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Abstract. The intensification of fish farming in Indonesia is at high risk of disease 

outbreaks, especially Aeromonas hydrophila bacterial infection that causes motile 

aeromonads septicemia (MAS). Vaccines are an essential alternative to disease 

control compared to chemicals or antibiotics. This study aims to evaluate the 

effectiveness of chitosan-coated A. hydrophila freeze-dried vaccine in catfish 

(Hemibagrus nemurus) and walking catfish (Clarias sp.), through oral and 

immersion methods. The vaccine was prepared with a bacterial concentration of 

10¹¹ CFU/mL and chitosan 1.71% or 2. 04 g, then administered to fish for 7 days. 

The challenge test was carried out two weeks after vaccination using the LD₅₀ dose. 

The observed parameters included survival rate (SR), relative percent survival 

(RPS), phagocytosis index, antibody titer, and leukocyte differential. The results 

showed that the oral method gave the best results: SR reached 88.89% (catfish) and 

78.89% (walking catfish), and RPS 71.42% and 73.97%, respectively, while SR in 

the control was 61.11% (catfish) and 18.89% (walking catfish). These results 

indicate that the chitosan-coated freeze-dried vaccine effectively increases immune 

protection against A. hydrophila and is feasible for widespread application in 

freshwater aquaculture. 
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1 Introduction

   

Aquaculture intensification in Indonesia continues to increase in various aquatic eco-
systems. Still, a lack of good environmental and feed management can trigger disease 
outbreaks that cause economic losses and become the main obstacle in intensive aqua-
culture [1]. Disease control generally still relies on chemicals and antibiotics, although 
their use is now limited due to negative impacts on the environment, fish, consumers, 
and global issues related to residues. Diseases in fish can be caused by viruses, bacteria, 
parasites, and fungi [2]. One of the important pathogenic bacteria is Aeromonas hy-
drophila, the cause of Motile Aeromonads Septicemia (MAS), which attacks freshwater 
fish such as Hemibagrus nemurus and Clarias sp., with symptoms in the form of body 
redness, fin damage, protruding eyes, pale gills, and a discharged stomach [3].  
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Due to the increasing resistance to antibiotics, vaccines are becoming a sustainable 
alternative. Oral vaccines are easier to apply, especially to small fish, but they have 
immunogenicity and antigen degradation challenges. As a biocompatible and biode-
gradable polysaccharide, Chitosan attracts attention as an adjuvant and a conveyor sys-
tem. This study evaluated the effectiveness of chitosan-coated freeze-dried oral vac-
cines against A. hydrophila. [3]. 

Freeze-dried vaccines without coatings have been researched [4]. Although the vac-
cine is safe and can increase antibody titer in catfish (Clarias sp.), tilapia (Oreochromis 
niloticus), and gourami (Osphronemus gouramy), there are limitations against A. hy-
drophila bacterial cells. Bacteria that do not use coatings appear dry, inhibiting the vac-
cine's solubility process, and bacterial cells are easily damaged. Examined freeze-dried 
vaccine preparations using three coating types: chitosan, skim milk, and maltodextrin 
[5]. This study aims to evaluate the effectiveness of chitosan-coated A. hydrophila 
freeze-dried vaccine in catfish (Hemibagrus nemurus) and walking catfish (Clarias 
sp.), through oral and immersion methods  

2 Materials and Methods 

2.1 Fish and Maintenance 

Walking catfish (Clarias sp.) and catfish (Hemibagrus nemurus) measuring 3-5 cm 
were used in this study. The fish were obtained from a local hatchery and screened in 
the laboratory to ensure they were free from Aeromonas hydrophila infection. Random 
samples were subjected to bacteriological and PCR examinations, confirming the ab-
sence of disease before the experiment. Following a two-week acclimatization period, 
the fish were distributed into experimental ponds under two treatments vaccinated and 
unvaccinated (control), each with three replicates.  

Water quality parameters, including temperature, pH, dissolved oxygen (DO), and 
nitrite, were monitored before and during the trial. Fish behavior, clinical signs, and 
mortality were observed throughout the experiment, and the survival rate (SR) was cal-
culated after two weeks. 

2.2 Preparation of Chitosan-Coated Vaccine 

The Aeromonas hydrophila bacterial vaccine, in liquid form, is coated with chitosan at 
a concentration of 1.71% or 2.04 g for freeze-drying. A total of 30 mL of liquid vaccine 
was mixed with chitosan coating material based on modifications from the results of a 
2020 study. The mixture is vortexed for 5 minutes, then frozen in the freezer for 24 
hours. The freeze-drying process is carried out using the CoolSafe Scanvac tool (Chem-
oscience Pte Ltd.), starting by cooling the system to a temperature of -100 °C before 
the vacuum is activated. The drying process lasted 3 days, after which a dry form was 
obtained from the vaccine sample. 
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2.3 Vaccine Administration 

The Freeze-dried chitosan vaccine (FCV) is administered to fish through immersion 
and incorporation into feed. Vaccination FCV by immersion involves immersing 75– 
100 walking catfish or catfish, each sized 3–5 cm, in 1 mL of vaccine diluted in 10 L 
of water for 30 minutes, with aeration. After that, the fish and the immersion water are 
put into the pond. For vaccine administration through feed, the vaccine is dissolved in 
PBS and mixed into the feed, using 10 mL of vaccine in 200 g of feed with the addition 
of 2% egg white binder. The mixture is then air-dried and administered for seven con-
secutive days. After 7 days, the fish are returned to a commercial diet until the 4th week 
of rearing [6]. 

2.4 Challenge Test 

The challenge test was conducted two weeks post vaccination by injecting the virulent 
bacterium A. hydrophila at a dose of LD50 (1×10⁷ CFU mL⁻¹). A. hydrophila isolates 
were cultured on TSA media for 24 hours, after which a single pure colony was inocu-
lated into 10 mL of TSB and incubated at 28 °C for 24 hours, followed by regrowth on 
TSA. Fish were monitored daily to assess survival rates, and haematological observa-
tions were performed weekly on days 0, 7, 14, 21, and 28. The efficacy of the vaccina-
tion was determined using the relative percent survival (RPS) value. 

2.5 Parameters and Data Analysis 

This study used an experimental method with a complete random design (CRD). The 
combination vaccine test was carried out with six treatments with three replicates Table 
1. Treatment includes oral administration of (FCV) A. hydrophila vaccine (feed), im-
mersion, and control. The parameters observed included RPS and SR (survival rate). 
Haematological observations (differential leukocytes, phagocytosis index, and anti-
body titer) were performed on three fish at random on days 0, 7, 14, 21, and 28 using 
[7, 8] methods. Supporting parameters in the form of water quality (temperature, pH, 
DO, and nitrites) were observed weekly during the study. 

As for the data, RPS was observed after the challenge test. The formula used for the 
calculation is:   

𝑅𝑃𝑆 = 1 − 
%	𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦	𝑖𝑛	𝑡𝑒𝑠𝑡	𝑔𝑟𝑜𝑢𝑝

	%	𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦	𝑖𝑛	𝑐𝑜𝑛𝑡𝑟𝑜𝑙	𝑔𝑟𝑜𝑢𝑝	
𝑥	100 

Survival Rate (SR) compares the number of fish that survive from the start to 
the end of the study. The formula to calculate survival is as follows:  

SR = Nt /N0 x 100 

SR = Survival Rate (%), 
Nt = The number of fish in the t-time (number of sample) 

 N0 = The number of fish in the initial phase (number of sample) 



 

Catfish vaccinated against (FCV) via immersion and tested in a 
challenged 

C Catfish vaccinated by (FCV) via feed and tested in a challenged 
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Table 1. Complete randomized design (CRD) of the study evaluating oral (feed) and 
immersion delivery of a coated freeze-dried vaccine in walking catfish and catfish. 

Group Treatment 
A Catfish unvaccinated and challenged (control) 
B 

D Walking catfish unvaccinated and challenged (control) 
E Walking catfish vaccinated against (FCV) via immersion and 

tested in a challenged 
F Walking catfish vaccinated by (FCV) via feed and tested in a chal-

lenged 

3. Result and Discussion 

3.1     Survival Rate (SR) and Relative Percent Survival (RPS) 

The survival Rate (SR) of catfish after the challenge test with the FCV vaccine through 
immersion (B) and feed (C) was 85.11%: 88.89%, respectively. Meanwhile, walking 
catfish survival was found in the (FCV) E vaccine treatment (immersion), which was 
74.44% and feed (F) 78.89%, respectively. The lowest survival of catfish and walking 
catfish was found in treatments A and D (control), which were 61.11% and 18.89%, 
respectively. The results of the observation of catfish survival during the challenge test 
are presented in Fig. 1. The results of observations on the survival rate of test fish in 
treatment B, C, E, and F showed that both vaccine treatments with soaking and through 
feed effectively increased the survival value of the catfish and walking catfish.  

Table 2. The average RPS of catfish and walking catfish after a challenge test with A. hydrophila 
bacteria. 

Fish Group  Relative Percent Survival (%) 
Catfish (Hemibagrus nemurus)  A - 

 B 62.85 
 C 71.42 

Walking catfish (Clarias sp.)  D - 
 E 68.49 
 F 73.97 

The high survival rate in freeze-dried vaccinated fish (B, C, E, F) proved that when 
an MAS-attack occurred, vaccinated fish were better able to survive than unvac-
cinated fish (A, D). This showed that the chitosan-coated (FCV) vaccine was able to 
affect the immune mechanism to produce antibodies that tended to be higher 
against A. hydrophila attack compared to the control. This was in accordance with the 
statement of [9] that the administration of the A. hydrophila vaccine could reduce the 
mortality rate of catfish and walking catfish. The high survival rate of B, C, E, and F 
treatment test fish (Fig. 1) showed that the chitosan-coated (FCV) vaccine given 
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was able to increase the immune response of catfish and walking catfish so that 
it could protect against disease attacks due to A. hydrophila infection, while in unvac-
cinated fish, the immune response was not maximum, making them very vulnerable 
to A. hydrophila attack. The response that arose could protect fish from the same dis-
ease attack or bacterial infection because the immune response arising from the results 
of vaccination was specific. 
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Fig. 1.  Survival rates of catfish (Groups A, B, C) and walking catfish (Groups D, E, F) follow-
ing a challenge with Aeromonas hydrophila. Groups A and D were unvaccinated controls. 
Groups B and E were vaccinated via immersion, while Groups C and F were vaccinated via oral 
feed using a chitosan-coated, freeze-dried vaccine.  

This study's relative protection level (RPS) value of catfish and walking catfish 
ranged from 62.85 – 73.97% (Table 2). The highest average RPS was found in walking 
catfish with (FCV) vaccine treatment through feed (F) of 73.97% and immersion (E) 
of 68.49%, while the average RPS of catfish was found in (FCV) vaccine treatment of 
immersion (B), which was 62.85% and through feed (C) 71.42%. The results of the 
walking catfish RPS during the challenge test are presented in Table 2. A vaccine's 
good relative protection level (RPS) is above 50% [10]. Generally, the highest level 
of protection is obtained from injection, soaking, and oral vaccination. These results 
show that the vaccination method is in line with the antibody titer results and corrob-
orated by the results of fish survival in each vaccination method. Another study on a 
vaccine's relative level of protection (RPS) has been conducted by [11], where the 
polyvalent vaccine A. hydrophila produced an average RPS of 40.52%. Another study 
by [12] made an RPS of 72% with oral A. hydrophila polyvalent vaccine and 81% 
with Rend polyvalent vaccine. 

3.2       Phagocytosis index 

The results of the observation of the phagocytosis index in the test fish's blood showed 
that the average phagocyte cell value in the vaccinated fish group was higher than that 
of the unvaccinated test fish (control) (see Fig. 2). This is because vaccines can cause 



 

 

 

 
 

           57Enhanced Protection of Hemibagrus nemurus and Clarias sp. in …  

phagocytes to have better antigen capabilities. The difference in phagocyte cell values 
between vaccinated and unvaccinated fish indicates that the vaccinated test fish have 
better specific defense capabilities than the unvaccinated test fish.  
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Fig. 2. The phagocytosis index of vaccinated and unvaccinated catfish and walking catfish. 
Values represent the mean phagocytic activity measured in all treatment groups of catfish (A-
C) and walking catfish (D-F) post vaccination using a chitosan-coated, freeze-dried vaccine, 
and after challenge test with Aeromonas hydrophila. 

Observation of phagocytosis index is carried out to determine the response of phag-
ocyte cells to the presence of antigens. Antigen Observation was carried out first at 
the time of acclimatization, the second observation during the vaccine induction pe-
riod, the third observation at the time of the challenge test, and the fourth observation 
after the H21 challenge test. 

3.3     Leukocyte differential 

The differential results of the leukocytes of the test fish showed the highest number of 
lymphocytes in all treatments compared to the number of monocytes or neutrophils. 
The high proportion of lymphocytes is due to their proportion in large leukocytes. The 
high proportion of lymphocytes is due to their function in providing immune sub-
stances found in large quantities, even though there was a decrease at the time of the 
challenge [13]. 

Lymphocytes in the blood decreased during the H14 challenge test, both in the vac-
cinated and control treatments (Fig. 3). The decrease in lymphocytes occurs because 
these immune substances (antibodies) are used to attack pathogens. This is suspected 
because during the challenge test, white blood cells showed resistance activity against 
A. hydrophila. The increase in resistance activity causes an increase in the need for 
white blood cells, especially phagocyte cells. It causes a decrease in the number of 
cells that provide the body's immune substances, namely lymphocytes. An increase in 
the intensity of infection by specific pathogens will trigger the need for white blood 
cells, which results in a decrease in the number of cells that provide the body's immune 
substances, namely lymphocytes [12].  
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Fig. 3. Changes in differential leukocyte of all treatment groups of catfish (A-C) and walking catfish 
(D-F) post vaccination using a chitosan-coated, freeze-dried vaccine and after challenge test 
with Aeromonas hydrophila. 

3.4.    Antibody Titer 

The efficacy of the chitosan-coated (FCV) vaccine was demonstrated by the produc-
tion of specific antibody titers following vaccination. At week (H0), the antibody titers 
were similar across all treatment groups (Fig. 4.), as the fish had not yet received the 
vaccinated feed. These baseline titers represent a natural antibody response to the gen-
eral aquatic environment. A noticeable increase in antibody production was observed 
by H7 (one-week post-vaccination) in vaccinated groups compared to the unvac-
cinated controls. The antibody titers continued to rise at H14 across all vaccinated 
groups. A further increase was observed in the third week (H21), while by H28, the 
titers in vaccinated fish generally stabilized or showed a slight decline. This decrease 
is likely due to a reduction in the presence of antigens within the body, leading to 
diminished stimulation for antibody production. 
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Fig. 4. Titer antibodies of all treatment groups of catfish (A-C) and walking catfish (D-F) post 
vaccination using a chitosan-coated, freeze-dried vaccine and after challenge test with Aer-
omonas hydrophila. 

The chitosan-coated (FCV) vaccine administration in test fish feed increased the 
production of antibody titer. On the seventh day, or one week after the vaccine is ad-
ministered, there is an increase in antibody titer. This is the body's immune response 
to the given antigen. Immune responses formed by vaccination through feed are sus-
pected not to be systemic but rather due to the induction of mucosal reactions [14]. 
The immune response is formed due to antigens reaching the intestinal cavity that 
stimulate lymphocytes in the intestinal tissue to produce antibodies [8]. The main dif-
ference between vaccinated fish and control fish is that in vaccinated fish, antibodies 
have emerged in response to vaccination from the inactivated vaccine before the fish 
are challenged. 

In contrast, in control fish, a reaction to bacteria appears after being challenged 
[15]. An increase in antibody titers in vaccinated fish indicates the activation of a spe-
cific immune response to antigens (whole cell A. hydrophila). Antibody titer scores 
indicate how much the antigen stimulates the immune response. The higher the im-
mune response to antigens, the higher the production of antibodies. However, the high 
and low antibody titer is not the only measure of disease protection [10]. 

 3.5     Water Quality 

Water quality is a critical medium that supports fish life and can influence physiolog-
ical responses, including antibody formation [15]. The water quality parameters meas-
ured throughout the study remained within optimal ranges for aquaculture: dissolved 
oxygen (DO) levels ranged from 4.88 to 6.04 mg/L, pH levels were 5-6, temperature 
was 27-28 °C, and nitrite concentrations were 0.01-0.03 mg/L (Table 3). These stable 
conditions, within the optimal range for fish farming (temperature: 25-30°C; pH: 6.5-
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8.5; nitrite: < 0.05 mg/L) [16, 17], help ensure that the observed immune responses 
and survival rates were primarily due to the vaccination treatments and not stressors 
from the environment. 

Table 3. Water quality parameters during the maintenance of catfish (H. nemurus) and walking 
catfish (Clarias sp.) post-vaccination. 

Sample Fish species Treatment Water Quality Parameter 
code DO 

(mg/L) 
Tempera-
ture (⁰C) 

pH Nitrite 
(mg/l) 

A Catfish Control 
(Unvaccinated) 

5.65 28.00 5.00 0.02 

B Catfish Vaccinated 
(immersion) 

5.40 28.00 6.00 0.01 

C Catfish Vaccinated (Feed) 4.88 27.00 6.00 0.02 
D Walking catfish Control 

(Unvaccinated) 
6.04 27.00 5.00 0.02 

E Walking catfish Vaccinated 
(immersion) 

5.56 27.00 6.00 0.03 

F Walking catfish Vaccinated (Feed) 5.63 27.00 5.00 0.03 

4. Conclusion 

Based on the research findings, it can be concluded that administering a chitosan-
coated freeze-dried vaccine through immersion and orally can enhance survival rates 
(SR), relative protection levels (RPS), and fish immunity over a 28-day rearing pe-
riod. The most effective method for delivering the chitosan-coated freeze-dried vac-
cine to combat Motile Aeromonas septicemia (MAS) in catfish and walking catfish is 
through feed. This method results in survival rates of 88.89% and 78.89%, with RPS 
values of 71.42% and 73.97%, respectively. 
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