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Abstract 9 

Tightened regulations and an environmentally friendly approaches in fish production have greatly reduced the use of 10 

antibiotics but green solutions are continuously being explored. The use of functional feed may have a potential in the 11 

aquaculture sector in securing biomass and minimizing the loss from disease. In the present study, we tested the concept 12 

that blood from the fish slaughterhouse can be used for mass purification of specific antibodies which subsequently can 13 

be used for feeding fish and thereby confer protection against diseases. IgM was  purified from serum from Yersinia 14 

ruckeri vaccinated rainbow trout and an IgM sandwich ELISA was developed for quantification of rainbow trout IgM. 15 

The purified IgM was encapsulated in alginate microparticles and top-coated in fish feed. IgM re-extracted from the  16 

alginate microparticles was shown to retain high reactivity towards Y. ruckeri antigens indicating that its bioactivity 17 

remained  intact after encapsulation. IgM release from the alginate microparticles was only observed at high pH (pH 18 

8.2) and minimal at low pH, indicating protection of IgM at low pH in the fish stomach during passage. In a feeding – 19 

challenge experiment (feeding 1 week before  Y. ruckeri challenge and for two weeks following challenge), a 20 

statistically non-significant 10% lower mortality was observed in the high dose (400 µg IgM/fish/day fed over 3 weeks) 21 

group.  22 

 Introduction 23 

The annual growth of the aquaculture sector has exceeded 7.8% in the 1990-2010 period [1] making 24 

it the fastest growing food producing sector globally. Intensive fish farming systems face a number 25 



of challenges, including increased risk of disease outbreaks with associated environmental and 26 

animal welfare issues, but immunoprophylactic control measures may reduce disease problems. 27 

Vaccination is generally applied when fish are immune-competent and have well-developed 28 

immune organs but vaccine-induced protection may not always be achievable when considering 29 

young and not fully immune-competent stages. Alternative methods of protection, such as passive 30 

immunization using specific antibodies, may confer protection to young and vulnerable fish. A 31 

series of studies have documented that vaccine-induced protection is in many cases directly related 32 

to production of specific antibodies [2-4] which in rainbow trout comprise IgM, IgT and IgD where 33 

IgM represents the systemic immunoglobulin, whereas IgT and IgD contribute to protection of 34 

mucosal surfaces [5-7]. Passive immunization of fish against bacterial pathogens, such as Vibrio 35 

anguillarum, V. vulnificus and Streptococcus sp., has been demonstrated to confer protection in 36 

larger fish [8-10]. Oral administration of specific antibodies may be a solution for small fish 37 

however the conditions (low pH, proteolytic activity) in the stomach represent a problem. Digestive 38 

degradation of antigens  by low pH and proteolytic  conditions and antigens or proteins should be 39 

protected in such an environment. The use of a low cost biodegradable polymer, such as alginate, 40 

may offer resistance to proteolysis without being immunogenic and toxic. Alginate is one of the 41 

most used polymers for microencapsulation [11] and the alginate from brown algae has been 42 

successfully used for oral vaccination of  Atlantic salmon, Salmon salar against Y. ruckeri [12]. 43 

Recently, it was shown that the feeding of weaning piglets with IgG purified from pig 44 

slaughterhouse blood significantly reduced disease and shedding of pathogenic bacteria, and at the 45 

same time maintained ileal microbial diversity, suggesting its applicability in controlling post-46 

weaning diarrhea in piglets [13]. The present study was conducted to test a parallel concept in fish 47 

for controlling early stage diseases by making use of fish slaughterhouse blood containing specific 48 

immunoglobulins against different pathogens obtained through active vaccination or through 49 



environmental exposure during the grow-out phase. To test this concept, IgM with high activity 50 

against Y. ruckeri was purified from fish vaccinated with Y. ruckeri and encapsulated in alginate 51 

microparticles. The IgM containing alginate microparticles were then top-coated in fish feed and 52 

fed to rainbow trout fry to evaluate the protective effect of orally administered immunoglobulin 53 

against subsequent Y. ruckeri challenge by immersion exposure. 54 

2.  Materials and Methods 55 

2.1. Vaccination  56 

Rainbow trout (N=35, total body weight 0.5- 0.6 kg) were vaccinated with an experimental vaccine 57 

containing formalin-killed whole cell Y. ruckeri bacterin (biotype 1 and 2) [14] in combination with 58 

Freund's incomplete adjuvant (FIA) (vaccine:adjuvant, (vol:vol), 1:1; water-in-oil emulsion). The 59 

final adjuvanted vaccine contained 3 x 1010 CFU/ml and was administered by intraperitoneal 60 

injection (IP: 0.1 ml). Booster vaccination (IP) was applied three weeks (315 degree days) post 61 

primary vaccination and blood samples were taken 7 weeks (735 degree days) post primary 62 

vaccination. Fish were kept at 15°C and daily fed with pelleted feed (2% of biomass). Blood 63 

samples from unvaccinated fish (N= 50; 1.5 – 2.5 kg) were used as a control.  64 

2.2. Blood sampling 65 

Fish were euthanized by MS222 (ethyl 3-aminobenzoate methanesulfonate; Sigma-Aldrich A5040) 66 

immersion (concentration 100 mg/l) and blood samples from 35 immunized and 10 non-immunized 67 

fish by caudal vein puncture (BD Vacutainer®). Serum was recovered by centrifugation (3000 x g) 68 

for 10 min at 4 °C and kept at -80°C for later analysis.  69 

2.3. ELISA 70 

 Specific ELISA to measure antibody titer 71 

Serum samples were analysed for Y. ruckeri specific antibody titers using ELISA [2, 15]. In brief: 72 

microtiter plates (flat-bottom 96-well plates, MaxiSorp™, Nunc) were coated with sonicated 73 



bacterial lysate at 5 µg/ml protein concentration (Y. ruckeri O1 biotype 2) in bicarbonate coating 74 

buffer (Sigma-Aldrich Cat. No. C3041, Denmark) and incubated overnight in a refrigerator. Non-75 

specific binding sites were hereafter blocked with 2% bovine serum albumin (BSA, Sigma-Aldrich, 76 

A4503) in PBS with 0.1% Tween 20 for 1 h at room temperature followed by four times washing in 77 

PBS-T (PBS with 0.1% Tween 20) and plates were stored at -20°C until further use. Serum samples 78 

in duplicate were incubated overnight at 4°C in  antigen coated plates, followed by washing and 79 

incubation with mouse anti-salmonid Ig (AbD Serotec, Dusseldorf, Germany) (dilution:1:500) and 80 

HRP (horseradish peroxidase) conjugated rabbit anti-mouse IgG (AbD Serotec Dusseldorf, 81 

Germany) (dilution1:500) for 1 h at room temperature. After every step, plates were washed 4 times 82 

in PBS-T. To optimize a working dilution, two representative samples from each group were run in 83 

10 fold dilution series (1/50 to 1/500 000) and two serum dilutions (where the non-specific binding 84 

was minimal) were chosen for the final analysis. As a final step plates were incubated with substrate 85 

TMB (tetramethylbenzidine) PLUS (AbD Serotec, Dusseldorf, Germany) for 5-10 min and the 86 

reaction was stopped by adding 1N HCL whereafter optical density (OD) was measured at 450 nm 87 

using an Epoch Spectrophotometer (BioTek Instruments, Inc., Winooski, USA).  88 

 89 

2.4. Preparation of IgM loaded alginate particles 90 

Alginate encapsulation of IgM molecules was performed by a previously  described method [16]. 91 

Briefly, purified concentrated IgM (91.8 mg/ml) was combined with  630 mg medium viscosity 92 

alginate from brown algae (Sigma-Aldrich, A2033) dissolved in 20 ml distilled water and mixed in 93 

a magnetic stirrer for 20 min at room temperature. The aqueous phase (alginate containing IgM) 94 

was then added slowly to an oil phase containing 37 ml octane and 3 ml of Span-80 (continuous 95 

stirring with a handheld pitched-blade homogenizer at 300 rpm). Then, 3 ml of Tween-80 was 96 

added and the emulsification procedure was continued for 1 h at room temperature at 500 rpm 97 



whereafter 7.7 ml of 8% aqueous solution of calcium chloride was added dropwise to facilitate 98 

gelation of microparticles through ionic crosslinking by calcium cations. The mixture was stirred 99 

for 1 h at room temperature at 200 rpm. In order to harden the microparticles , 10 mL isopropyl 100 

alcohol was added and allowed to stir at room temperature for 30 mins. The microparticles were 101 

collected by centrifuging at 250 g for 10 mins and collected microparticles were washed twice with 102 

isopropyl alcohol. The final product was washed in distilled water (2x), lyophilized overnight and 103 

stored at 4°C until use. Using this procedure, four types of IgM-loaded alginate microparticles was 104 

prepared: (i) IgM from Y. ruckeri vaccinated fish (50 mg, 250 mg and 500 mg); (ii) IgM from 105 

unvaccinated fish (250 mg) and (iii) only plain alginate microparticles (no IgM encapsulation). 106 

2.5. Evaluation of stability of alginate encapsulated IgM at different pH and determination of 107 

bioactivity  108 

The release of IgM from alginate encapsulation was tested by incubating 20 mg of encapsulated 109 

microparticles in  1 ml solution at different pH (pH =2.7, 5, 7, 7.7, 8.2 and 10, respectively (glycine, 110 

sodium acetate, PBS, milliq water, EDTA, sodium bicarbonate and sodim phosphate) for 4 days at 111 

room temperature or at 4°C. Hereafter, 100 µl of the incubated solution was used for running the Y. 112 

ruckeri specific ELISA to analyse for release of bio-active IgM. A total of 32.5 µl of the incubated 113 

solution was used for running SDS- PAGE and Western blot to check if the IgM had been degraded 114 

during the process. 115 

2.6. Coating of fish feed with IgM-loaded alginate microparticles 116 

Fish feed (commercial 2 mm pellets , Aller Aqua A/S) was top-coated with alginate microparticles 117 

and sealed with vegetable oil. The encapsulated microparticles containing different amounts of IgM 118 

(50 mg, 250 mg and 500 mg) was added to 50 g of feed and mixed by gentle stirring while 119 

continuously being sprayed with an fine oil spray. In a similar way, 250 mg of anti-Yersinia IgM as 120 



well as oxolinic acid (1.25 g/kg feed; Sigma-Aldrich O0240000) was directly top-coated with 121 

vegetable oil. All coated feed were stored at 4°C. 122 

2.7. Feeding and challenge experiment 123 

Rainbow trout (Oncorhynchus mykiss) fry produced in a re-circulated pathogen-free facility 124 

(Salmon hatchery Bornholm, Nexø, Denmark) were transported to our experimental facility at the 125 

University of Copenhagen, Denmark. Fish were acclimatized in our facility for 1 week at 15°C and 126 

distributed in the experimental tanks. A total of eight groups in duplicate (average body weight 2 g; 127 

25 fish/tank; 16 tanks with 20 L volume) were included in the experiment. Three control groups in 128 

duplicate were included: One group fed with ordinary feed coated with plain alginate (this group 129 

was not given infection and served as uninfected control; group 1). A second group fed the same 130 

way but exposed to Y. ruckeri infection (infected control; group 2). The third control group was 131 

given alginate encapsulated IgM supplemented feed purified from the unvaccinated fish (250 mg 132 

IgM per 50 g feed or 200 µg IgM/fish/day) and exposed to infection (group 3). The three treatment 133 

groups were fed different levels of anti-Yersinia ruckeri encapsulated immunoglobulin: 50, 250 and 134 

500 mg IgM per 50 g feed (corresponding to 40 µg IgM/fish/day, 200 µg IgM/fish/day and 400 µg 135 

IgM/fish/day; group 4, group 5 and group 6, respectively). The seventh group (group 7) of fish was 136 

fed with anti-Yersinia ruckeri immunoglobulin directly oil coated on feed (250 mg IgM per 50 g 137 

feed corresponding to 200 µg IgM/fish/day). Finally, group 8 was fed with antibiotic (oxolinic acid: 138 

1.25 g/kg feed; Sigma-Aldrich O0240000) coated feed (positive control). The experimental groups are 139 

detailed in Table 1.  140 

Fish was fed 2% of body weight (40 mg feed/fish/day) with different codes of feed comprising 40 141 

µg IgM/fish/day, 200 µg IgM/fish/day and 400 µg IgM/fish/day. Fish were fed once in the morning 142 

by slowly adding feed to individual tanks ensuring total consumption of the added feed. After 1 143 

week of feeding with experimental feed, fish were exposed to experimental infection: Water from 144 



each tank was lowered to 5 L and fish were exposed (duration 4 h) to a 48 h culture of Y. ruckeri 145 

(100415-1/4) with a final bacterial concentration of 1.2 x 108 CFU/ml by adding 50 ml of culture 146 

broth. Hereafter clean water was added to the tank reaching a water volume 20 L. On the following 147 

day, water was exchanged with fresh tap water to remove bacteria from the tank. In the uninfected 148 

group control (Group  1, Table 1), sterile LB medium was added (sham infection) and treated 149 

otherwise as infected groups. The fish were continuosly fed with experimental feed for 2 weeks 150 

after exposure whereafter the experiment was terminated. Fish were closely observed following the 151 

infection, any fish swimming abruptly, swimming at the surface with asphyxia and showing severe 152 

sign of disease were euthanized in a high dose of MS222 (ethyl 3-aminobenzoate methanesulfonate; 153 

Sigma-Aldrich A5040) and recorded as mortality. Bacteria from freshly euthanized fish (samples 154 

from head kidney, spleen and brain) were re-isolated on blood agar plates for confirmation of 155 

specific cause of death. 156 

3. Statistical analysis 157 

Mortality data were analyzed by Kaplan-Meier survival analysis and are presented as cumulative 158 

mortality (%). Two-tailed unpaired t-test with Welch’s correction was applied for testing ELISA 159 

data. For determining the concentration of IgM, a standard curve was plotted and analyzed with 160 

non-linear regression (curve fit) with Sigmoidal four points logistic (4PL) and the concentration of 161 

unknown samples was interpolated based on the standard curve (appendix II). The data were 162 

considered significant when P≤ 0.05. 163 

4. Results 164 

4.1. ELISA 165 

Fish vaccinated with Y. ruckeri antigens showed a significantly higher pathogen-specific antibody 166 

level (although with a considerable variation) than the unvaccinated control group (Fig. 1).  167 

4.2. IgM loaded alginate microparticles 168 



Alginate microparticles loaded with anti-Yersinia antibody were exposed to various pH conditions 169 

and IgM release measured using a sandwich ELISA designed to quantify IgM concentration 170 

(Appendix I & II). The highest IgM release at alkaline pH 8.2 (sodium bicarbonate), a lower release 171 

at pH 10 (sodium phosphate 0.1M) but no or minimal release of IgM at low or neutral pH. The 172 

recovered IgM from alginate beads showed a high bioactivity (binding to Y. ruckeri) antigens and 173 

no loss of bioactivity due to the gelation process was detected (Fig. 3). This was further confirmed 174 

by SDS-PAGE (Fig. 4-left) and Western blot (Fig. 4-right) showing that the IgM remained intact 175 

after the gelation process.  176 

4.3. Feeding and challenge experiment 177 

Fish were fed 2% of body weight per day corresponding to specific IgM feeding levels of 40µg 178 

IgM/fish/day (50 mg), 200 µg IgM/fish/day (250 mg) and 400 µg IgM/fish/day (500 mg). Fish were 179 

fed IgM encapsulated feed for 1 week before challenge with Y. ruckeri and during the course of 180 

infection. The control IgM (from un-vaccinated fish) were offered to fish as 200 µg IgM/fish/day 181 

(250 mg). No protective effect of feeding with specific IgM on the survival from lethal challenge 182 

with Y. ruckeri was observed (Fig. 5). The challenge bacterium was re-isolated from all the 183 

euthanized fish and was confirmed by MALDI-TOF MS (matrix-assisted laser desorption 184 

ionization-time of flight mass spectrometry). Only the group fed with oxolinic acid (antibiotic) 185 

showed a significantly lower mortality. Rainbow trout offered feed with the highest anti-Yersinia 186 

IgM concentration showed a 10% lower mortality (p>0.05) than the infected control group and 187 

delay in onset of mortality was observed in this group. Fish fed un-specific IgM also showed a trend 188 

for a lower mortality. An enhancing effect of alginate encapsulation was noted when comparing 189 

mortality patterns between the IgM (only top-coated with oil) and IgM encapsulated in alginate 190 

microparticles (250 mg IgM) (Fig. 5). 191 

5. Discussion 192 



Fish possess an adaptive immune system with an ability to mount a specific antibody response 193 

against pathogens. However, early life stages (fish larvae and fry), have not yet developed a fully 194 

functional immune response and rely to a wide extent on innate immune molecules and maternal 195 

transfer of vital immune factors (complement factors, SAA, serine proteases, and immunoglobulin) 196 

for survival and well-being of young fish [17, 18]. Transfer of immunoglobulin from mother to 197 

offspring occurs in fish [19-22] and this vertical transmission confers protection [23] which frames 198 

the importance of securing immunized brood fish for generation of healthy offspring [24]. Passive 199 

immunization (transfer of immune serum to naive fish by injection) has shown to enhance 200 

protection for more than 2 months post administration against vibriosis caused by Vibrio 201 

anguillarum [20]. Passive immunization by use of oral administration of fish serum containing 202 

specific immunoglobulin from immunized fish would be a less laborious and less costly method. 203 

However, preliminary trials could not document enhanced survival in rainbow trout fingerlings 204 

following challenge with Vibrio anguillarum but the lack of protection could be due to proteolysis 205 

of antibodies in the gastro-intestinal tract of salmon [25]. We evaluated the effect of alginate-206 

encapsulation to overcome the degradation in the gut as intact antibodies, protected against 207 

proteolysis, could confer short-term immunity until the young fish is fully immune-competent and 208 

able to respond to vaccination. This approach would be equally beneficial in protecting larger fish 209 

or high-value fish which are close to harvesting but are at high risk to disease outbreak and for 210 

which active vaccination is not an option. In the present study, blood harvested from vaccinated fish 211 

with high antibody titers against Y. ruckeri was used for the production of alginate encapsulated 212 

IgM microparticles which subsequently were applied for the feeding of rainbow trout fry. In order 213 

to optimize precision in the study we further developed and validated a sandwich ELISA for 214 

quantification of IgM from rainbow trout using a mouse monoclonal anti-salmon antibody [26, 27] 215 

as both catching and detection antibody (supplementary material II).  Oral active immunization 216 



applying alginate encapsulated bacterial cells was previously demonstrated to be effective in 217 

boosting immune response and increasing protection of salmon [12, 28] which suggests that 218 

alginate encapsulation is a useful technology for delivery of cells, proteins and low molecular 219 

weight drugs [29]. In the present study alginate from brown algae was used for encapsulation of 220 

purified IgM from vaccinated or un-vaccinated fish. The in vitro incubation experiment suggests 221 

that IgM is protected from degradation at acidic conditions as there was no release of IgM at pH 2 222 

and merely partial discharge of IgM occurred at higher pH (maximum at pH 8.2 and minor release 223 

at pH 10).  Analysis of gut samples would have shed more light on the quantity of specific IgM 224 

delivered into the gut and its intestinal release, but was not performed in the present study. 225 

However, previous studies suggest that alginate microcapsules are retained in the gut lumen or 226 

found in the intestinal epithelium within 1.5 h and in the lamina propia 6 h after oral administration 227 

[16]. We showed that the bio-activity of IgM remained intact as re-harvested IgM from alginate 228 

microparticles showed a strong binding towards Y. ruckeri antigen as tested by pathogen-specific 229 

ELISA. This indicates that there is no deleterious effect of the emulsification and gelation process 230 

on the activity of anti-Yersinia IgM which supports previous studies showing that the 231 

immunogenicity of antigen or protein are not affected by the process [12, 16]. 232 

Our in vivo studies (feeding a diet containing anti-Yersinia ruckeri IgM) did not show a 233 

significantly enhanced survival of fish challenged with Y. ruckeri but a tendency towards 234 

protection (10%) was observed for the fish group fed the highest IgM dose (400 µg/fish/day). The 235 

bacterial dose used for challenge may have been too high compared to the administered amount of 236 

IgM and a lower challenge dose may allow a better segregation between differently IgM-dosed 237 

groups. Future studies should therefore elucidate if increased IgM levels in feed and/or a lowered 238 

infection pressure result in elevated protection. It may be speculated that IgM reaching the gut in 239 

feed may bind to and inactivate a pathogen in the lumen or within the intestinal wall and/or that 240 



elevated IgM levels at bacterial entry portals (anal opening, intestine, stomach, gills, lateral line, 241 

epidermis, dorsal fins and olfactory bulb [30, 31] may delay or prevent invasion. As IgM is a high 242 

molecular weight protein its uptake from the gut to the circulation is unlikely unless M-cells assist 243 

the process but such a scenario should be further investigated. 244 
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Table 1. The experimental set-up used for testing the protective effect of feeding Yersinia ruckeri specific IgM encapsulated in alginate microparticles. Each group 
consisted of 50 fish divided into duplicate (25 fish/tank) and fish were fed with medicated feed for 1 week before challenge infection and 2 weeks during the infection 
period. The water level was lowered to 5 L during the challenge infection and fish was exposed to 1.2 x 108 CFU/ml concentration of bacteria soup for 4 h. The 
experiment was conducted at 15°C for 3 weeks and moribund fish were euthanized using a high dose of MS222. 
 

 Group 
no. 

Groups Feed coated with: IgM 
concentration 

No. of fish/group Challenge infection 
Bath exposure for 4 h 

1 Uninfected control  Plain alginate microparticles 0 50 No 

2 Infected control  Plain alginate microparticles 0 50 1.2 x 108 CFU/ml 

3 Un-specific IgM Alginate microparticles with un-specific IgM  200 µg/fish/day 50 1.2 x 108 CFU/ml 

4 Anti-Yersinia IgM    Alginate microparticles with  anti-Yersinia IgM 40 µg/fish/day 50 1.2 x 108 CFU/ml 

5 Anti-Yersinia IgM   Alginate microparticles with  anti-Yersinia IgM 200 µg/fish/day 50 1.2 x 108 CFU/ml 

6 Anti-Yersinia IgM  Alginate microparticles with  anti-Yersinia IgM 400 µg/fish/day 50 1.2 x 108 CFU/ml 

7 Anti-Yersinia IgM   Feed oil coated with  anti-Yersinia IgM 200 µg/fish/day 50 1.2 x 108 CFU/ml 

8 Oxolinic acid  Feed oil coated with Oxolinic acid (1.25 g/kg) 0 50 1.2 x 108 CFU/ml 













Figure 1. Yersinia ruckeri specific antibody titer from vaccinated and unvaccinated fish. Fish were vaccinated with Y. 
ruckeri 3 × 1010 CFU/ml (containing both biotype 1 and 2) in Freund’s incomplete adjuvant (1:1). ELISA plates were 
coated with sonicated lysate of Y. ruckeri (5 µg/ml protein concentration) and tested for antibody titer. Each symbol 
represents a single fish and asterisk (*) on the top indicates a significantly different (P≤ 0.05) from the unvaccinated 
control group. 

Figure 2. The sandwich ELISA developed for quantification of rainbow trout IgM. ELISA plates were coated with 
monoclonal antibody against rainbow trout IgM (1/1000 dilution) and detection antibody was based on the same 
antibody with biotinylation. Pooled samples from vaccinated or unvaccinated fish were run in dilutions and calculation 
of IgM was performed based on the standard purification.  Asterisk sign (*) on the top indicates a significantly different 
(P≤ 0.05) from the control group.  

 

Figure 3. Binding of specific antibody against Yersinia ruckeri after elution from alginate microparticles. The IgM 
encapsulated alginate microparticles were incubated with sodium bicarbonate pH 8.2 for 4 days and the re-extracted 
IgM (100 µl) was used for testing bio-activity in pathogen-specific ELISA (plate coated with sonicated lysate of Y. 
ruckeri (5 µg/ml protein concentration)). 

 

Figure 4. Quality of specific antibody against Yersinia ruckeri following elution from alginate microparticles. The IgM 
encapsulated alginate microparticles were incubated with sodium bicarbonate pH 8.2 for 4 days and the re-extracted 
IgM was used for running SDS-PAGE (left) and Western Blot (right) to test if encapsulation process leads to any 
changes in protein integrity and to test the release of encapsulated IgM at different pH.  

 

Figure 5. Cumulative mortality of fish after challenge infection with Yersinia ruckeri biotype 2. Fish were fed with a 
diet containing anti-Yersinia ruckeri antibody (IgM) for three weeks (1-week pre-feeding before challenge and 2 weeks 
feeding during the infection). A total of eight groups in duplicate was included in the experiment. Three control groups 
were included in the study where one group was fed with ordinary feed coated with plain alginate (this group was not 
given infection and served as uninfected control) and the second group was given the same feed type as group 1 but this 
group was given infection (infected control). The third control group was given alginate encapsulated IgM 
supplemented feed purified from the unvaccinated fish and infection was applied. Three groups were given 
immunoglobulin in feed (three dosages). The seventh group of fish was fed with anti-Yersinia ruckeri immunoglobulin 
directly oil coated on feed. And the last group (8) was fed with antibiotic (oxolinic acid: 1.25 g/kg feed) coated feed 
(positive control). The experimental groups are detailed in table 1. For infection, Fish were exposed to 48 h culture of Y. 
ruckeri (100415-1/4) bacterial soup for 4 h with a final bacterial concentration of 1.2 x 108 CFU/ml. 

 

 



Highlights 

 

• Yersinia ruckeri specific IgM was purified and encapsulated in alginate mircoparticles 

• Bio-activity and integrity of encapsulated IgM remain intact 

• IgM encapsulated microparticles were top-coated in fish feed 

• Feeding and challenge experiment was performed to evaluate protection 

• Highest dose of IgM fed group showed 10% lower mortality indicating its positive effect. 

 


