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Abstract 

This research aims to increase fish survival rate by providing oral feed containing formalin killed cells of 

Vibrio alginolyticus. It investigates whether it is effective or not. In the hatchery, the survival rate of 

grouper Epinephelus sp. is only 2-3 percent. The death of 4-6 g size grouper infected by Vibrio sp. is very 

quick. Fish dies only after 12 h of infection. The problem on larval stage is that the fish size is small. So, 

it is not possible to perform injection or immersion because it may result in high stress of the fish. The 

only way to overcome the problem is oral provision by incorporation of feed. Formalin-killed cells of 

Vibrio were coated with alginate and administered orally through feed. Alginate microparticles were 

prepared from colloidal complexes using sodium alginate gel as a core. All alginate solutions (2% w/v) 

were prepared by dissolving sodium alginate in deionized water. The survival rate of fish increased to 

20–22 percent; the antibody titer was 64-256 and phagocytic rate was 32-60. The increased survival rate 

was due to higher antibody and superoxide production in fish. This study suggests that vaccination for 

small fish can be done in the future by making various improvements. 
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1. Introduction 

Indonesian grouper export in 2016 was quite large. Central Bureau of Statistics (BPS) noted 

that in 2016 Indonesia exported groupers to various countries with the value which reached 

32.18 million US dollars or about IDR 427 billion. 

However, the survival rate of grouper seeds Epinephelus sp. is only 2-3 percent after hatch. 

The death of 4-6 g-sized grouper seeds infected by Vibrio sp. occurs quickly [9], no more than 

12 hours after infection. The mortality rate may reach 80 percent of the population. There are 

two types of Vibrio bacteria that infect the grouper, V. alginolyticus and V. anguillarum [9], 

while those infecting shrimp are Vibrio harveyi and Vibrio splendidus [14], similar to those 

identified in the Philippines [6]. In Malaysia, Vibriosis is caused by bacteria and V. 

parahaemolyticus as well as V. alginolyticus. Whereas, in Japan, Vibrio sp. P. japonicus 

reportedly attacked shrimp [15]. Vibriosis found in China was mainly caused by V. 

parahaemolyticus in shrimp larvae [8]. Mass mortalities on larval stage is due to the small size 

of the fish. So, it is not possible to carry out injection or immersion because it may result in 

high stress on the fish. 

There is one possible way to overcome the infection, that is by incorporating Vibrio antigen 

into the feed. Vaccination can enhance specific and non-specific self-defense mechanisms. 

Specific defense can be enhanced by incorporating Vitamic C into feed [7]. This study aims to 

determine whether the incorporation of Vibrio antigen into the feed can enhance the survival 

rate of grouper larvae. 

This study reveals that increasing the survival rate of small grouper fish can possibly be done 

by feeding the fish with alginate particles containing formalin killed cells of Vibrio 

alginolyticus. This study helps the researchers uncover critical areas of vaccination that many 

researchers were unable to explore. Thus, a new theory on little fish vaccination may be 

invented. 
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Materials and Methods 

Bacteria strain 

Vibrio parahaemolyticus was grown on cellophane-covered 

NA for 24-48 hours [17]. Then, they were harvested and placed 

into a Petri dish. The bacteria were added with 2 ml of 

phosphate buffered saline (PBS), and washed 3 times for 10 

minutes. The bacteria were killed with 3% formalin for 72 

hours. Each FKC obtained was washed 3 times for 10 minutes 

by centrifugation. Bacterial density was made 50 mg/ml. It 

was then stored in -4 °C and dialyzed with PBS.  

 

Preparation for alginate  

Alginate microparticles were prepared from colloidal 

complexes using sodium alginate gel as a core. All alginate 

solutions (2% w/v) were prepared by dissolving sodium 

alginate in deionized water. Micronized prednisolone powder 

(2-4% w/v) plus Vibrio antigen was then dissolved in sodium 

alginate and stirred for 10 min, and sprayed directly on the 

solution of calcium chloride (0.5-1.0% w/v) containing 0.5-

1.5% chitosan. Microparticles were left for 2 hours to harden 

before being washed 2 x with DW at room temperature. 

  

Fish used in this study 

Twenty fish (7 cm in length) in each aquarium were fed at 

libitum for 7 days. Fish that had been feed, were challenged 

with Vibrio alginolyticus at a dose of 7.1 x 104 CFU. The fish 

were kept in an aquarium for 14 days and their mortality rates 

were recorded. 

 

Feeding fish with alginate  

Another group of grouper of ±10 cm in length was injected 

intraperitoneally with 0.01 of glycogen to stimulate 

macrophage production. After 24 hours, the fish were 

anesthetized with MS-222. Blood was taken from the base of 

the tail to prevent the contamination of macrophage with red 

blood. A half milliliter of Leibovitz medium (L-15) 

containing 2% Fetal Bovine Serum (FBS) and 10 units/ml 

heparin was injected intraperitoneally into the grouper. The 

rest of the macrophage was washed again with 0.5 ml of L-15. 

Macrophage cells were then centrifuged at 400xg for 10 

minutes and dissolved in L-15. Viable cells (living cells) were 

observed and counted by trypan blue staining. The cell 

density was calculated 2-5x106 cells/ml using H 

aemocytometer (Assistant, Karl Hecht KG Germany). 

 

 

 

Phagocytosis 

Bacteria and macrophages (vaccinated and control) were 

mixed and incubated at 25 ºC for 30 mins by shaking at 25 

rpm, allowing contact between the macrophages and the 

bacteria. The macrophage was taken to be smeared on a slide 

glass that had been coated with albumin and stained with 

May-Grunwald Giemsa. Further, phagocytosis was calculated. 
 

Intracellular O2 

Head kidney macrophages that have been collected were 

poured into L15 medium (Sigma, USA). The macrophages 

were then filtered with 100 µm nylon. Percoll (2 ml of 30-

51%, Sigma, USA) was added to the cell suspension and 

centrifuged at 400 xg for 40 min at 4ºC. Macrophages 

obtained were poured into the L-15 (10% fetal bovine serum) 

at concentration of 1 x 107 cells/ml. Macrophage was then 

adjusted to 1 x 106 cells/ml and poured into the wells. 

Superoxide anion production was conducted by nitroblue 

tetrazolium (NBT) [11]. NBT solution per well (100 ml, 1 mg 

of NBT and 1 mg phorbol 12-myristate 13 acetate in 1 ml of 

medium L-15) was added to the wells and incubated at 30ºC 

for 1 hour. Cells were fixed with 100% alcohol and then 120 

ml of KOH (2M) and 140 ml dimethyl sulfoxide was added to 

the formation of formazan. Superoxide anion production was 

measured at OD 620 nm. 
 

Results and Discussion 

After fish were fed a diet containing whole cell bacteria 

(whole cell vaccine) the phagocyte rate was between 34 – 53 

and control 32 percent, while the survival rate (SR) was 20-22 

and 52 control percent, this indicates an increase in life, 

because it usually does not up to 5 percent (normally 2-3 

percent). This increase was related due to an increase in 

phagocytosis and antibody production (Table 1) and an 

increase in intracellular O2 production (Figure 3), both of 

which increased significantly, this in turn would lead to an 

increase in the grouper survival rate. Phagocytosis is the 

process by which cells engulf some solid particles to form 

internal vesicles known as phagosomes. Phagocytosis is, in 

fact, a specific form of endocytosis involving vesicular 

interiorization of particles. Degradation may be oxygen-

dependent or oxygen-independent. Oxygen-dependent 

degradation depends on NADPH and the production of 

reactive oxygen species. Hydrogen peroxide and 

myeloperoxidase activate a halogenating system, which leads 

to the creation of hypochlorite and the destruction of bacteria 
[3]. 

 

Table 1: Survival rate, phagocytic rate and antibody titer of vaccinated fish 
 

Doses at libitum Survival Rate (%) Antibody titer Phagocytosis Rate (PI) 

Replication 1 20 64 34 

Replication 2 20 128 53 

Replication 3 22 256 52 

Control 52 16 32 
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Fig 1: Alginate vaccine powder 

 

 
 

Fig 2: Macrophage ingested bacteria cells 

 

The antibody titer detects the presence and measures the 

amount of antibodies in fish blood. The amount and diversity 

of antibodies correlate with the strength of body's immune 

response. Superoxide dismutase is an important antioxidant 

defense in nearly all living cells exposed to oxygen. One 

exception is Lactobacillus plantarum and related lactobacilli, 

which use a different mechanism to prevent damage from 

reactive (O2-). 

 

 
 

Fig 3: Production of inracelluar O2 by macrophage 

 

Protection of vaccinated fish is produced from a high antigen 

concentration, but if the antigen level is too high, sometimes it 

does not confer proper protection. Optimum concentration 

between the highest and lowest dose and the same pattern will 

be followed by an increased antibody titer, which indicates a 

high degree of protection as well. Production of superoxide 

anion in the immune system is critical to the animal itself as a 

defense system against disease and significant as an immune 

function (Secombes, 1996; Crosby et al., 2010) [12, 1]. 

Superoxide anion production varies between fish because the 

production of superoxide anion in this study tended to 

increase (Fig 3). 

Vaccines are small amounts of microbes (killed or attenuated) 

or antigens administered to stimulate the immune system to 

produce memory cells against a specific disease. Protection of 

grouper varies and depends on the dose used. Memory cells 

are so effective that fish’s immune system may fight off an 

infection before any symptoms occur. The main obstacle of 

oral feeding may be "bad taste" or the palatability of feed. The 

fish were fed twice a day and left hungry. It would increase 

the appetite of fish. Palatability has been a problem of using 

oral system. Antigens that have a Molecular Weight (MW) 

more than 5 kD are immunogenic, whereas antigens with 

smaller molecular weight are not. It is known that fish only 

have IgM, the main immunoglobulin specific against bacterial 

infection. However, this immunoglobulin affinity is very low. 

Antigens from whole bacteria provide good protection results. 

In this study, the mortality of control fish was 52 percent, 

because they only received Phosphate Buffered Saline, pH 7.0 

(PBS) alone. The survival rate of vaccinated fish is between 

20-22 percent. The potential immunogen is in the cell walls of 

the bacteria because most of the experimental vaccination 

with whole bacterial cells provides good protection. 

Vaccination with a low antigen concentration did not result in 

protection. The protection of vaccinated fish is produced from 

a high concentration of antigen. However, if the antigen level 

is too high, sometimes it does not confer good protection. An 

optimal concentration between the highest and lowest dose 

and the same pattern will be followed by an increased 

antibody titer which indicates a high degree of protection as 

well. Basically, protective antigen level is above 5 kD to 200 

kD [4]. 

The result of tested grouper is presented in Table 1. Formalin-

killed cells antigen provides protection against Vibrio 

challenged. Protection due to the large size and intact antigen 

has not been broken or damaged due to physical or chemical 

factors. Antibody production is dependent upon the age of the 

fish, e.g. trout after 4 weeks of age, but memory development 

takes at least 8 weeks. 

An antigen that has a lower MW could not be recognized by 

lymphocytes of fish. There are no scientific explanations for 

this. Production of superoxide anion in the immune system is 

critical to the animal itself as a defense system against 

diseases and significant as immune function [1, 11]. Superoxide 

anion production varies between the fish because the 

production of superoxide anion tends to increase in this study 

(Fig 3). Superoxide dismutase is an enzyme that alternately 

catalyzes the dismutation of the superoxide (O2-) radical into 

either ordinary molecular oxygen (O2) or hydrogen peroxide 

(H2O2) [17]. Superoxide is produced as a by-product of 

oxygen metabolism and, if not regulated, causes many types 

of cell damage [2]. Hydrogen peroxide is also damaging and is 

degraded by other enzymes, such as catalase. Thus, SOD is an 

important antioxidant defense in nearly all living cells 

exposed to oxygen. One exception is Lactobacillus plantarum 

and related lactobacilli, which use a different mechanism to 

prevent damage from reactive (O2-) [17]. 

Similarly, phagocytic rate (PR) increased after vaccination. 

This process is actually easy to understand because, when 

compared to controls, it varied enormously and this 

phenomenon occurred almost in every vaccination. Although 

this study has not obtained excellent results, at least, it has 

given a hope that the vaccination of small fish is possible in 

the future. The success of vaccination is expected to increase 

grouper production and reduce the poverty of fishermen. 
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As conclution, the survival rate of fish increased to 20 – 22 

percent; antibody titer was 64-256 and phagocytic rate was 

32-60. The increase of survival rate was due to higher 

antibody and superoxide production in fish. This study gives a 

hope that vaccination for small fish can be done in the future 

by making various improvements. 
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