterproductive, the 522 

manufacturers have forsaken this particular experimental approach (information 523 

provided by Dr. N. Grubhofer, Gerbu Biotechnik GmbH). Thus, an improvement of the 524 

formulation and an adjustment of the adequate dose would be necessary for its use in 525 

turbot.  526 

Since certain though limited protection was observed using killed ciliates, the 527 

use of an appropriate adjuvant should improve these results. Promising protection 528 

results have been recently reported in small-scale (Sitjà-Bobadilla et al. 2008) or 529 

medium-scale (Sanmartín et al. 2008, Lamas et al. 2008) vaccination experiments using 530 

Montanide ISA 763, and data of the current work suggest the potential of GER or other 531 

complex adjuvants combining easiness of delivery (oil-in-water emulsions or stabilized-532 

lipid microparticles suspensions) and immunostimulating compounds. Thus, further 533 

studies should address large-scale experiments to compare formulations, insisting on 534 

optimum adjuvants, dosages and polyvalent antigens (including A and D isolates), in 535 

order to obtain a combined effect on different immune response pathways without 536 

induction of tolerance. However, it must be stressed that standardization of the 537 

challenge procedure is needed in order to evaluate protection accurately. Since the 538 

development of turbot scuticociliatosis seems a rather complex process in which 539 

environmental, host, and parasite-related factors affect significantly, this standardization 540 

is currently one of the main bottlenecks in the evaluation of vaccine formulas. 541 
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Table 1. Relationship between the serum antibody levels found in turbot injected with 652 

the different types of inocula (antigen, antigen + adjuvant (GER) or adjuvant alone) and 653 

the protection when challenged with a pathogenic scuticociliate strain.  654 

 655 

Trial Type of 

inoculum 

Significantly higher serum antibody 

levels with respect to control fish
a 

Protection
b 

RPS
c 

p.b. p.c 

1 LIV-H NO NO NO -34 

 LIV-L NO NO NO -95 

2 V3-t1 YES YES YES 36 

 V3-GER-t1 YES YES NO -64 

 GER-t1 NO YES NO -74 

 V3-t2 NO YES YES 56 

 V3-GER-t2 YES YES NO -77 

 GER-t2 NO NO NO -55 

4 V1 YES YES NO n.d 

 V3 YES YES NO n.d 

 V5 NO YES NO n.d 

 V1-GER YES YES NO n.d 

 V3-GER YES YES NO n.d 

 V5-GER YES YES NO n.d 

 GER NO YES NO n.d 

a
 Refers to significantly increased OD in ELISA with respect to CTRL-Ch fish at the 656 

post booster (p.b.) and post challenge (p.c.) samplings. Detailed data on specific 657 

antibodies for trials 1, 2 and  4 can be found in Figures 6, 7 and 9, respectively. 658 
b 

Indicates if inoculated fish had (yes) or not (no) lower cumulative mortality than 659 

CTRL fish after challenge. 660 
c 
RPS (relative percentage survival) was not calculated in trial 4 (n.d.), as no CTRL fish 661 

died. 662 

663 
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 Figure legends  664 

Fig.1. Diagrammatic representation of the experimental procedure in trial 1, indicating 665 

the experimental groups (grey boxes), the doses inoculated at priming, booster 666 

and challenge (ellipses), the sampling points (black spots), and the mean water 667 

temperature in each indicated period. Day column indicates the time at which 668 

fish were sampled or inoculated (numbers in squares).  CTRL and CTRL-Ch 669 

were considered as a homogeneous group until challenge. A-1 and B-2 are the 670 

ciliate isolates used for immunization and challenge respectively. Arrows point 671 

to the type of inoculation received by each group at each inoculation time. 672 

CTRL: control; CTRL-ch: challenged control; Bt: booster-injected; LIV-H, LIV-673 

L: inoculated with the high or low dose of live ciliate, respectively. 674 

Fig. 2. Diagrammatic representation of the experimental procedure in trial 2, indicating 675 

the experimental groups (grey boxes), the doses inoculated at priming, booster 676 

and challenge (ellipses), the sampling points (black spots), and the mean water 677 

temperature in each indicated period. Day column indicates the time at which 678 

fish were sampled or inoculated (numbers in squares).  The antigen inoculated at 679 

priming and booster was a mixture of three ciliate isolates (V3). Each group was 680 

challenged (Ch) at two different times (t1 and t2), with the B-2 isolate. CTRL, 681 

CTRL-Ch- t1 and CTRL-Ch- t2 were considered as a homogeneous group until 682 

challenge at t1. Arrows point to the type of inoculation received by each group at 683 

each inoculation time. CTRL: control; CTRL-Ch- t1 and CTRL-Ch- t2: controls 684 

challenged at times t1 (57 d) and t2 (163 d), respectively; V3- t1 and V3-t2: fish 685 

inoculated with V3 antigen at times t1 and t2, respectively; V3- GER-t1 and V3-686 

GER-t2: fish inoculated with V3 antigen plus adjuvant (GER) at times t1 and t2, 687 
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respectively; GER-t1 and GER-t2: fish inoculated with adjuvant (GER) at times 688 

t1 and t2, respectively. 689 

Fig. 3. Diagrammatic representation of the experimental procedure in trial 4, indicating 690 

the experimental groups (grey boxes), the doses inoculated at priming, booster 691 

and challenge (ellipses), the samplings points (black spots), and the mean water 692 

temperature in each indicated period. Day column indicates the time at which 693 

fish were sampled or inoculated (numbers in squares).  Three types of antigens 694 

were inoculated at priming and booster: V1 (one isolate), V3 (a mixture of 3 695 

isolates) and V5 (a mixture of 5 isolates), with or without the adjuvant Gerbu 696 

(GER). Fish were challenged with A-3 isolate. CTRL and CTRL-Ch were 697 

considered as a homogeneous group until challenge. Arrows point to the type of 698 

inoculation received by each group at each inoculation time. CTRL: control; 699 

CTRL-ch: challenged control; V1, V3, V5: fish inoculated with mono- tri- or 700 

pentavalent antigens, respectively; V1-GER, V3-GER, V5-GER: fish inoculated 701 

with VI, V3 or V5 antigens plus adjuvant (GER), respectively: GER: fish 702 

inoculated with adjuvant alone. V1, V3, V5: fish inoculated with mono- tri- or 703 

pentavalent antigens, respectively. 704 

Fig. 4. Percentage of fish whose inactivated fish serum had agglutinating effect on A-1 705 

ciliates in trial 1, for each experimental group at each sampling time post 706 

priming (p.p.). Arrows indicate the days for booster (Bt) and challenge (Ch). 707 

Fig. 5. Serum antibodies against the ciliate B-2 inoculated in the challenge (Ch) at times 708 

1 (t1) (A) and 2 (t2) (B) in trial 2. Each bar represents the mean plus the S.E.M. 709 

of the optical density (O.D.) (ELISA). Different letters above bars indicate 710 

statistically significant differences (P<0.05) between groups at each sampling 711 

time after priming (p.p.). The dotted line represents the threshold level. Data on 712 
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the first sampling (day 27 p.p.) are common to t1 and t2 times. Arrows indicate 713 

the days for booster (Bt) and challenge (Ch). 714 

Fig. 6. Serum antibodies against the different types of ciliate antigen used in the antigen 715 

formulation (V3) in trial 2 before and after the challenge (Ch) at times 1 (t1) (A) 716 

and 2 (t2) (B). Each bar represents the mean plus the S.E.M. of the optical 717 

density (O.D.) (ELISA). Different low case letters above bars indicate 718 

statistically significant differences (P<0.05) between sampling times for each 719 

antigen. Different capital letters in each graph inset indicate statistically 720 

significant differences (P<0.05) between antigens at each sampling day after 721 

priming (p.p.). The dotted line represents the threshold level. 722 

Fig. 7. Serum antibodies against the ciliate B-2 inoculated in the challenge (Ch) in trial 723 

4. Each bar represents the mean plus the S.E.M. of the optical density O.D.) 724 

(ELISA). Different letters above bars indicate statistically significant differences 725 

(P<0.05) between groups at each sampling time after priming (p.p.). Arrows 726 

indicate the days for booster (Bt) and challenge (Ch). The dotted line represents 727 

the threshold level. Table: percentage of fish positive for antibodies in each 728 

group and sampling time. 729 
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