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A B S T R A C T

The effectiveness of ionotropic gelation method (by combining alginate and chitosan) vaccine against
Lactococcus garvieae and Streptococcus iniae was examined in rainbow trout. Fish were separated into four groups
and fed the distinctive examined feeds. Our groups were included: A) fish immunized by chitosan-alginate
coated vaccine, B) fish immunized by non-coated vaccine, C) fish feed by chitosan-alginate coated pellets
without vaccine and D) fish feed by basic diet (non-coated and without vaccine). In groups A and B, the vac-
cination was carried out for 14 days. Fish of group C, like groups A and B were fed 14 days with pellets covered
with chitosan-alginate without vaccine and a short time later they were fed with control diet. On day 0, 20, 40
and 60 of the trial, serum samples were extracted. Fish were challenged with L. garvieae and S. iniae after 60 days
of research. Innate immunity components containing complement activity, total protein and IgM appeared no
significant changes nearly in all groups during the 60 days that the examination finished. Although, bactericidal
activity and lysozyme activity demonstrated a significant increase on days 20, 40 and 60 in group A compared to
control groups (C and D) (P < 0.05) and similar results about the blood respiratory burst activity just on days 20
and 40 were obtained. Also, the relative expression of IL-6 of group A, was significantly higher compared to all of
other groups (B, C and D) on days 20 and 60 of experiment (P < 0.05). The same results were obtained about
the relative expression of IgM. The serum ELISA antibody titer against L. garvieae, increased significantly on days
20 and 40 of experiment in fish immunized by chitosan-alginate coated vaccine (Group A) compared to control
groups (C and D)(P < 0.05) while the result of ELISA test against S. iniae was significantly higher on days 40
and 60 of experiment in group A compared to groups B, C and D (P < 0.05). After challenge with these two live
bacteria (S. iniae and L. garvieae), a survival rates of 76.67 ± 5.77% (challenged with S. iniae) and
66.67 ± 5.77% (challenged with L. garvieae) were seen in group immunized with chitosan-alginate coated
vaccine (Group A), which were higher than survival rates gotten in other trial groups (P < 0.05). The con-
sequences of the present experiment show that the oral vaccination of rainbow trout with improved chitosan-
alginate (via ionotropic procedure) (group A) properly secures this important fish against Lactococcus garvieae
and Streptococcus iniae.

1. Introduction

Vast variety of diseases are of the fundamental constraining issues
identified with serious culture of sea life forms. Amid the most recent
decade, plague and sporadic of Gram-positive cocci have been ac-
counted for from various parts of the world [1]. Streptococcus iniae and

Lactococcus garvieae are known as two noteworthy types of strepto-
coccal diseases in many fish species especially salmonid fishes. Strep-
tococcosis and Lactococcosis illnesses are brought about by Strepto-
coccus iniae and Lactococcus garvieae separately which as a rule rise
when the water temperature is over 15 °C [1,2].

Lactococcosis is a sort of streptococcosis with a wide scope of
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clinical signs including anorexia, melanosis, dormancy, sporadic
swimming, exophthalmia, injuries in the vascular endothelium, ag-
gregation of ascitic liquid in peritoneal depression, surface (in the base
of fins, opercula-bucal locale) and interior hemorrhages (in the swim
bladder, intestine, liver, spleen and kidney) and furthermore rot in the
liver and spleen [1,3–5]. It must be indicated that this pathogen causes
genuine monetary misfortunes because of raised rates of mortality (up
to half) and diminishing fish development rate. Like Lactococcus gar-
vieae, there are numerous reports with respect to the flare-ups of S. iniae
contamination with high death rates in aquaculture [6]. The clinical
indications of S. iniae are most like L. garvieae, for example, anorexia,
laziness, hemorrhage and exophthalmia [7].

It is very much perceived that vaccination could be a compelling
methodology to immunize fish against pathogens [8–10]. Fish vaccines
can be utilized by injection, immersion and oral administration. Typi-
cally, the injection and immersion techniques are favored for vaccina-
tion because of their high viability [11–14]. However, these techniques
are not appropriate for broad aquaculture on account of taking care of
pressure and high work costs. Conversely, the oral immunization is by
all accounts a perfect option, since it is less tedious, more practical and
permits mass vaccination of fish [11,15–17]. Notwithstanding, till now,
oral vaccination has not been as viable as injection or immersion im-
munization.

Today, numerous investigations have concentrated on covering of
oral vaccines to upgrade the efficacy of vaccine delivery [18–21]. In
such manner, polymers have been effectively used to keep vaccines
against the acidic situation of stomach [22]. Chitosan-alginate con-
tainers are of productive materials for covering of oral immunizations
in aquaculture.

Chitosan is a biopolymer of glucosamine and N-acetyl glucosamine
deposits, acquired from the losses of seafoods, for example, shrimp,
crab shell and furthermore cell wall of fungi [23,24]. As regular
polymer, nanoparticles of chitosan have indicated suitable adequacy in
covering of oral fish vaccines [25–27]. Notwithstanding chitosan, al-
ginate microparticles were likewise utilized for covering of an oral
vaccine. Alginates are polysaccharides removed from brown seaweeds
and have comprised of chains of ß-D-mannuronic (M) and ar-L-gu-
luronic (G) acids [20,21,23].

In the present study, we have investigated for the first time a chit-
osan-alginate-coated oral vaccine against Streptococcus iniae and
Lactococcus garvieae in rainbow trout. Our trial was trailed by esti-
mating immunological components (bactericidal activity, lysozyme
activity, total protein, alternative complement activity, blood re-
spiratory burst activity, total Immunoglobulin, the expression of im-
mune related genes (IL6: interleukin 6, and IgM) and antibody titer in
sera from rainbow trout after immunization. Besides, fish were tested
with live S. iniae and L. garvieae after vaccination to assess the viability
of the vaccination.

2. Materials and methods

2.1. Preparation of bacteria

The bacterial strains of Streptococcus iniae and Lactococcus garvieae
were gotten from contaminated fish of Dehdasht, Iran (these bacteria
were utilized after PCR and sequencing) and developed in Trypticase
Soy Broth (TSB; Difco) medium at 27 °C for 48 h. Formalin-killed S.
iniae and L. garvieae (FKB) were prepared by Eko et al. [28] and Chu
[29]. Briefly, formalin was added to a 48 h culture of the bacterium and
after 3 h incubation at 35 °C, the suspensions were kept overnight at
4 °C. At that point, the cells were centrifugated (6500 g; for 30min at
4 °C). After centrifugation, the suspensions were washed 3 times with
phosphate buffered saline (PBS, pH: 7.4) and resuspended in PBS to get
the final concentration of 1×1010 cells/ml. Additionally, an aliquot of
each readied FKB was hatched on TSB agar at 27 °C for checking
sterility. All FKB samples were put in storage at 4 °C until use.

2.2. Ionotropic gelation method

Alginate/chitosan nanoparticles were set up in a twostep strategy
dependent on the ionotropic pre-gelation of polyanion with calcium
chloride followed by polycationic crosslinking via a protocol earlier
explained [30], modified by perfect pre-gelation stoichiometric pro-
portion and time of drug association [31]. This instruction has been
improved to better effect by our research team. Therefore, 7.5ml of
18mM calcium chloride solution was dropped for 60min under
800 rpm into a measuring beaker containing 117.5 ml of a 0.63% (w/w)
alginate solution. 5ml of bacterial suspension (at concentration of
2.4× 109 cells) was blended with the alginate solution before calcium
chloride addition to give an alginate pre-gel. Then, 25ml of chitosan
solution (concentration: 0.07%, w/w) was poured dropwise into the
pre-gel over 90min. Nanoparticles were held with an extra mixing for
30min to enhance curing, and separated by centrifugation (3000 g/
45min) at 4 °C. After preparation of the product, it was sprayed on
pellets (Skretting, Italy, diameter= 1mm).

2.3. Samples preparation for the scanning electron microscope

Scanning electron microscope (SEM) is utilized to evaluate the
morphology and size distribution of dried microspheres. The freeze-
dried microspheres were redistributed in distilled water and spilled into
an aluminum stubs. Then, the solution was dried via air flow under
encompassing conditions. In the long run, microspheres were covered
with gold particles before dissecting by scanning electron microscope.

2.4. Preparing of samples for an optical microscope

After preparing ionotropic gelation, one drop of the item was ex-
posed to an optical microscope (with 40× 100 and 100× 100 mag-
nification) to assess the different quantities of bacteria and the thready
structure of emulsification.

2.5. Experimental design

Fish were dispersed into 500 l tanks in four experimental treatments
with three replicates. The treatments were: Group A) (n= 150): fish
immunized by chitosan-alginate coated vaccine, Group B (n= 150):
fish immunized by non-coated vaccine, Group C (n=150): fish feed by
chitosan-alginate coated pellets without vaccine and Group D
(n= 150): fish feed by basic diet (non-coated and without vaccine). In
groups A and B, fish were fed with vaccine for 14 days and afterward
fed basic diet for 60 days. Like groups A and B, fish of group C were also
supplemented 14 days with trial diets and afterward fed control diet.
During the examination, fish were fed two times each day at a rate of
3% of body weight. Likewise, initial mean weights of fish were
10 ± 0.6 g, which achieve 50 ± 0.4 g after 60 days experiment.

2.6. Challenge experiment

The challenge test was done on day 60 post-vaccination by exposing
fish of each exploratory group to doses of S. iniae (5× 10⁶ cfu/ml) and
L. garvieae (4.7× 10⁵ cfu/ml) independently. The mortality rate was
recorded during 10 days after challenge.

2.7. Immunological assays

In the present study, the defined immune factors were estimated on
day 0, 20, 40, and 60 after the start of the investigation. The blood
examining was applied utilizing an insulin syringe from caudal ped-
uncle. Afterward, the blood samples were centrifuged (13,700 g for
10min) to segregate the serum. Plasma samples were kept quickly at -
80 °C until biochemical or immunological examines.
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2.7.1. Complement activity
Alternative complement activity (ACH) was examined dependent on

the hemolysis of rabbit red blood cells (RRBC) as indicated by the
strategy for Yano [32] with a few adjustments. Briefly, sera were first
diluted with Veronal buffer and 1% RRBC suspension was appended to
each sample. After 24 h brooding at 4 °C, the samples were centrifuged
at 3500×g for 5min and, 150 μl of supernatants were exchanged to the
plates with flat bottom and the optical density of wells was perused at
540 nm utilizing an ELISA reader (Accu Reader, Taiwan).

2.7.2. Lysozyme activity
Serum lysozyme activity (U/ml) was estimated by turbidmetric

examine strategy as indicated by Esteban et al. [33]. The strategy de-
pended on lysis of a lysozyme-sensitive Gram-positive bacterium, Mi-
crococcus lysodeikticus (Sigma, USA). Briefly, in the plate with flat
bottom sera were added to a 0.15mg/ml of Micrococcus lysodeikticus in
0.1 M acetate buffer (pH=5) and the optical density of wells was
perused after 3min at room temperature (RT) at 540 nm utilizing an
ELISA reader (Accu Reader, Taiwan). The reduce in absorbance of
0.001 min−1 was evaluated as one unit of Lysozyme activity.

2.7.3. Bactericidal activity
The bactericidal activity was assessed by Budino et al. [34] with a

few alterations. Briefly, 50 μl of 106 cfu/ml of the previously mentioned
bacteria was added to 25 μl of serum sample and 25 μl of sterile PBS.
After 6 h hatching at RT, 50 μl MTT (dimethylthiazol-diphenyl tetra-
zolium bromid) (Sigma, M5655) was poured to suspension. At that
point, the suspension was brooded at room temperature for 15min. At
last, the suitable bacteria (Formazan positive cells) were measured
spectrophotometrically at 600 nm by an ELISA reader (Accu Reader,
Taiwan).

2.7.4. Blood respiratory burst activity
The blood respiratory burst activity was tested dependent on the

technique for Secombes [35]. For this goal, 100 μl of blood sample was
first poured to 100 μl 2% NBT (Nitro Blue tetrazolium, Sigma) and
hatched for 30min at room temperature. Afterward, 100 μl of this
mixture was added to 2000 μl dimethylformamide and after that cen-
trifuged at 3000 rpm for 10min. At last, the absorbance of the super-
natant was perused by a spectrophotometer (Shimadzu, Japan) at
620 nm.

2.7.5. Total protein content and IgM
Total protein (mg/ml) was estimated by the convention re-

commended by Lowry et al. [36]. The measurement of IgM was esti-
mated by Siwicki and Anderson [37] strategy. The process of sedi-
mentation of immunoglobulin content was carried out by utilizing a
12% solution of polyethylene glycol (Sigma, USA).

2.8. Enzyme-linked immunosorbent assay (ELISA) antibody titers

An Enzyme-linked immunosorbent assay (ELISA) was performed
utilizing sera samples from test groups to measure antibody titers
against L. garvieae and S. iniae in accord with Shelby et al. [38]. The
antibody test was done independently for each tested bacteria.

Briefly, ELISA plates (Nunc, Denmark) were independently covered
with 50 μl sonicated S. iniae or L. garvieae (100 μg/ml) antigen at a 1:50
dilution in coating buffer (carbonate bicarbonate with pH = 9.6) for
18 h at 4 °C. By using phosphate-buffered saline (PBS) including 0.05%
of Tween-20 (PBS-T), plates were washed and after that impeded with
2.5% skim milk (High media, India) which mixing with phosphate-
buffered saline + Tween-20 (PBS-T) for 1 h at 25 °C.

Following blocking, plates were again washed with PBS-T (3 times).
The serum samples of rainbow trout (100 μl S. iniae or L. garvieae) were
then poured at a 1:25 dilution in PBS-T-S (phosphate-buffered saline
+0.05% Tween-20 (PBS-T) containing 0.1% skim milk). The plates
were kept at 25 °C for 90 min with shaking and then washed again as
above. After washing, 100 μl of mouse monoclonal anti-rainbow trout
immunoglobulin (prepared by prof. Seyfi in our faculty) diluted
(1:7500) in PBS-T-S was added to wells of ELISA plates. The plates were
shaken for 60 min and then washed with PBS-T for three times.
Afterward, 50 μl of goat anti-mouse IgG HRP conjugate (Sigma-Aldrich)
diluted (1:2500) in PBS-T-S was added to wells and incubated for
60 min. After washing with PBS-T, 50 μl TMB (3,3′, 5,5; -tetra-
methylbenzidine-H2O2) chromogen solution was added to wells and
allowed to react at 25 °C for 10 min. Finally, the reaction was stopped
with 50 μl 2 N H2SO4 and serum antibody titers read at 450 nm using a
ELISA reader (Accu Reader, Taiwan).

2.9. Gene expression analysis of IgM and IL-6

2.9.1. Total RNA extraction and cDNA synthesis
Entire RNA substance of head kidney was extracted by the RNX™

Isolation Reagent (SinaClone Bioscience, Iran) in view of the manu-
facturer's guidelines. The quantification of RNA was done by spectro-
photometry (Eppendorf, Germany) utilizing routine methods. RNA
isolates with 260/280 nm absorption ratio> 1.8 were considered to
synthesis of cDNA. Reverse transcription was performed with the YTA
cDNA synthesis kit utilizing 10 μl of RNA and random hexamer de-
pendent on the protocol of the manufacture (Yektatajhiz, Iran).

2.9.2. Primer design for qPCR
The primers of qPCR were structured dependent on gene sequence

of IL6 and IgM in GenBank of NCBI database utilizing Gene Runner
(version 6.) software. The sequence of designed primers has been dis-
played in Table 1. In order to standardization of expression levels, EF1α
gene was utilized as reference gene.

2.9.3. Quantitative real-time PCR (qPCR)
To assess changes in the expression level of IgM and IL-6, real-time

PCR was utilized using a Lightcycler® Detection System (Roche, USA).
For reference gene the elongation factor 1 α (EF1α) was utilized. In
Table 1 the sequences of primers applied in the present examination are
appeared. Processes were performed in a 12.5 μl mixture containing
6.25 μl qPCRTM Green Master Kit for SYBR Green I®: 0.25 μl of per
primer (200 nM), 3 μl cDNA (100 ng), and 2.25 μl water without nu-
clease (Yektatajhiz, Iran). The PCR convention utilized comprised of
5min denaturation at 94 °C pursued by 45 cycles of 94 °C for 15 s, 60 °C
for 30 s. Two individual reactions without cDNA or with RNA were
carried out in parallel as controls. The levels of relative gene expression

Table 1
Sequences of oligonucleotide primers used for real-time PCR.

Gene Accession number qPCR primers Forward/Reverse Amplicon (bp)

IgM S63348 TACAAGAGGGAGACCGGAGGA 220
CTTCCTGATTGAATCTGGCTAGTGGT

IL-6 NM_001124657 CCTTGCGGAACCAACAGTTTG 187
CCTCAGCAACCTTCATCTGGTC

EF1α XM_020500543 CAAGGATATCCGTCGTGGCA 205
ACAGCGAAACGACCAAGAGG
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were calculated utilizing the comparative threshold cycle (2−ΔΔCT)
strategy and Lightcycler 96® software. Approval of test to watch that the
primer for the IgM and IL-6 had comparable enhancement efficiencies
was executed as portrayed beforehand [39]. The analyses of all qPCR
were applied according to procedure of Bustin et al. [40].

2.10. Data analysis

The SPSS software V.22 was used for data analysis. The normality of
data was evaluated by Kolmogorov–Smirnov test. One-way analysis of
variance (ANOVA) was employed to compare the means. Duncan
complementary test were used for determining the significant differ-
ences among the groups. A p-value of< 0.05 was accepted as sig-
nificant. Comparison of differences in survival among the groups were
analyzed using the Kaplan–Meier survival analysis test (Log-rank value)
(SPSS 22.0 version).

3. Results

3.1. Coating efficiency

The analysis of chitosan-alginate coated vaccines with SEM (Fig. 1)
and optical microscope (Fig. 2) confirmed the high efficacy of structure
of filaments (thready structure) and appropriate entrapment of these
two inactivated bacteria (S. iniae and L. garvieae).

3.2. Innate immunity components

3.2.1. Complement activity, total protein and IgM
In all experimental groups, the serum alternative complement ac-

tivity (Fig. 3, P > 0.05), total protein (Fig. 4, P > 0.05), and IgM
(Fig. 5, P > 0.05), showed no significant differences during the 60
days experiment.

3.2.2. Lysozyme activity
The serum lysozyme activity of group A showed significant differ-

ences on days 20,40 and 60 of the experiment in comparison with
control groups(C and D)(Fig. 6, P < 0.05). Other groups had no sig-
nificant differences during the 60 days of experiment. Also between
each sampling time a significant differences was observed between

group A and control groups (C and D) on day 20,40 and 60 while, on
day 40 a significant differences was observed between group A and all
of other groups (B, C and D) (Fig. 6, P < 0.05).

3.2.3. Bactericidal activity
A significant differences in serum bactericidal activity was found on

days 20,40 and 60 post-vaccination of group A compare to control
groups (C and D) (Fig. 7, P < 0.05). There were significant differences
in serum bactericidal activity of groups A and B on day 20 of experi-
ment in each sampling time in comparison with groups C and D (Fig. 7,
P < 0.05) and on days 40 and 60 these differences (about each sam-
pling time) was found just in group A (Fig. 7, P < 0.05).

3.2.4. Blood respiratory burst activity
Fish immunized by chitosan-alginate coated vaccine (Group A)

showed more blood respiratory burst activity on days 20,40 post-vac-
cination compared to control groups(C and D) (Fig. 8, P < 0.05).
About this factor, there were significant changes between group B and
control groups (C and D) on day 20 (P < 0.05). But on day 40, no
significant differences were observed between group B and control
groups (C and D) (Fig. 8, P > 0.05).

3.3. Expression of immune-related genes in kidney

3.3.1. IL-6
The relative expression of IL-6 in group A was affected significantly

by oral vaccine immunization. Expression of this gene, was significantly
higher in group A compared to all of other groups (B, C and D) on days
20 and 60 of experiment (Fig. 9 A, P < 0.05). Also the highest relative
gene expression of IL-6 was observed on day 20 in group A. Moreover,
about the each sampling time in the days 20 and 60 of trial, the ex-
pression of IL-6 was significantly higher in group A compared to groups
B, C and D (Fig. 9 A, P < 0.05).

3.3.2. IgM
Similar results were obtained about the relative expression of IgM.

So, the expression of this gene was significantly higher in group A
compared to groups B, C and D on days 20 and 60 of trial (Fig. 9 B,
P < 0.05). But, in contrast with IL-6 of group B, the expression of IgM
of group B, was significantly higher compared to groups C and D on

Fig. 1. SEM images of ionotropic gelation procedure from Low magnification to high magnification (100x, 250x, 500x, 1000x, 2500x, 5000x) with high quality of the
thready structure of the images.
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days 20 and 60 of examination (Fig. 9 B, P < 0.05). Also, about the
each sampling time, on days 20 and 60 of experiment, the relative
expression of immune related genes of IgM was higher in fish im-
munized by chitosan-alginate coated vaccine (Group A) compared to
groups B, C and D.

3.4. Antibody titer

3.4.1. Antibody titer against L. garvieae
The serum ELISA antibody titer against L. garvieae, increased sig-

nificantly on days 20 and 40 of experiment in fish immunized by
chitosan-alginate coated vaccine (Group A) compared to control groups
(C and D) (Fig. 10 A, P < 0.05). In each sampling time, the antibody
titer against L. garvieae showed significant differences between group A
compared to groups B, C and D on days 20 and 40 of post-vaccination
(Fig. 10 A, P < 0.05).

3.4.2. Antibody titer against S. iniae
The serum ELISA antibody titer against S. iniae was significantly

higher on days 40 and 60 of experiment in fish immunized by chitosan-
alginate coated vaccine (Group A) compared to groups B, C and D
(Fig. 10 B, P < 0.05). In each sampling time, the antibody titer against
S. iniae was significantly higher on days 40 and 60 of experiment be-
tween vaccinated fish by ionic gelation process (group A) and other
groups (B,C and D) (Fig. 10 B, P < 0.05).

3.5. Bacterial challenge

After bacterial challenge, survival percentage of 76.67 ± 5.77%
(challenged with S. iniae) and 66.67 ± 5.77% (challenged with L.
garvieae) were observed respectively in groups immunized by chitosan-

alginate coated vaccine (Group A), which were higher than survival of
other experimental groups (P < 0.05) (Table 2).

4. Discussion

Chitosan-alginate particles have been so far utilized for covering of
oral vaccination in fish, however, no reports are accessible with respect
to the utilization of this covering for orally vaccination of rainbow trout
against L. garvieae and S. iniae. In the present examination, for the first
time, an oral immunization by chitosan-alginate (the modified iono-
tropic method) was utilized to immunize rainbow trout against L. gar-
vieae and S. iniae. Until now, different microparticles have been utilized
for encapsulation of the oral vaccines in salmonidae. These are coat-
ings, for example, alginate [20], sodium alginate [41], Eudragit L30D-
55 [42], poly lactide-co-glycolide (PLGA) polymers [41,43] and ECAMs
[44]. In the investigation of Joosten et al. [20], more antibody titers
were seen when fish were immunized orally with pellets covered with
alginate microparticles, yet they did not report fish mortality after test.
Comparable outcomes were gotten when the rainbow trout were
nourished an oral vaccine covered with poly lactide-co-glycolide acid
(PLGA) [43]. Once more, there were no reports in regards to the fish
mortality in the investigation of Lavelle et al. [43]. After test with L.
garvieae, a survival level of 53–63% was seen in rainbow trout vacci-
nated orally with vaccine covered with sodium alginate and lactide-co-
glycolide (PLGA) microparticles [41]. In the present examination, for
the first time this improved and modified alginate/chitosan mixture
was utilized for generation of an oral vaccine against S. iniae and L.
garvieae. In this research, survival rates of 76.67 ± 5.77% and
66.67 ± 5.77% were acquired in groups vaccinated with pellets cov-
ered with alginate/chitosan (Group A) after challenge with S. iniae and
L. garvieae respectively. These survival rates were fundamentally higher

Fig. 2. An optical microscope image of ionotropic emulsion–gelation method with inactivated bacteria (Image A: with magnification of 40× 100 and image B with
magnification of 100×100).

Fig. 3. Serum complement activity (the mean OD values)
of rainbow trout fed different experimental diets. Group
A (n= 150): fish immunized by chitosan-alginate coated
vaccine, Group B (n=150): fish immunized by non-
coated vaccine, Group C (n= 150): fish feed by chitosan-
alginate coated pellets without vaccine and Group D
(n= 150): fish feed by basic diet (non-coated and
without vaccine). In each group, bar assigned with dif-
ferent letters denote separately the significant differences
during 60 days experiment (P < 0.05).
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Fig. 4. Serum total protein of rainbow trout fed different
experimental diets. Group A (n= 150): fish immunized
by chitosan-alginate coated vaccine, Group B (n= 150):
fish immunized by non-coated vaccine, Group C
(n=150): fish feed by chitosan-alginate coated pellets
without vaccine and Group D (n=150): fish feed by
basic diet (non-coated and without vaccine). In each
group, bar assigned with different letters denote sepa-
rately the significant differences during 60 days experi-
ment (P < 0.05).

Fig. 5. Serum total immunoglobulin of rainbow trout fed
different experimental diets. Group A (n=150): fish
immunized by chitosan-alginate coated vaccine, Group B
(n= 150): fish immunized by non-coated vaccine, Group
C (n=150): fish feed by chitosan-alginate coated pellets
without vaccine and Group D (n=150): fish feed by
basic diet (non-coated and without vaccine). In each
group, bar assigned with different letters denote sepa-
rately the significant differences during 60 days experi-
ment (P < 0.05).

Fig. 6. Serum lysozyme activity of rainbow trout fed
different experimental diets. Group A (n= 150): fish
immunized by chitosan-alginate coated vaccine, Group B
(n=150): fish immunized by non-coated vaccine, Group
C (n=150): fish feed by chitosan-alginate coated pellets
without vaccine and Group D (n=150): fish feed by
basic diet (non-coated and without vaccine). In each
group, bar assigned with different letters denote sepa-
rately the significant differences during 60 days experi-
ment (P < 0.05).

Fig. 7. Serum bactericidal activity of rainbow trout fed
different experimental diets. Group A (n= 150): fish
immunized by chitosan-alginate coated vaccine, Group B
(n=150): fish immunized by non-coated vaccine, Group
C (n=150): fish feed by chitosan-alginate coated pellets
without vaccine and Group D (n=150): fish feed by
basic diet (non-coated and without vaccine). In each
group, bar assigned with different letters denote sepa-
rately the significant differences during 60 days experi-
ment (P < 0.05).
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in comparison with different groups. Besides, the vaccine covered pel-
lets in the present examination brought about higher survival rate after
test with L. garvieae in comparison with the consequences of Altun et al.
[41], where fish had been vaccinated with oral immunization covered
with SA and PLGA. Considering about these outcomes, it could be
presumed that alginate/chitosan of the present study has more viability
in covering and conveying the oral vaccine and ensuing assurance of
fish against S. iniae and L. garvieae in comparison with different coat-
ings, for example, SA and PLGA.

In this study, the evaluation of the immune reactions demonstrates
that complement activity, total protein and IgM are not invigorated by
the oral vaccine. However, lysozyme activity and bactericidal activity
demonstrated a noteworthy increment on day 20, 40 and 60 of in-
vestigation in fish immunized by vaccine covered pellets with alginate/
chitosan (group A) compared to control groups (C and D) and about the
blood respiratory burst activity similar results were observed on days
20 and 40 post-vaccination. These results represent that our oral vac-
cine could protect the inactive antigen from acidic conditions of fish
stomach and could present coated vaccine to the intestine of rainbow
trout. In coincidence with our results, Yogeshwari et al. [45] observed
significant increases in bactericidal activity of common carp with PLGA
coated inactive A. hydrophila. In many studies [46–49] the effect of

chitosan on the level of the blood respiratory burst activity of fish were
observed which are consistent with the current research results.
Moreover, according to our resulls, Maqsoud et al. [50] in the common
carp and Aathi et al. [51], in the Labeo rohita demonstrated that oral
administration of chitosan could increase the lysozyme activity.

In contrast to some parts of innate immunity (such as complement
activity, total protein and IgM), the relative expression of immune-re-
lated genes including IL-6 and IgM qualities was higher in vaccinated
fish, with the highest expression considered in those vaccinated by al-
ginate/chitosan covered pellets (Group A). These outcomes un-
mistakably demonstrate that immune reactions to the vaccine are in-
creasingly obvious in the level of gene expression than in different
dimensions of intrinsic immunity. Moreover, both of these genes (IL-6
and IgM) were increased significantly on days 20 and 60 in vaccinated
group (A) compared to control groups (C and D). Possibly, the coating
of the vaccine with alginate/chitosan has been effective in maintaining
healthy and intact inactivated antigen and delivering better and more
antigens in the intestine, and consequently the production of these
cytokines (IgM and IL-6) has increased compared to control treatments.
Similar to our research, several scientists reported the increase in these
two genes in their research [52–56].

In the present study, the antibody titer against L. garvieae elevated

Fig. 8. Blood respiratory burst activity (NBT) of rainbow
trout fed different experimental diets. Group A (n= 150):
fish immunized by chitosan-alginate coated vaccine,
Group B (n=150): fish immunized by non-coated vac-
cine, Group C (n=150): fish feed by chitosan-alginate
coated pellets without vaccine and Group D (n= 150):
fish feed by basic diet (non-coated and without vaccine).
In each group, bar assigned with different letters denote
separately the significant differences during 60 days ex-
periment (P < 0.05).

Fig. 9. The relative expression of IL6 (plot A) and IgM
(plot B) genes in head kidney of rainbow trout fed dif-
ferent experimental diets. Group A (n= 150): fish im-
munized by chitosan-alginate coated vaccine, Group B
(n=150): fish immunized by non-coated vaccine, Group
C (n= 150): fish feed by chitosan-alginate coated pellets
without vaccine and Group D (n=150): fish feed by
basic diet (non-coated and without vaccine). In each
group, bar assigned with different letters denote sepa-
rately the significant differences during 60 days experi-
ment (P < 0.05).
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on days 20 and 40 of test in group A contrasted with groups C and D.
For estimating each sampling time, on days 20 and 40 of trial, the
significant differences were seen in immune response titer against L.
garvieae between group A and all of other groups (B, C and D).
Additionally, the antibody titer against S. iniae was higher in fish vac-
cinated by chitosan-alginate covered pellets (Group A) on days 40 and
60 contrasted with group B and control groups (C and D). The reaction
of fish bodyʼs against both of these two antigens, demonstrating the
more efficient incitement of adaptive immunity by oral vaccine (group
A). Moreover, it can be concluded that mucosal immunity that has been
produced by our oral vaccine coating, causes proper antibody titer and

by stimulating cytokines, high protection has been created against S.
iniae and L. garvieae. In concurrence with our results, numerous in-
vestigations have demonstrated the upgrade of the adaptive immunity
of fishes through informing the increments in titer of antibody
[18,41,44,57–60].

In conclusion, our results demonstrated that this work is a unique
work on an oral bivalent streptococcus-lactococcus vaccine with high
efficacy and acceptable immunogenicity. Moreover, mix of alginate and
chitosan microparticles with modified and improved ionotropic method
increased the viability of conveyance and immunization of practical
oral vaccines, because higher survival rate, immune-related gene ex-
pression and antibody titer were seen in fish immunized by chitosan-
alginate coated vaccine.
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