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Abstract Nile tilapia is one of the major farmed fish that is often infected with Streptococcus. 

Oral vaccination is the most preferable technique, but the antigen is usually degraded by gastric 

juice. Encapsulation by alginate could be effective in protecting the antigen. The aim of this study 

was to assess the effectiveness of vaccinating Nile tilapia using formalin-killed Streptococcus 

agalactiae encapsulated in alginate. The average diameter of fabricated microcapsules was 

500±20 μm, with 86% encapsulation efficacy. Fish were then divided into four groups (30 fish per 

group): group A: fish vaccinated by alginate microcapsules covered by formalin-killed cells (FKC), 

group B: fish vaccinated by non-covered FKC, group C: fish fed with empty alginate 

microcapsules and group D: fish feed with commercial pellets as control group. All groups were 

treated for 14 days and then fed with commercial pellets. Blood samples were collected on days 7, 

14, 21, and 28 days post-vaccination. Bactericidal activity, lysozyme activity and serum antibody 

titer were significantly elevated in group A (p<0.001) compared to other treated groups. Then, 

gene expression analysis was performed at 29 days post-vaccination to evaluate the expression 

of main immune contributors such IgM, IgT, TCR β, CD4, CD8α, IL 1β, IL 8, IFN 1, and TNFα. The 

analysis showed significant upregulation of all tested genes in group A compared to other treated 

groups (p<0.001). Lastly, a challenge test was done on day 30 post-vaccination by injecting 

4.6×106 CFU mL−1 of virulent S. agalactiae. The relative percent of survival (RPS) were 92± 2%, 

48± 5% and 4± 3% for groups A, B and C respectively. The obtained result indicated that alginate 

encapsulation provided antigen protection due to its higher immunogenicity compared to non-

covered vaccine. Hence, the fabricated vaccine could be incorporated with food and orally 

administered to Nile tilapia to prevent S. agalactiae infection. 
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Introduction 
 

In developing countries, fishing is a major contributor to social development, revenue generation, and 
nutrition security [13, 34]. The fish industry recently received a lot of attention and is quickly expanding 
thanks to the expansion of aquaculture [68]. Fish produced through aquaculture account for over 50% 
of the total global fish production [29]. The native Egyptian species known as the Nile tilapia, 
Oreochromis niloticus, is the most important socioeconomic species for tilapia aquaculture [52]. Tilapia 
is the second-most-cultivated fish globally behind carp, it is sold internationally in even more than 135 
countries and is in great supply among consumers, furthermore, the global demand for tilapia meat 
increased by around 2% yearly, meaning the production of this fish should increase by 150 000 tons 
every year [29]. 

 

Despite the tremendous growth of aquaculture industry, the sector faces pathogenic highly problematic 
infections, with an estimated $6 billion (USD) in global aquaculture disease-related losses per year [59]. 
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Streptococcus spp. infections, particularly Streptococcus agalactiae and Streptococcus iniae, are 
currently the major infectious bacterial species and cost the aquaculture sector a great deal of money, 
however, in tilapia S. agalactiae is more prevalent as streptococcosis agent [51, 79]. Streptococcosis 
plagued tilapia cultures, leading to severe symptoms including spinal curvature, dark skin pigment, 
dermal hemorrhages, hyperemic gills, corneal opacity, an anorexia phase, erratic swimming, and diffuse 
epithelial tissue proliferation symptoms followed by high mortality rate and mass economic losses for 
tilapia culture industry [35, 65].  

 

Disease prevention and control are significant for enhancing the production rate and development of 
commercial aquaculture [67]. Safeguarding aquatic animal production was concentrated on using 
antibiotics to protect aquaculture health and earn higher production, but the excessive use of antibiotics 
may contribute to a global problem by raising the multi-resistant bacteria, hazards to food health and 
environmental issues because of releasing antibiotics into surrounding water during treatment [16, 22, 
57]. One of the really crucial—and likely the most urgent—strategies for the management and prevention 
of pathogenic fish sickness is the advancement of vaccination [1]. Also, using vaccines in aquaculture is 
recognized as environmental friendly disease control strategy by minimizing the use of antibiotics, which 
may outcome ecologically dangerous side effects, besides minimizing their residues in human food chain 
[24, 58]. Over disease protection due to augmentation, cellular and humoral responses, it is well known 
that various immunostimulants used in aquaculture induce additional advantages, such as growth 
enhancement and increased survival rates under stress [78]. 

 

Vaccination is a widely accepted and effective method to control S. agalactiae infection and prevent 
mass fish mortalities [24, 52]. The first vaccine against S. agalactiae in humans was described in the 
1930s [49]. While the interest in vaccines to control S. agalactiae epidemic in aquaculture expanded by 
vastness of Nile tilapia aquaculture productions by the 1990s [58]. Currently, researcher seeking 
vaccines that are friendly for users and environment, economical, effective, suitable for small and large 
fish, protect against wider range of infectious pathogens, are easy to administer, and provide long-lasting 
protective immunity [22, 47]. The vaccine's effectiveness varied depending on the pathogen, route of 
delivery, vaccine production techniques, status of immunological memory, type and life stage of fish, 
water temperature during the immunization process and labor`s experience in vaccination [1, 84]. Most 
manufactured vaccines are in four shapes: inactivated bacterial cells, live attenuated bacteria, 
recombinant immunogenic proteins, heterologous vectors and DNA vaccines.  

 

In fact, vaccines can be administered to fish by three main routes: injection, immersion and orally [57, 
77]. Despite the higher efficiency of the injection and immersion methods, their usage is constrained, 
especially when fish need to be immunized on a wide scale because of the excessive fish handling and 
high labor expenses [57]. In contrast, oral delivery makes it possible to vaccinate any fish size on large 
scales, reduces time consumption, and avoids handling stress, additionally, it is more economical way 
due to requiring minimal equipment without experienced labor [57, 77]. Notwithstanding previous 
advantages, the oral method has demonstrated the lowest immune protection [80]. The low efficacy 
resulted from vaccine degradation in the digestive tract before inducing an immune response, where 
vaccine was broken down by acid-sharp condition in the stomach [54]. 

 

Currently, many research has centered on biotechnological solution by covering vaccines for improving 
oral immune-modulators delivery system [14]. In this context, many polymers like chitosan, alginate, 
polylactic-co-glycolic acid (PLGA), polyethylene glycol (PEG) and other polysaccharides have been 
utilized to encapsulate vaccines in nano/microcapsules in purpose shield antigens productively from the 
stomach's sharp environment [1, 75]. In particular, alginate as natural polymer remains an attractive 
material for biomedical applications because of its numerous favorable properties, this biopolymer is 
linear and anionic polysaccharide derived from brown seaweed and can be produced by bacterial 
sources [12]. Alginate is composed of alternating blocks of α-1,4-l-guluronic acid (G) and β-1,4-d-
manurunic acid (M) units and there are different grades of purity available depending on the application 
[12, 17]. Its availability and its unique ability to form stable pH-sensitive hydrogels in aqueous media and 
mild conditions by addition of multivalent cations makes this biopolymer very useful for drug delivery [4, 
19, 50]. Also, alginate is commercially available in form of salt (e.g., sodium alginate) and preferable due 
to its solubility in water at room temperature, while other anionic marine-source polysaccharides like agar 
and carrageenan require heating and cooling cycles for the formation of gel [10, 76]. Fabricated alginate 
microcapsules have several qualities that enable this polymer to perform pharmaceutical functions 
efficiently, including stability in acidic pH and disassociation in basic conditions, which make it ideal suit 
to cover drug active principles from gastric harsh conditions and release it at basic environment in the 
intestine as the target organ [3, 6, 76]. In addition to biodegradability, low toxicity, and chemical versatility, 
mucoadhesiveness makes this biomaterial one of the most applicable biopolymers used in the 
capsulation of oral drug delivery [4, 26]. 
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In the current study, S. agalactiae formalin-killed cells were encapsulated in alginate microcapsules 
using our research's approach and administered orally to Nile tilapia. Then measurements of serum 
immunological constituents, the production of immune-related genes, and challenge the treated fish with 
virulent bacteria, and subsequent quantification of fish mortality were used to assess the effectiveness 
of vaccination. Ultimately, our research strives to advance the field of fish immunology and provide 
practical solutions for disease management in aquaculture and shed light on the effectiveness of this 
vaccination strategy. 

 
Materials and Method 
 

Bacteria Preparation  
The strain S. agalactiae KT869025 was obtained from fish disease laboratory of University Malaysia 
Terengganu, the bacteria was previously isolated from a streptococcosis outbreak authorized by DNA 
sequencing and stocked in 25% glycerol at −80°C. The bacteria were thawed using heating block and 
grown for 48 hours at 30 °C in Trypticase Soy Broth TSB; (Difco, USA). Furthermore, the bacteria were 
cultured on blood agar plates and incubated at 30°C for 24 h to confirm hemolytic activity. In order to 
cultivate bacteria, hemolytic colonies of S. agalactiae were inoculated from the blood agar plate into 
tryptic soy broth TSB (Merck, Germany) and incubated in shaker incubator (IKA KS 4000, China) at 30 
°C with constant shaking at 150 rpm for 24 h. After incubation, the bacterial concentration was 
determined using the standard plate count method. 

 

Vaccine Preparation 
The S. agalactiae pellets were harvested from cultured S. agalactiae  broth by centrifugation with 5000 
rpm at 4 °C  for 15 min (Eppendorf 5810, Germany), then the pellets washed twice with phosphate-
buffered saline (PBS) followed by centrifugation (5000 rpm 15 min at 4 °C) to remove remaining broth 
media particles. 

 

The vaccine of formalin-killed cell FKC prepared according to [30], Pathogens cells inactivated by 
immerse the pellet with 0.5 % buffered formalin overnight at room temperature, afterwards the 
suspension were washed twice with PBS and centrifuged by 5000 rpm for 15 min at 4 °C in order to 
remove the formalin residues. The formalin-treated bacteria were re-suspended in sterile PBS to the final 
concentration of 6.5 x 108 CFU mL-1, then 0.1 ml of suspension was streaked in tryptic soy agar plate 
(Merck, Germany) and incubated for 24 h at 30 °C, where no growth noticed and the inactivation of S. 
agalactiae confirmed. 

 

Microcapsule Fabrication  
Alginate microsphere that encapsulate S. agalactiae FKC vaccine was prepared following [45] with some 
modifications. The FKC bacterial suspension (BS) of (108 CFU/mL) mixed with sodium alginate solution 
(1.9 %) with constant stirring to form Alg- BS homogenous mixture, then, the microsphere fabricated by 
drop-wising Alg- BS mixture via automatic liquid feeder into sterile CaCl2  (500 mM), as a cross-linker,  
with 200 rpm constant orbital stirring to prevent microcapsules agglomeration. Figure 1 describes briefly 
the procedures that were followed to encapsulate S. agalactiae FKC inside alginate microcapsules. 
Then, the produced microcapsules were then washed with sterile PBS separated on a Whatman 
cellulose filter, dried at 25 °C and stored at 4 °C until use. 

 

Encapsulation Efficacy  
The FKC number in alginate microcapsules after loading determined referring to the procedure of [33] 
with slight changes. Briefly, 1 ml of alginate microspheres solubilized in 9 ml of digestion solution (50 
mM sodium citrate, 0.45% NaCl). The suspension was kept at 35°C with shaking 100 rpm for 15 minutes 
in air shaker bath until microspheres diapered, then samples were centrifuged at 10,000×g for 20 min 
and the bacterial cells concentration in supernatant determined using usual spectrophotometric protocol, 
the experiment carried out in three independent replicate and the encapsulation efficacy calculated by 
the following equation: 

 

Encapsulation efficacy = FKC concentration in microspheres / FKC concentration in starting bacterial 
suspension ×100% 
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Figure 1. Technical illustration describe alginate microcapsules fabrication 

 

 

Release Efficacy of Encapsulated Vaccine in Fluids Simulating 
Gastrointestinal Conditions 
In order to test microspheres stability in fish gastrointestinal conditions, 4 solutions with different pH were 
made simulating fish stomach and intestine fluids as suggested by [69] with slight modification, Briefly 
0.3 g of microcapsules incubated at room temperature in 4 test tube contain 1.7 ml of sterile solutions 
with the following pH 2.0, 4.5 (deionized water adjusted with HCl), 7.4 (PBS ) and 9.0 (Tris–buffer), after 
incubation for 12 h with gentle orbital shaking, test tubes content filtrated in order to observe 
microspheres under optical microscope after incubation in simulated gastric juice, while the filtrate  
centrifuged at 500 rpm for 10 min to remove microcapsules residues and then the supernatant 
transferred to determine the amount of released bacteria utilizing Nano-drop spectrophotometer. 
 

Scanning Electron Microscopy  
To determine the shape and size variation of dehydrated microspheres, scanning electron microscopy 
(SEM) was used. The microspheres were re-distributed in distilled water and put onto aluminum stubs 
after being freeze-dried. The mixture was then dried by air movement in a natural environment. 
Microspheres were lastly coated in gold particles using auto fine coater (JEOL 1600, Japan), and 
observed under a scanning electron microscope (JEOL 7001, Japan) under 20 kV until being seen. 
 

Experimental Diets Preparation  
Pellets incorporated with alginate – FKC microcapsules were prepared by grinding commercial pellets 
into powder and mixed uniformly with alginate microspheres that encapsulate FKC and subsequently 
mixed with PBS (50%, w/w) with 0.1% guar gum as binder, then the homogeneous paste applied to food 
pelletizer. The same procedure repeated in order to prepare food pellet incorporated with alginate empty 
microsphere, while pellets incorporated with FKC (non-capsulated vaccine) were synthesized by mixing 
the powdered pellets with FKC suspension diluted in sterile PBS with 0.1% guar gum afterward the paste 
applied into food pelletizer. Taking into consideration each fish will be fed 3% of body weight per day, 
the concentration of FKC that incorporated in pellets modified to be 1.0×106 cells/g of food. 
 

Experimental Design  
Nile tilapia O. niloticus with weight 25±2 g were  acclimatized for 14 days prior the beginning of the 
research in aerated fiberglass tanks with running water and fed a commercial diet at 3% of body weight 
daily with 12-h light and dark periods, the fish were kept in temperatures ranged 27–29 C, dissolved 
oxygen (DO) of 5.33–6.55 mg. L−1 and a pH at (7.5-7.7), water quality parameters checked daily by air-
calibrated YSI model 57 oxygen meter (YSI, Yellow Springs, OH, USA). Before the start of the 
experiment five fish were randomly selected and dissected, samples from skin, kidney and brain were 
collected for microbiological examination to ensure that they were free from S. agalactiae infection. 

 

Fish were distributed among four treatment groups in 200 L containers by 45 fish per group. Before 
vaccination, fish fasted for 24 h, afterward, fish feed the following diets group A feed by pellets 
incorporated with alginate particles encapsulate FKC,  group B feed by pellets incorporated with FKC 
(non-capsulated cells), group C feed pellets incorporated with empty alginate microcapsules and group 
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D fish feed by commercial pellets diet (negative control), pellets was dispersed in the aquaria slowly and 
uniformly to allow all fish uptake relatively equal dosage of the feed, feeding diet performed one time per 
day at 3% of body weight for 14 consecutive days. After vaccination all groups feed commercial diet 
throughout remaining examination period, experiment performed in three replicate Figure 2. 

 

 

Figure 2. Experimental design and workflow including vaccination, blood sampling, gene analysis and 

challenge test 

 

 

Blood Sample Collection 
On days 7, 14, 21, and 28 post vaccination, 3 fish from each group randomly selected and evacuated 
from the caudal peduncle using an insulin needle to analyze the serum immune components. Following 
centrifugation (13,700 g for 10 min), sera were isolated, and stored at -80 °C until immunological testing. 
Afterward sera samples tested to detect antibody titer, lysozyme activity and bactericidal activity. 

 

Enzyme-Linked Immunosorbent Assay (ELISA) Antibody Titers 
An enzyme-linked immunosorbent test was used to objectively quantify the plasma antibody titers 
against S. agalactiae. Using [74] protocol ELISA dishes (Nunc, Denmark) were first coated for 18 hours 
at 4 °C with 50 µl of sonicated S. agalactiae  (100 g/ml) antigen that had been diluted 1:50 in covering 
buffers (carbonate bicarbonate at pH = 9.6). plates were then blocked with 2.5 percent non-fat milk in 
phosphate-buffered saline plus Tween-20 (PBS-T) for 1 hour at 25 °C after being rinsed with phosphate-
buffered saline (PBS) containing 0.05 percent of Tween-20 (PBS-T). Serum products (100 µl) were 
diluted (1:25) in PBS-T-S (phosphate-buffered saline + 0.05 percent Tween-20 (PBS-T) containing 0.1 
percent skim milk) and put on ELISA plates after the preceding stage had been washed three times with 
PBS-T. The plates were held at 25 °C for 90 minutes while being shaken, and they were then washed 
once more as before. After washing, 100 μl of monoclonal antibody anti-Nile tilapia immunoglobulin was 
added to the wells of the ELISA plates at a concentration of 1:7500 in PBS-T-S. The shaking of the 
dishes took place for hour, and then they were PBS-T washed three times. Following that, 60 minutes 
were spent hatching the wells with 50 μl of goat anti-mouse IgG HRP conjugated (Sigma-Aldrich) diluted 
(1:2500) in PBS-T-S. After washing with PBS-T, 50 l of the chromogen solution that contains TMB (3,3′, 
5,5; -tetramethylbenzidine-H2O2) was added to the wells, where it was left to react for 10 minutes at 25 
°C. Finally, 50 μl of 2 N H2SO4 was used to stop the activity and ELISA reader was used to detect the 
serum antibody titers at 450 nm. 

 

Bactericidal Activity 
Using the technique described by Budino et al., the bacterial activity was assessed with some changes. 
[15]. Essentially, 25 μl of serum sample were diluted in 25 μl of pure PBS before being mixed with 50 ml 
of bacterial solution (106 CFU/ml). This suspension was allowed to brood for 6 hours at room 
temperature. 50 μl of MTT (dimethylthiazol-diphenyl tetrazolium bromide) (Sigma, M5655) was added to 
the suspension then incubated at room temperature for 15 minutes. Finally, the live bacteria (Formazan 
positive cells) were measured spectrophotometrically at 600 nm using an ELISA reader. 
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Lysozyme Activity  
Depending on the lysis of the Gram-positive bacterium Micrococcus lysodeikticus, which is lysozyme-
sensitive, serum lysozyme action (U/ml) was measured by turbidimetric analysis [28]. Regarding this, 
serum products were followed by the addition containing 0.15 mg/ml of M. lysodeikticus in 0.1 M acetate 
buffer (pH = 5), and the optical density of the wells was assessed by an ELISA reader (Accu Reader, 
Taiwan) after 3 min at (RT) at 540 nm. One grade of Lysozyme action was defined as a decrease in 
absorption of 0.001 1/min. 

 

Immune Related Gene Transcription Analysis  
Immune related gene transcription analysis evaluated at 29 day post immunization from tilapia spleen. 
Three fish form each group were sacrificed by anesthetized, and then euthanized via an overexposure 
of Benzocaine, then the spleen was removed aseptically. Total RNA was extracted from spleen tissue 
using easy-spin™ Total RNA extraction kit (Qiagen, Germany), following the manufacturer's instructions. 
Briefly, 600 μl Trizol reagent was homogenized with 100 mg of spleen tissue in a mortar, after the final 
wash with ethanol the RNA samples were treated with diethylpyrocarbonate treated water (DEPC). The 
amount and purity of the extracted RNA measured via Nanodrop Uv–Vis spectrophotometer 
(ColeParmer, Jenway, USA).  The cDNA generation was carried out using 10 μl of RNA through Reverse 
Transcription Kit (Qiagen, Germany) according to manufacturer’s instruction, the synthesized cDNA was 
stored at −80°C for further use. 

 

To normalize the expression of the immune related genes specific primers were designed for q-PCR to 
amplify the candidate genes with reference to the known sequences of Nile tilapia. All primers sequences 
of the innate and adaptive immune related genes IgM, IgT, TCR β, CD4, CD8α, IL-1β, IL-8, IFN 1, TNFα 
as well as the housekeeping gene (reference gene) β-actin are detailed in Table 1. 

 

Table 1. Primers used for real-time PCR analysis of gene expression TNF-α = tumor necrosis factor alpha, INF-γ = interferon gamma, 
IL-1β = interleukin 1 beta, IL-8= interleukin 8, IgM, IgT, CD4, CD8 and β-actin = internal reference gene (house-keeping gene) 

 

Gene  Primer  Accession number 

IL-1β  

 

F:5-GTGCCTCTAACAGTTTCCTGC-3 

R:5-GGTTTGTGCCTTTGATGCCC-3′ 
XM_003460625.2 

IL-8 F:5- GCACTGCCGCTGCATTAAG-3’ 
R:5- GCAGTGGGAGTTGGGAAGAA-3′ 

NM001279704 

INF-γ F:5-AAGAATCGCAGCTCTGCACCAT-3’ 
R:5-GTGTCGTATTGCTGTGGCTTCC-3′ 

XM_005448319.1 

TNF-α F:5-GGAAGCAGCTCCACTCTGATGA-3′ 

R:5-CACAGCGTGTCTCCTTCGTTCA-3′ 

JF957373.1 

IgM -H F:5’- CCACTTCAACTGCACCCACT-3′ 

R:5’- TGGTCCACGAGAAAGTCACC- 3’ 
 KC677037.1 

IgT F-5′-TGACCAGAAATGGCGAAGTCTG-3′ 
R-5′-GTTATAGTCACATTCTTTAGAATTACC-3′ 

XM_025904470.1 

CD4 F-5′-GCTCCAGTGTGACGTGAAA-3′ 
R-5′-TACAGGTTTGAGTTGAGCTG-3′ 

XM_025911776.1, 

CD8 F-5′-GCTGGTAGCTCTGGCCTTT-3′ 
R-5′-TGTGATGGTGTGGGCATCTC-3′ 

XM_005450353.3 

β-actin F:5’-CCACACAGTGCCCATCTACGA-3′ 
R:5’-CCACGCTCTGTCAGGATCTTCA- 3’ 

EU887951.1 

 

 

The analyses of the relative expressions of the immune-related genes was performed by CFX Connect™ 
Real-Time PCR (Biorad, USA). All the qRT-PCR reactions were conducted using SensiFast ™ SYBR 
Green master mix (Bioline, UK), according to manufacture protocol and each sample was run in triplicate. 
Thermo cycling conditions were performed at 95 °C for 5 min as initial denaturation followed with 40 
amplification cycle consist of denaturation at 95 °C for 30 s, annealing at 60 °C for 30 s and extension 
at 72 °C for 30 s. After the cycling, the relative RNA expression level of each immune-related gene was 
normalized to that of β-actin and presented as a fold change by dividing the values of the vaccinated 
tissues by those of the control as described previously [82]. 

 

Challenge Test 
Challenge test were performed at 30 day post vaccination where remaining fish in each group (n= 30) 
were anesthetized using Tricaine methanesulfonate (MS-222) (Sigma, Aldrich) and interperitonealy 
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injected with 0.1 mL normal saline suspension containing 4.6×106 CFU mL−1 of virulent S. agalactiae, 
fish were monitored for 14 days, disease signs, behavioral abnormalities and mortality, were recorded 
twice daily and dead fish were removed to avoid deterioration. The relative percentage of survival (RPS) 
was calculated through equation of [7], RPS = (1- % mortality in vaccinated/% mortality in control) × 100. 
The experiment was performed in triplicate. 

 

Animal’s Ethics 
According to a proposal reviewed and approved by the University Malaysia Terengganu, ethic committee 
under animal ethic approval number: UMT/ JKEHMK/ 2022/67 in accordance with Malaysian code of 
practice for the care and use of animals for scientific purposes. All guidelines for the care and use of 
living fish in this research, like appropriate housing conditions, avoiding unnecessary harm, minimizing 
stress during handling, and minimizing pain during experimental procedures, which include anesthesia 
when necessary, were followed. 

 

Data Analysis  
The data were analyzed using SPSS software V.23. Two-way analysis of variance (ANOVA) were 
employed. To compare the means of parameters among the groups Post-hoc tests were performed using 
Dunnett's t-tests  where control group was the reference group, while multiple comparison analysis of 
serum parameters levels at different sampling times post-vaccination was conducted using the Tukey 
HSD test. 

 
Results and Discussion 
 

Microspheres Ultrastructure 
Microsphere shape and size determined utilizing scanning electron microscope. The produced 
microspheres appeared in similar shape and size, with an average diameter of 500 ±20 μm. The external 
surface ultrastructure was in uniform appearance with a similar degree of roughness and porosity, as 
shown in Figure 3. Usually, the size of microcapsules that are applied in drug delivery range between 1 
and 1000 µm. Even though there is no maximum limit of microparticle size for oral administration, smaller 
particles provide faster and easier passage through the upper digestive tract into the intestines [4]. Since 
the current study not only aimed to protect vaccine antigenicity from digestive system conditions but also 
preserve vaccine during fabrication, therefore, in view of the potential negative impact on vaccine 
antigenicity during the fabrication of very tiny microcapsules, this research employed technique to 
produce medium-sized microcapsules. 

 

Coating Efficacy and Microsphere Stability in Gastric Fluids 
To evaluate the stability of microcapsule in gastrointestinal conditions in vitro experiment held simulating 
the same conditions in tilapia digestive system, since food particles travels through the tilapia digestive 
tract on average for about 12 h, next to this period ingested particles travelling through pH conditions 
ranging from 2 to 9, where the stomach pH equal 4.5 before feeding and decreased directly upon food 
arrival to 2 due the excretion of pepsinogen and hydrochloric acid by oxyntopeptic cells and return to 4.5 
until next feeding while the pH in tilapia intestine ranged normally in basic condition between pH 7 and 
9 [69]. In accordance with the previous principles, the test of microspheres stability was designed, the 
experiments involved four different solutions simulating the pH of tilapia gastrointestinal fluids. Table 2 
describes the result of FKC releasing from alginate microcapsules in gastrointestinal fluids. There were 
no notable morphological changes in most microcapsules that were incubated in acidic conditions (pH = 
2 and 4.5), with vaccine releasing was less than 8%, however, in intestine simulating fluids, alginate 
microparticles showed much higher releasing rate of 41 ±3% and 62 ±2% for 7.4 pH and 9.0 pH 
respectively. The low release of FKC in the simulated stomach conditions mirrors alginate microcapsules 
resistance to degradation in acidic pH. Conversely, in intestine simulating fluids (basic fluids), produced 
microparticles showed much higher releasing rate reaching 41 ±3% and 62 ±2% for 7.4 pH and 9.0 pH 
respectively. The higher release of FKC in basic pH resulted from the disassociation of alginate 
microparticles. Thus correlated with alginate behavior in the basic condition where alginate microspheres 
swell and burst, releasing the entrapped agents [46, 76]. Our results are in line with previous research 
[33, 69, 70]. The variation in releasing efficacy of alginate microcarrier between different studies can be 
related with microsphere size, alginate concentration and cross-linker type that used in microsphere 
synthesis [63]. Saving the antigenicity from gastric juice by microencapsulation has been also reported 
in similar conditions. [79] Confirmed the protection of the three-dimensional structure of the recombinant 
vaccine (rsrr protein of S. iniae) that released from alginate microparticles after incubation in fluids 
simulating catfish digestive system. 
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Figure 3. Alginate microcapsules under scanning electron microscope (SEM), with different magnification describe the microcapsules 
ultrastructure 

 

Table 2. Releasing efficacy of FKC from alginate microspheres in different simulated gastrointestinal condition 

 

Simulated condition Solution pH Releasing efficacy 

Stomach upon food 
arrival  

2 6±1% 

Stomach before 
feeding 

4.5 7 ±2% 

Minimum intestine pH  7.4  41 ±3% 

Maximum intestine pH 9.0  62±2% 

 

 

The concentration of FKC in each ml of alginate microsphere which reflects the efficiency of the 
encapsulation process was 86 ±3%. In agreement with our findings [25] reported 87% efficiency for 
chitosan-alginate microcarriers that entrap FKC of Y. ruckeri, which is considered acceptable efficacy for 
microencapsulation of inactivated fish pathogens compare with similar works that earned much lower 
encapsulation efficacy which  may be correlated with the type and concentration of the utilized polymer. 
According to [2], alginate showed higher efficacy compared to chitosan in propose to encapsulate the 
same fish vaccine. Also, [79] found that increasing the concentration of alginate and CaCl2 in a specific 
ratio can increase the encapsulation efficacy of pathogen antigen in fabricated microcapsules as fish 
vaccine. 
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Immunological Assays 
The mucosal secretions of fish contain several natural immunity molecules, including complement, 
lysozyme, proteases, and antimicrobial peptides [9, 38]. In the current study, to evaluate the immune-
stimulatory effect of the alginate-covered vaccine sera were collected at 7, 14, 21 and 28 dpv. The 
collected samples were subjected to lysozyme and bactericidal activity tests to detect innate immune 
responses, while ELISA antibody titer were measured to evaluate adaptive immune response in treated 
fish sera. 
 

Antibody Titer 

Immunoprotection against bacterial infection is importantly dependent on the production of antigen-
specific antibodies. To study the adaptive immune response for vaccination, antibody titer was evaluated 
using the ELISA protocol, which reflect levels of specific antibody production in fish sera. Several studies 
have demonstrated increased antibody titer in fish immunized with encapsulated vaccines compared to 
non-coated vaccine. For instance, samples from rainbow trout serum, intestines, and skin mucus showed 
a significant increase in specific antibody titer after vaccination with encapsulated FKC and LPS of Y. 
ruckeri [25]. As well as significant increase in serum antibodies has been confirmed in fish that have 
been orally vaccinated with encapsulated antigens compared to non-coated antigens, such as rainbow 
trout [42, 2], channel catfish [79] and sea bass [55]. However, in agreement with the previous results, 
the serum antibody titer against S. agalactiae was elevated in vaccinated groups through the 
experimental period, with the highest serum antibody titer values recorded for group A, Figure 4 shows 
the elevations of antibody production in the treated groups. The SPSS analysis for the ELISA results 
showed that there was a high significant difference between all groups (p< 0.001). The results showed 
that both vaccinated groups (A and B) had significantly higher mean differences compared to the control 
group (p< 0.001). On the other hand, there was no significant difference between group C (empty 
alginate microcapsules) and the control group (p-value = 0.971). Importantly, fish fed with alginate-
encapsulated FKC (group A) had significantly higher antibody levels (p< 0.001) compared to group B 
(non-covered FKC). The test also showed that there were significant differences in the mean antibody 
titer levels between the different sampling points (p<0.001). Additionally, the serum antibody titer peaked 
in vaccinated groups at 14 dpv, where group A was up to 4 folds higher than group C and D (non-
vaccinated groups) Figure 4. . These increased antibody titers are clearly outcome of adaptive immunity 
inducing more efficiently by oral vaccination with encapsulated antigens, thus, adaptive immunity 
enhancements were driven by the influence of microencapsulation on the bacterial antigens stability in 
gastrointestinal environments, as well as more effective antigen delivery and sustain releasing and 
processing in the intestinal mucus, which trigger the production of specific antibodies. Furthermore, key 
immunological gene upregulation in immunized fish revealed B and T cell activation and consequently 
antibody production. 
 

 
 

Figure 4. Serum ELISA antibody titer (OD absorbance values at 450 nm) of Set A: fish vaccinated by alginate microcapsules coated 
FKC injection, Set B: fish vaccinated by non-covered FKC vaccine, Set C: fish feed by empty alginate microcapsules and Set D: fish feed 
by commercial pellets diet (negative control) 
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Bactericidal Activity  
Bactericidal activity is important part of innate immunity that contributes in elimination of bacterial 
invasion and is considered an important variable to determine immunization success [73, 77]. In the 
current research, the bactericidal activity was elevated in vaccinated groups, Figure 5 describes the 
changes in bactericidal activity in treated groups at four sampling points. ANOVA analysis showed that 
there was a significant difference in the bactericidal activity between groups (p<0.01). The post hoc tests 
using the Dunnett t-test showed that groups A, B and C had significantly higher in bactericidal activity 
than the control group (p < 0.001). Moreover, the post hoc analysis compared between group A (alginate-
covered FKC) and group B (non-covered FKC) showed a significant difference (p<0.01), reflecting the 
effect of encapsulation. Sampling date also affect the bactericidal activity levels, the highest levels of 
bactericidal activity were recorded at 21 dpv. As well as, the bactericidal activity of vaccinated fish (A 
and B) showed significant differences between sampling points (p<0.001), while unvaccinated groups 
(C and D) didn’t show significant differences throughout the 28 days experimental period (p>0.05) as 
shown in Figure 5. 

 

Similarly, in a previous study, the values of bactericidal activity and complement activity increased after 
20 days post oral vaccination of rainbow trout with chitosan-alginate microcapsules that enclosed killed 
L. garvieae and S. iniae [42]. Nevertheless, according to [25], bactericidal activity wasn't affected in 
rainbow trout (O. mykiss) vaccinated with chitosan-alginate microspheres encapsulated Y. ruckeri. The 
contrast in bactericidal activity between the last two mentioned studies is probably related to the used 
pathogens. However, fish with higher bactericidal activity reflect superior delivery and adsorption of 
bacterial antigens [56]. 

 

Lysozyme Activity 
The efficacy of the vaccination in enhancing innate immunity was assessed by measuring levels of 
lysozyme at different time points. Figure 6 shows the lysozyme activity variation in the treated fish sera 
at four different sampling points. The ANOVA test showed significant differences between groups 
(p<0.001), the analysis also indicate that groups A and B had significantly higher lysozyme levels 
(p<0.001) than the control group, but group C showed no significant difference (p > 0.05) compared to 
the control group. Other comparison between group A (alginate covered FKC) and group B (non-covered 
FKC) showed significant differences between these groups (p<0.001). Besides that, to assess the effect 
of sampling date, statistical analysis indicated that there were significant differences between all 
sampling points (p<0.001), however, lysozymal activity reached the highest values at the first two 
sampling points, as shown in Figure 6. In general, lysozyme and bactericidal activity had different peak 
points, indicating that these two reactions occurred at different rates during the innate immune response. 

 

 
 

Figure 5. Serum bactericidal activity (%) of Set A: fish vaccinated by alginate microcapsules coated FKC, Set B : fish vaccinated by non-
covered FKC vaccine, Set C: fish feed by empty alginate microcapsules and Set D : fish feed by commercial pellets diet (negative control) 
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Figure 6. Serum lysozyme activity (U/ml) of Set A: fish vaccinated by alginate microcapsules covered FKC vaccine, Set B: fish vaccinated 
by non-covered FKC injection, Set C: fish feed by empty alginate microcapsules and Set D: fish feed by commercial pellets diet (negative 
control) 

 

 

Lysozyme is a vital protein and an important component of fish nonspecific immunity that degrades 
bacterial cell walls, activates complement system and increases opsonization of invaded microbes [8, 
31]. Generally, vaccines, immune stimulants, and some probiotics have been associated with an 
increase in lysozyme activity in fish [60]. For instance, lysozyme gene expression increased in different 
organs of Atlantic salmon after immunization with lipopolysaccharide [62]. Consequently, in several 
studies, higher levels of serum lysozyme were reported after oral vaccination with encapsulated 
vaccines, such [25] in rainbow trout (O. mykiss) that vaccinated with chitosan-alginate microsphere 
encapsulated (Y. ruckeri), also [11] surface membrane protein of Aeromonas hydrophila microcapsulated 
with PLGA to vaccinate rohu fish, [39] in common carp vaccination with oligonucleotides encapsulated 
by PLGA and similarly [79] in catfish. 
 

Despite the obtained values beginning to decrease at the subsequent sampling points, lysozymal activity 
in group A remained higher than the values obtained in the other groups at all sampling points. In fact, a 
variety of reasons may lead to increase in lysozyme activity during fish immunization. Firstly, the direct 
contact of lipopolysaccharide of inactivated bacteria stimulates lysozyme transcription within 
macrophages, additionally, it induces macrophage differentiation and maturation, therefore increasing 
the total lysozyme production [23, 77]. As well, exposure to lipopolysaccharide triggers cytokine 
synthesis, which consequently leads to proliferation of lymphocytes, enhanced phagocytic activity, 
respiratory burst and lysozyme release [18]. Thus, increasing the bacterial lipopolysaccharide that is 
delivered safely to MALT, lead to an increase in lysozyme activity [40]. On the other hand, several factors 
can explain the differences in the findings from various studies on the impact of encapsulated vaccines 
on fish innate immunity indices, such as the biopolymer type (chitin, chitosan, and alginate), microparticle 
size, fish species, temperature, vaccine specificity of adjuvant and the rate and duration of the regime 
[25]. 
 

Immune-related Gene Expression 
Immune-related gene transcription analyses from tilapia spleen were sampled once after 4 weeks post-
vaccination. In fact, the importance of this experiment comes from its ability to detect any increase in the 
immunological contributors, even though these immunological proteins are difficult to evaluate in fish 
serum. These immune proteins are usually more abundant in mucosal organs than blood serum [53]. 
 

Figure 7 describes the upregulation of the tested genes (IgM, IgT, TCR β, CD4, CD8α, IL 1β, IL 8, IFN 
1, and TNFα) at 29 dpv. One-way ANOVA analysis showed highly significant differences in genes 
expression between groups (p<0.001). Nevertheless, in comparison to the control group, group A was 
significantly higher (p<0.001) in all immune-related genes expression, but group B showed high 
significant differences (p<0.001) for only 5 genes (IgM, IgT, TCR β, IL 1β, and IL 8), in contrast, group C 
showed no significant difference in all genes expression (p > 0.05). Furthermore, to evaluate the 
effectiveness of FKC microencapsulation impact on immune-related genes expression, the analysis 
showed high significant differences (p<0.001) between the two groups for IgM, IgT, TCR β, IL 1β, and 
TNFα. Also, encapsulation significantly increased gene expression of CD4 and IFN 1 (p<0.01), as well 



 

10.11113/mjfas.v20n1.3187 32 

Darwish et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 20 (2024) 21-39 

as CD8α and IL 8 (p<0.05). Overall, the results suggest that the alginate-covered FKC group elicited 
significantly higher and diverse immune responses compared to the non-covered FKC group. 
 

In this regard, many studies report increasing in serum cluster of differentiation (CDs) rather than the 
recording of upregulation of CD4 and CD8α genes after immunization with microspheres encapsulated 
fish vaccine. The expression of CD4 and CD8α genes in group A was raised due to more sufficient 
vaccine delivery process since CD4 is surface marker for helper T-cells and CD8 for cytotoxic T-cells, 
which involve separately in antigen detection from APCs where CD4+T-cells (helper T-cells) are 
activated to produce different cytokines and CD8+T-cells (cytotoxic T-cells) are simulated to attack 
intracellular infected cells [64, 71]. Thus, can explain the high correlation coefficient between CD4 gene 
and tested cytokines genes (IL-1β, IL8, TNFα, and INF1), which are supposed to be secreted by CD4+ 
T cells after activation by APCs. While the relatively low expression of the CD4 and CD8α genes 
compared to other immune-related genes may be attributed to the late of sampling date (29 dpv), since 
CD4 and CD8 contribute as early immune reaction at the beginning of antigen administration, which 
peaked at earlier stage of vaccination period [32, 40]. 
 

In addition to the presence of CD4 and CD8 on the surface of helper and cytotoxic T-cells, respectively, 
T-cell receptors (TCRs) are key immunological protein located with CD3 complex molecules on the 
surface of all kinds of T-cells [20]. Which was confirmed in the current research by the obtained high 
correlation coefficient between gene expression of TCR β and CD4 and CD8 genes. TCR expression is 
lower upon initial antigen detection and rises gradually when T-cells are activated for proliferation in 
response to antigen detection by APCs [36]. TCR β gene transcription in group A was significantly 
greater than in group B and control group (p<0.001). Definitely, upregulation in TCR gene transcription 
reflects proliferation of all types of T-cells, which differentiate rapidly upon antigen delivery [31, 85]. The 
increase in TCR β expression in the alginate-covered FKC group compared to other groups reveals 
higher antigen delivery and more successful vaccination process. 
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Figure 7. Immune related gene transcription analysis from Tilapia spleen which sampled at 4 weeks post vaccination in triplicate where 
Set A: fish vaccinated by alginate microcapsules covered FKC, Set B: fish vaccinated by non-covered FKC vaccine, Set C: fish feed by 
empty alginate microcapsules and Set D: fish feed by commercial pellets diet (negative control). The mRNA level of each immune-related 
gene was normalized to that of β-actin, and a fold change was calculated by dividing the values of the vaccinated tissues by those of the 
control. For each gene, the mRNA level of the control group was set as 1 

 

 

Cytokines play a crucial role in fish immunity by regulating immune responses, coordinating 
inflammation, and promoting the effective functioning of immune cells [79, 86]. In the current research, 
genes expression of the cytokines IFN 1, TNFα, IL-1β and IL-8 were analyzed. Significant upregulation 
in all tested cytokines was noted in group A in comparison to control group (p<0.001). On the other hand, 
the encapsulation positively affects the upregulation of these cytokines at different levels. Likewise, 
similar immune-related genes synthesis increased after fish vaccination with microcapsules such as IFN-
1 and Mx-1 [2], IFN-γ, TNF-α and MHC IIβ [79] and IL-6 [42]. Generally, secretion of cytokines is 
conjugated with vaccination as inflammatory response, also, cytokines act as essential mediators in fish 
immunity after vaccination by aiding the differentiation of B-cells into plasma cells and B-memory cells, 
ensuring an effective and targeted immune response against specific pathogens and contributing to the 
establishment of long-lasting immunity [18, 61, 77, 81]. Thus, the significant increase in cytokines genes 
expression in the alginate-covered FKC group compared to the non-covered FKC group is primarily the 
result of more sufficient activation of T helper cells as a consequence of extra vaccine delivery. 

 

Immunoglobulin are important components of fish immunity, providing defense against pathogens and 
enhancing the fish's ability to fight infections [31]. The main three types of immunoglobulin in bony fish 
are IgM, IgD and IgT. Fish IgM and IgT are different lineages of B cells that play key roles in mucosal 
immune responses, as their numbers can be increased through oral vaccination. IgM is the primary 
immunoglobulin involved in the fish immune response, while IgT (mimicking the mammalian IgA) is more 
specific to mucosal surfaces and provides localized defense [83, 85]. In this research, IgM and IgT genes 
transcription in alginate-covered FKC group were significantly greater than that in the control group as 
well as in the non-covered FKC group (p<0.001). 

 

Regarding our results, the upregulation in Ig genes is clearly correlated with administration of 
encapsulated FKC encapsulation, which enhanced the delivery of vaccine to MALT, and consequently 
activated B-cells to differentiate into plasma cells and memory B-cells [31, 71]. The higher transcription 
of IgM and IgT genes in group A resulted from the extra differentiation and proliferation of B-cells into 
plasma cells as Ig secretory cells [85, 87]. 

 

In group C (treated with empty alginate microspheres), except for the fact that the group had significantly 
higher bactericidal activity than the control group (p< 0.001), there were no significant changes in 
lysozymal activity, antibody titer nor immune-related genes, compared to the control group (p > 0.05), 
which indicates the absence of inflammatory or stimulatory effect of alginate on Nile tilapia immune 
system and its safe application as a pharmacological microcarrier. Accordingly, most revised studies 
confirm the safety of biopolymers commonly used in the encapsulation of fish vaccines. Despite the fact 
that other biopolymers like chitosan showed an increase in fish immune parameters when administered 
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alone, like chitosan's inflammatory stimulatory effect in Cyprinus carpio [5]. The difference in stimulatory 
effects of these biopolymers can be explained by the type and concentration of polymers used, as well 
as their purity. 

 

Relative Percent of Survival RPS after 14 Day of IP Challenge 

Even though immune parameters can provide evidence of vaccination success, challenges with highly 
virulent pathogens are still the gold standard for assessing the efficacy of vaccines [1, 44]. After 
challenging the four experimental groups with 3.6×106 CFU mL−1 suspension of virulent S. agalactiae, 
daily deaths were recorded for 14 days. Figure 8 shows the mortality rates for treated groups during two 
weeks post challenge. At the first day post-challenge, no deaths were marked in group A, whereas 
massive mortalities were recorded in the other groups, where the dead fish per day were 6 ± 1, 11 ± 1 
and 10 ± 1 in groups B, C and D respectively. During the next 3 days (2,3 and 4 days post-challenge), 
only one fish died per day in group A, while higher deaths rates in the same period were recorded for 
the remaining experiment groups in the rates 3 ± 1, 5 ± 1 and 7 ± 2 deaths per day for groups B, C and 
D respectively. By the fifth day post-challenge, all the fish in group D were dead, while mortalities stopped 
at the seventh day in group C, recording 96 ± 3.3% mortalities. Nevertheless, no deaths were marked in 
group A from the fifth day post-challenge until the last day of the experiment period, achieving only 8 ± 
2% mortality. On the other hand, mortalities in group B stopped two days later, on the seventh day post-
challenge, with a total mortality rate of 51 ± 5%. 

 

 
 

Figure 8. Cumulative mortality during 14 day post injection with viable S.agalactiae for Nile tilapia where Set A: fish vaccinated by alginate 
microcapsules covered FKC, Set B: fish vaccinated by non-covered FKC vaccine, Set C: fish feed by empty alginate microcapsules and 
Set D: fish feed by commercial pellets diet (negative control) 

 

 

The relative percent of survival (RPS) reflect survival rate comparing to control group. Figure 9 shows 
the RPS values for groups A, B and C. The appeared RPS value in group A (vaccinated with 
microcapsulated FKC) was 92± 2%, which is twice the RPS obtained in group B (vaccinated with non-
covered FKC). While the RPS in group C (supplied with empty alginate microsphere) gives rise to a very 
low survival rate (4± 3%),. Clearly, the tilapia that were immunized with alginate-covered FKC showed a 
stronger immune response compared to the control group, which resulted in better protection against 
the experimental infection. Similarly, our outcomes sympathize with previous vaccination studies of 
different fish species with encapsulated antigens [25, 42, 79]. 
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Figure 9. Relative percent of survival (RPS) for Nile tilapia after14 days post injection with viable S.agalactiae where Set A: fish 
vaccinated by alginate microcapsules covered FKC, Set B: fish vaccinated by non-covered FKC vaccine and Set C: fish feed by empty 
alginate microcapsules 

 

 

The higher survival rate in the current study compared to previous studies [2, 25, 42, 43, 48, 79] may be 
attributed to different circumstances like capsule size, applied biopolymers, type of vaccine and vaccine 
concentration within the capsules, capsules fabrication method, fish species, duration of immunization, 
pathogen type in addition to dose and timing of challenge after vaccination. 

 

Fish, like other vertebrates, develop adaptive immunity, memory B-cells are essential part of the adaptive 
immune system, they aid in the development of immunological memory, enabling a quicker and more 
effective immune reaction upon re-exposure to a previously encountered pathogen [27, 37, 66]. Overall, 
during the primary immune response (vaccination or infection) memory B -cells generated after 
stimulation by helper T cells, this long-lived memory B -cells memorize the characteristics of the antigen 
encountered during the primary immune response by undergone affinity maturation, a process in which 
B cells with higher-affinity B-cell receptors (BCRs) are selected and expanded, this BCRs developed to 
be specific to the antigen encountered during primary immune response, if the fish attacked by the same 
pathogen again, memory B cells recognize it through their BCRs, enabling a targeted immune response 
by production of antibodies with improved binding affinity for the target pathogen, enhancing their 
effectiveness in neutralizing the pathogen [21, 41, 72]. Additionally, the adaptive immune response is 
considered faster and stronger compared to the primary immune response, where naïve B cells are 
involved [27, 31]. 

 

In the current study, the production of specific antibodies against S. agalactiae have been elevated  in 
vaccinated groups at four different sampling point post vaccination process (primary immune response), 
thus, this elevation indicate the sufficient activation of memory B-cells  during primary immune response 
which responsible for specific antibodies secretion, on other hand, the high RPS in group A indicate the 
rapid and robust antibodies response triggered by memory B-cells upon re-infection (second immune 
response) allowing vaccinated fish to ensure effective invaders clearance, without deaths or severe 
illness, also the higher protection rate in group A when challenged with the vital pathogen after 30 days 
post vaccination reflect a better initiation of adaptive immune system comparing to group B, this take-
shape by higher production of specific antibodies against S. agalactiae making quicker elimination of the 
infection and save fish lives. The superior RPS in group vaccinated with alginate-covered FKC compared 
to the non-covered FKC group confirms the advantage of encapsulation with alginate, which leads to 
successful protection of antigens from degradation by gastric juice and delivers the vaccine to MALT, 
where antigens react efficiently with the immune system. 
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Conclusions 
 
In this study, the results clearly demonstrate the enhanced immunogenicity achieved through the 
utilization of alginate-covered FKC in fish vaccination. Comparing the alginate-covered FKC to their non-
covered counterparts, it is evident that the former exhibited significantly higher bactericidal activity, 
lysozymal activity, and specific antibody titers against S. agalactiae in the serum of tilapia. Furthermore, 
fish vaccinated with alginate-covered FKC displayed a notable upregulation in all tested immune-related 
genes, indicating a robust and comprehensive immune response. Clearly, these elevations resulted from 
an increase in delivered antigens to the intestine as advantage of vaccine encapsulation. Of particular 
significance is the observation that fish treated with alginate-covered FKC exhibited a considerably 
higher survival rate when compared to the non-covered FKC group. This underscores the efficacy of the 
alginate microcapsules in enhancing the protective response elicited by the vaccine. The obtained higher 
protection in the covered vaccine group is predicted due to the increased antigenicity that results from 
the protection of the vaccine by alginate microcapsules from acidic gastric juice, which partially degrade 
the uncovered vaccine, leading to a decrease in the antigenicity, which results in a less immune response 
and consequently a lower survival rate in fish that treated with non-covered vaccine. This highlights the 
importance of vaccine antigen encapsulation within alginate microcapsules in inducing a comprehensive 
and specific immune response. Additionally, in fish treated with alginate-covered empty microspheres 
(without vaccine), despite, there were no significant increases in lysozymal activity or antibody 
production, and no substantial changes in immune-related gene synthesis were observed, it is 
noteworthy that this group showed a significant increase in bactericidal activity. Thus, confirmed that 
alginate itself doesn’t have a significant role in immune protection and can be safely applied as 
encapsulation agent for fish vaccine delivery. 
 
In conclusion, the results of this study provide compelling evidence that the encapsulation of FKC within 
alginate microcapsules significantly enhances vaccine antigenicity, leading to the induction of robust and 
effective immunity. These findings hold promise for the development of biotechnological vaccination 
strategies in the field of fish immunology, with potential applications in aquaculture disease management. 

 
Conflicts of Interest 
 
The authors declares that there is no conflict of interest regarding the publication of this paper. 

 
Acknowledgment 
 

This research is part of a project supported by post graduate research grant (PGRG) number (55209) 

provided from University Malaysia Terengganu, many thanks to university staff and laboratory officers 
who cooperated in facilitate the research work. 

 
References 

 
[1] Adams, A. (2019). Progress, challenges and opportunities in fish vaccine development. Fish & Shellfish 

Immunology, 90, 210-214. 
[2] Ahmadivand, S., Soltani, M., Behdani, M., Evensen, Ø., Alirahimi, E., Hassanzadeh, R., & Soltani, E. (2017). 

Oral DNA vaccines based on CS-TPP nanoparticles and alginate microparticles confer high protection against 
infectious pancreatic necrosis virus (IPNV) infection in trout. Developmental & Comparative Immunology, 74, 
178-189. 

[3] Agüero, L., Zaldivar, D., Pe˜na, L., Solís, Y., Ramón, J. A., & Dias, M. L. (2015). Preparation and 
characterization of pH-sensitive microparticles based on polyelectrolyte complexes for antibiotic delivery. 
Polymer Engineering Science, 55, 981-987. 

[4] Agüero, L., Zaldivar-Silva, D., Peña, L., & Dias, M. L. (2017). Alginate microparticles as oral colon drug delivery 
device: A review. Carbohydrate Polymers, 168, 32-43. 

[5] Alishahi, M., Esmaeili Rad, A., Zarei, M., & Ghorbanpour, M. (2014). Effect of dietary chitosan on immune 
response and disease resistance in Cyprinus carpio. Iran. J. Vet. Med, 8(2), 125-133. 

[6] Alvarez-Lorenzo, C., Blanco-Fernandez, B., Puga, A. M., & Concheiro, A. (2013). Crosslinked ionic 
polysaccharides for stimuli-sensitive drug delivery. Advanced Drug Delivery Reviews, 65, 1148-1171. 

[7] Amend, D. F. (1981). Potency testing of fish vaccines. Dev. Biol. Stand., 49, 447-454. 
[8] Anderson, D. P., & Zeeman, M. G. (2020). Immunotoxicology in fish. Fundamentals of aquatic toxicology. CRC 

Press. 371-404. 
[9] Ángeles Esteban, M. (2012). An overview of the immunological defenses in fish skin. International scholarly 

research notices, 2012. 
[10] Ba˜nos, F. G. D., Pe˜na, A. I. D., Cifre, J. G. H., Martínez, M. C. L., Ortega, A., & de la Torre, J. G. (2014). 



 

10.11113/mjfas.v20n1.3187 37 

Darwish et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 20 (2024) 21-39 

Influence of ionic strength on the flexibility of alginate studied by size exclusion chromatography. Carbohydrate 
Polymers, 102, 223-230. 

[11] Behera, T., Nanda, P. K., Mohanty, C., Mohapatra, D., Swain, P., Das, B. K., ... & Sahoo, S. K. (2010). 
Parenteral immunization of fish, Labeo rohita with Poly D, L-lactide-co-glycolic acid (PLGA) encapsulated 
antigen microparticles promotes innate and adaptive immune responses. Fish & Shellfish Immunology, 28(2), 
320-325. 

[12] Bennacef, C., Desobry-Banon, S., Probst, L., & Desobry, S. (2021). Advances on alginate use for spherification 
to encapsulate biomolecules. Food hydrocolloids, 118, 106782. 

[13] Bianchi, M., Chopin, F., Farme, T., Franz, N., Fuentevilla, C., Garibaldi, L., & Laurenti, A. (2014). FAO: the 
state of world fisheries and aquaculture. Food and Agriculture Organization of the United Nations: Rome, Italy, 
1-230.  

[14] Bose, R. J., Kim, M., Chang, J. H., Paulmurugan, R., Moon, J. J., Koh, W. G., ... & Park, H. (2019). 
Biodegradable polymers for modern vaccine development. Journal of Industrial and Engineering Chemistry, 
77, 12-24. 

[15] Budiño, B., Cal, R. M., Piazzon, M. C., & Lamas, J. (2006). The activity of several components of the innate 
immune system in diploid and triploid turbot. Comparative Biochemistry and Physiology Part A: Molecular & 
Integrative Physiology, 145(1), 108-113. 

[16] Cabello, F. C., Godfrey, H. P., Buschmann, A. H., and Dölz, H. J. (2016). Aquaculture as yet another 
environmental gateway to the development and globalisation of antimicrobial resistance. Lancet Infect Dis., 
16(7), e127-33  

[17] Caetano, L. A., Almeida, A. J., & Gonc¸ alves, L. (2016). Effect of experimental parameters on alginate/chitosan 
microparticle for BCG encapsulation. Marine Drugs, 14, 90. 

[18] Cao, J., Xu, H., Yu, Y., & Xu, Z. (2023). Regulatory roles of cytokines in T and B lymphocytes-mediated 
immunity in teleost fish. Developmental & Comparative Immunology, 104621. 

[19] Cardoso, M. J., Costa, R. R., & Mano, J. F. (2016). Marine origin polysaccharides in drug delivery systems. 
Marine Drugs, 14, 34. 

[20] Castro, R., Bernard, D., Lefranc, M. P., Six, A., Benmansour, A., & Boudinot, P. (2011). T cell diversity and 
TcR repertoires in teleost fish. Fish & shellfish immunology, 31(5), 644-654. 

[21] Cooper, E. L. (Ed.). (2018). Advances in comparative immunology. Springer. 
[22] Dadar, M., Dhama, K., Vakharia, V. N., Hoseinifar, S. H., Karthik, K., Tiwari, R., . . . Joshi, S. K. (2017). 

Advances in aquaculture vaccines against fish pathogens: global status and current trends. Reviews in 
Fisheries Science & Aquaculture, 25(3), 184-217. 

[23] Das, P. K., & Salinas, I. (2020). Fish nasal immunity: From mucosal vaccines to neuroimmunology. Fish & 
Shellfish Immunology, 104, 165-171. 

[24] Delphino, M. K., Barone, R. S., Leal, C. A., Figueiredo, H. C., Gardner, I. A., & Gonçalves, V. S. (2019). 
Economic appraisal of vaccination against Streptoccocus agalactiae in Nile tilapia farms in Brazil. Preventive 
Veterinary Medicine, 162, 131-135. 

[25] Dezfuly, Z. T., Alishahi, M., Ghorbanpoor, M., Tabandeh, M. R., & Mesbah, M. (2020). Immunogenicity and 
protective efficacy of Yersinia ruckeri lipopolysaccharide (LPS), encapsulated by alginate-chitosan 
micro/nanoparticles in rainbow trout (Oncorhyncus mykiss). Fish & Shellfish Immunology, 104, 25-35. 

[26] Dhamecha, D., Movsas, R., Sano, U., & Menon, J. U. (2019). Applications of alginate microspheres in 
therapeutics delivery and cell culture: Past, present and future. International Journal of Pharmaceutics, 569, 
118627. 

[27] Dickerson, H. W., & Findly, R. C. (2017). Vertebrate Adaptive immunity—Comparative insights from a Teleost 
Model. Frontiers in Immunology, 8, 1379. 

[28] Esteban, M., Cuesta, A., Ortuno, J., & Meseguer, J. (2001). Immunomodulatory effects of dietary intake of 
chitin on gilthead seabream (Sparus aurata L.) innate immune system. Fish & Shellfish Immunology, 11(4), 
303-315.  

[29] FAO. (2022). The state of world fisheries and aquaculture 2022. Towards blue transformation. Rome, FAO. 
https://doi.org/10.4060/cc0461en. 

[30] Firdaus‐Nawi, M., Yusoff, S. M., Yusof, H., Abdullah, S. Z., & Zamri‐Saad, M. (2013). Efficacy of feed‐based 
adjuvant vaccine against S treptococcus agalactiae in O reochromis spp. in M alaysia. Aquaculture Research, 
45(1), 87-96  

[31] Fletcher, T. C., & Secombes, C. J. (2015). Immunology of fish. eLS, 1-9. 
[32] Flores-Kossack, C., Montero, R., Köllner, B., & Maisey, K. (2020). Chilean aquaculture and the new challenges: 

Pathogens, immune response, vaccination and fish diversification. Fish & Shellfish Immunology, 98, 52-67. 
[33] Freudenberger Catanzaro, K. C., Lahmers, K. K., Allen, I. C., & Inzana, T. J. (2022). Alginate 

microencapsulation of an attenuated O-antigen mutant of Francisella tularensis LVS as a model for a vaccine 
delivery vehicle. Plos One, 17(3), e0259807. 

[34] Funge‐Smith, S., & Bennett, A. (2019). A fresh look at inland fisheries and their role in food security and 
livelihoods. Fish and Fisheries, 20(6), 1176-1195. 

[35] Gallage, S., Katagiri, T., Endo, M., & Maita, M. (2017). Comprehensive evaluation of immunomodulation by 
moderate hypoxia in S. agalactiae vaccinated Nile tilapia. Fish & Shellfish Immunology, 66, 445-454. 

[36] Gallegos, A. M., Xiong, H., Leiner, I. M., Sušac, B., Glickman, M. S., Pamer, E. G., & Van Heijst, J. W. (2016). 
Control of T cell antigen reactivity via programmed TCR downregulation. Nature Immunology, 17(4), 379-386. 

[37] García-Moreno, D., Tyrkalska, S. D., Valera-Pérez, A., Gómez-Abenza, E., Pérez-Oliva, A. B., & Mulero, V. 
(2019). The zebrafish: a research model to understand the evolution of vertebrate immunity. Fish & Shellfish 
Immunology, 90, 215-222. 

[38] Gomez, D., Sunyer, J. O., & Salinas, I. (2013). The mucosal immune system of fish: the evolution of tolerating 
commensals while fighting pathogens. Fish & Shellfish Immunology, 35(6), 1729-1739. 

[39] Govintharaj, Y., Chandrasekar, J., Jesu, A., & Ramasamy, H. (2015). Poly D, L-lactide-co-glycolic acid (PLGA)-
encapsulated CpG-oligonucleotide (ODN) on immune response in Cyprinus carpio against Aeromonas 



 

10.11113/mjfas.v20n1.3187 38 

Darwish et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 20 (2024) 21-39 

hydrophila. Journal of Aquaculture Research and Development, 6(4). 
[40] Grayfer, L., Kerimoglu, B., Yaparla, A., Hodgkinson, J. W., Xie, J., & Belosevic, M. (2018). Mechanisms of fish 

macrophage antimicrobial immunity. Frontiers in immunology, 9, 1105. 
[41] Gusev, E. Y., Zhuravleva, Y. A., & Zotova, N. V. (2019). Correlation of the Evolution of Immunity and 

Inflammation in Vertebrates. Biology Bulletin Reviews, 9, 358-372. 
[42] Halimi, M., Alishahi, M., Abbaspour, M. R., Ghorbanpoor, M., & Tabandeh, M. R. (2019). Valuable method for 

production of oral vaccine by using alginate and chitosan against Lactococcus garvieae/Streptococcus iniae 
in rainbow trout (Oncorhynchus mykiss). Fish & Shellfish Immunology, 90, 431-439. 

[43] İspir, Ü., Türk, C., Kırıcı, M., Taysı, M. R., & Özcan, M. (2016). Immunization of rainbow trout (Oncorhynchus 
mykiss) with alginate microparticles containing inactivated Flavobacterium psychrophilum. Journal of Fisheries 
and Aquatic Sciences (Su Ürünleri Dergisi), 33(3), 233-240. 

[44] Ji, Q., Wang, S., Ma, J., & Liu, Q. (2020). A review: Pin the development of fish Vibrio spp. vaccines. 
Immunology Letters, 226, 46-54. 

[45] Jia, S., Zhou, K., Pan, R., Wei, J., Liu, Z., & Xu, Y. (2020). Oral immunization of carps with chitosan–alginate 
microcapsule containing probiotic expressing spring viremia of carp virus (SVCV) G protein provides effective 
protection against SVCV infection. Fish & Shellfish Immunology, 105, 327-329. 

[46] Joosten, P., Tiemersma, E., Threels, A., Caumartin-Dhieux, C., & Rombout, J. (1997). Oral vaccination of fish 
againstVibrio anguillarumusing alginate microparticles. Fish & Shellfish Immunology, 7(7), 471-485.  

[47] Kayansamruaj, P., Areechon, N., & Unajak, S. (2020). Development of fish vaccine in Southeast Asia: A 
challenge for the sustainability of SE Asia aquaculture. Fish & Shellfish Immunology, 103, 73-87. 

[48] Kubilay, A., Ekici, S., Didinen, B. I., & Diler, Ö. (2010). Oral vaccination against lactococcosis in rainbow trout 
(oncorhynchus mykiss) using sodium alginate and poly (lactide-co-glycolide) carriera. 

[49] Lancefield, R. C. (1938). Two serological types of group B hemolytic streptococci with related, but not identical, 
type-specific substances. The Journal of Experimental Medicine, 67(1), 25. 

[50] Larsen, B. E., Bjømstad, J., Pettersen, E. O., Tønnesen, H. H., & Melvik, J. E. (2015). Rheological 
characterization of an injectable alginate gel system. BMC Biotechnology, 15, 1-12. 

[51] Leal, C. A., Queiroz, G. A., Pereira, F. L., Tavares, G. C., & Figueiredo, H. C. (2019). Streptococcus agalactiae 
sequence type 283 in farmed fish, Brazil. Emerging Infectious Diseases, 25(4), 776.  

[52] Liu, G., Zhu, J., Chen, K., Gao, T., Yao, H., Liu, Y., ... & Lu, C. (2016). Development of Streptococcus agalactiae 
vaccines for tilapia. Diseases of Aquatic Organisms, 122(2), 163-170. 

[53] Løkka, G., Falk, K., Austbø, L., & Koppang, E. O. (2014). Uptake of yeast cells in the Atlantic salmon (Salmo 
salar L.) intestine. Developmental & Comparative Immunology, 47(1), 77-80. 

[54] Ma, J., Bruce, T. J., Jones, E. M., & Cain, K. D. (2019). A review of fish vaccine development strategies: 
Conventional methods and modern biotechnological approaches. Microorganisms, 7(11), 569. 

[55] Mao, Z., He, C., Qiu, Y., & Chen, J. (2011). Expression of Vibrio harveyi ompK in the yeast Pichia pastoris: 
The first step in developing an oral vaccine against vibriosis? Aquaculture, 318(3-4), 268-272. 

[56] Montero Meza, R. T. (2022). Considerations and new tools for improving fish vaccination. Doctoral dissertation. 
[57] Mondal, H., & Thomas, J. (2022). A review on the recent advances and application of vaccines against fish 

pathogens in aquaculture. Aquaculture International, 30(4), 1971-2000. 
[58] Munang’andu, H. M., Paul, J., & Evensen, Ø. (2016). An overview of vaccination strategies and antigen delivery 

systems for Streptococcus agalactiae vaccines in Nile tilapia (Oreochromis niloticus). Vaccines, 4(4), 48. 
[59] Naylor, R., Fang, S., & Fanzo, J. (2023). A global view of aquaculture policy. Food Policy, 116, 102422. 
[60] Novoa, B., & Pereiro, P. (2022). Editorial of special issue the 2nd edition: Vaccines for aquaculture. Vaccines, 

10(8), 1242. 
[61] Okamura, Y., Kono, T., Sakai, M., & Hikima, J. I. (2022). Evolutional perspective and functional characteristics 

of interleukin-17 in teleosts. Fish & Shellfish Immunology, 108496. 
[62] Paulsen, S. M., Lunde, H., Engstad, R. E., & Robertsen, B. (2003). In vivo effects of β-glucan and LPS on 

regulation of lysozyme activity and mRNA expression in Atlantic salmon (Salmo salar L.). Fish & Shellfish 
Immunology, 14(1), 39-54. 

[63] Peinado, I., Lesmes, U., Andrés, A., & McClements, J. D. (2010). Fabrication and morphological 
characterization of biopolymer particles formed by electrostatic complexation of heat treated lactoferrin and 
anionic polysaccharides. Langmuir, 26(12), 9827-9834. 

[64] Petit, J., Embregts, C. W., Forlenza, M., & Wiegertjes, G. F. (2019). Evidence of trained immunity in a fish: 
conserved features in carp macrophages. The Journal of Immunology, 203(1), 216-224. 

[65] Pradeep, P. J., Suebsing, R., Sirthammajak, S., Kampeera, J., Jitrakorn, S., Saksmerprome, V., ... & 
Withyachumanarnkul, B. (2016). Evidence of vertical transmission and tissue tropism of Streptococcosis from 
naturally infected red tilapia (Oreochromis spp.). Aquaculture Reports, 3, 58-66. 

[66] Pradeu, T., & Du Pasquier, L. (2018). Immunological memory: What's in a name? Immunological Reviews, 
283(1), 7-20. 

[67] Ramos-Espinoza, F. C., Cueva-Quiroz, V. A., Yunis-Aguinaga, J., & de Moraes, J. R. E. (2020). A comparison 
of novel inactivation methods for production of a vaccine against Streptococcus agalactiae in Nile tilapia 
Oreochromis niloticus. Aquaculture, 528, 735484. 

[68] Rocha, C. P., Cabral, H. N., Marques, J. C., & Gonçalves, A. M. (2022). A global overview of aquaculture food 
production with a focus on the activity’s development in transitional systems—The case study of a South 
European Country (Portugal). Journal of Marine Science and Engineering, 10(3), 417. 

[69] Rodrigues, A. P., Hirsch, D., Figueiredo, H. C. P., Logato, P. V. R., & Moraes, A. M. (2006). Production and 
characterisation of alginate microparticles incorporating Aeromonas hydrophila designed for fish oral 
vaccination. Process Biochemistry, 41(3), 638-643. 

[70] Romalde, J. L., Luzardo-Alvárez, A., Ravelo, C., Toranzo, A. E., & Blanco-Méndez, J. (2004). Oral 
immunization using alginate microparticles as a useful strategy for booster vaccination against fish 
lactoccocosis. Aquaculture, 236(1-4), 119-129. 

[71] Rombout, J. H., Yang, G., & Kiron, V. (2014). Adaptive immune responses at mucosal surfaces of teleost fish. 



 

10.11113/mjfas.v20n1.3187 39 

Darwish et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 20 (2024) 21-39 

Fish & Shellfish Immunology, 40(2), 634-643.  
[72] Scapigliati, G., Fausto, A. M., & Picchietti, S. (2018). Fish lymphocytes: an evolutionary equivalent of 

mammalian innate-like lymphocytes? Frontiers in Immunology, 9, 971. 
[73] Secombes, C. J., & Ellis, A. E. (2012). The Immunology of Teleosts. Fish Pathology: Fourth Edition (pp. 144-

166). Wiley-Blackwell. 
[74] Shelby, R. A., Shoemaker, C. A., & Klesius, P. H. (2004). Development of an ELISA to measure the humoral 

immune response of hybrid striped bass Morone chrysops× M. saxatilis to Streptococcus iniae. Aquaculture 
Research, 35(10), 997-1001.  

[75] Shishir, M. R. I., Xie, L., Sun, C., Zheng, X., & Chen, W. (2018). Advances in micro and nano-encapsulation 
of bioactive compounds using biopolymer and lipid-based transporters. Trends in Food Science & Technology, 
78, 34-60. 

[76] Simó, G., Fernández‐Fernández, E., Vila‐Crespo, J., Ruipérez, V., & Rodríguez‐Nogales, J. M. (2017). 
Research progress in coating techniques of alginate gel polymer for cell encapsulation. Carbohydrate 
Polymers, 170, 1-14. 

[77] Somamoto, T., & Nakanishi, T. (2020). Mucosal delivery of fish vaccines: Local and systemic immunity 
following mucosal immunisations. Fish & Shellfish Immunology, 99, 199-207. 

[78] Srivastava P. K and Pandey A. K. (2015). Role of immunostimulants in immune responses of fish and shellfish. 
Biochem. Cell. Arch., 15(1), 47-73. 

[79] Wang, T., Hu, Y., Wangkahart, E., Liu, F., Wang, A., Zahran, E., ... & Secombes, C. J. (2018). Interleukin (IL)-
2 is a key regulator of T helper 1 and T helper 2 cytokine expression in fish: functional characterization of two 
divergent IL2 paralogs in salmonids. Frontiers in Immunology, 9, 1683. 

[80] Wang, Q., Ji, W., & Xu, Z. (2020). Current use and development of fish vaccines in China. Fish & Shellfish 
Immunology, 96, 223-234. 

[81] Wang, X., Zhang, A., Qiu, X., Yang, K., & Zhou, H. (2023). The IL-12 family cytokines in fish: Molecular 
structure, expression profile and function. Developmental & Comparative Immunology, 104643. 

[82] Wangkahart E, Scott C, Secombes CJ, Wang T (2016) Re-examination of the rainbow trout (Oncorhynchus 
mykiss) immune response to flagellin: Yersinia ruckeri flagellin is a potent activator of acute phase proteins, 
anti-microbial peptides and pro-inflammatory cytokines in vitro. Dev Comp Immunol., 57, 75-87 

[83] Xia, H., Lu, J., Yang, P., Chen, F., Zhang, Y., Liu, L., ... & Huang, R. (2023). Research Progress in molecular 
biology of fish immunoglobulin M (IgM). Israeli Journal of Aquaculture-Bamidgeh,7 5, 1-7. 

[84] Yanong, R. P., and Erlacher-Reid, C. (2012). Biosecurity in aquaculture, Part 1: An overview. USDA Southern 
Regional Aquaculture Center, 25-59  

[85] Yu, Y., Wang, Q., Huang, Z., Ding, L., & Xu, Z. (2020). Immunoglobulins, mucosal immunity and vaccination 
in teleost fish. Frontiers in Immunology, 11, 567941. 

[86] Zhang, Y., & Su, J. (2023). Interleukin-2 family cytokines: An overview of genes, expression, signaling and 
functional roles in teleost. Developmental & Comparative Immunology, 104645. 

[87] Zhu, L. Y., Nie, L., Zhu, G., Xiang, L. X., & Shao, J. Z. (2013). Advances in research of fish immune-relevant 
genes: a comparative overview of innate and adaptive immunity in teleosts. Developmental & Comparative 
Immunology, 39(1-2), 39-62. 

 


