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INTRODUCTION
Catla (Catla catla) is the most important and 

popular farmed Indian major carp species. However, 

due to intensive culture, incidence of several 

diseases has been reported (Bondad et al, 2005). 

The control of these diseases using antibiotics 

is not desirable and therefore, development of 

appropriate prophylaxis is needed. Oral vaccination 

that is considered appropriate for aquaculture in 

general (Groove et al, 2006) is also important for 

managing enteric diseases. Preliminary studies in 
the laboratory, College of Fisheries, Mangalore, 

India on the effect of Aeromonas hydrophila biofilm 
oral vaccine on Indian major carp has given highly 

encouraging results (Azad et al, 1997, 1999). 

Increased serum antibody level and protection 

upon challenge was recorded in this study. 

Furthermore large quantities of biofilm antigens 
could be localized in lymphoid organs including 
gut; employing MAb based immunofluorescence 
(Azad et al, 2000). However, the information on 

the effect of oral vaccine on gut and skin mucus 
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is lacking. The mucosal surfaces of skin, gills and 

gut are protected by both humoral and cellular 

mechanisms (Hart et al, 1988; Rowley et al, 1988). 

Leukocytes are present in all parts of the teleost 

digestive system, most extensively in the intestine, 

where lymphocytes, plasma cells, granulocytes 

and macrophages are present under the epithelium 

(Abelli et al, 1997). Mucosal immunization with 
lectins/adhesins of mucosal pathogens may induce 

antibody responses in secretions which inhibit the 

adhesion of the organisms to epithelial surfaces. 

This approach has been successfully demonstrated 

in eliciting immune protection against a number of 

bacterial infections in mammals (Danve et al, 1993; 

Toida et al, 1997). In fish, oral and anal delivery of 
soluble and particulate antigens can elicit systemic 

and mucosal immune responses - both humoral and 

cellular (McLean and Donaldson, 1990; Jenkins et 

al, 1994). This indicates the possible existence of 

a common mucosal immune system in fish similar 
to that in mammals (Joosten et al, 1995). The 

intestinal mucosa of common carp Cyprinus carpio 
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L, has been studied with special consideration of 

mucin glycoproteins (Neuhaus et al, 2007) and 

after peroral application of A. hydrophila (Schroers 

et al, 2009). This study aims to see the effect of 
immunisation of Catla with a biofilm oral vaccine, 
focusing on gut mucosal immune responses. 

MATERIALS AND METHODS

Vaccination of catla (Catla catla) 

Catla (40±1 g) were maintained in circular 

fiberglass tanks (250 L) in the fish farm of College 
of Fisheries, Mangalore. The experimental set up 

consisted of a vaccination group (fed with biofilm 
vaccine containing 5.13×1010 CFUg-1 fish d-1) and a 

control group (fed with normal feed) stocked with 

20 fish. Every alternate day, half of the tank water 
was siphoned off to remove the waste material. 
During experiment the temperature of tank water 

ranged 27O to 29OC and pH 7.5-8.5; Fish were 

acclimatized to lab condition, 15 d prior to the 
experiment. Fish were vaccinated for a period of 10 

d. The vaccinated feed was given at 2.5% of the 

body weight a day and the complete acceptance 

of feed was monitored. After 10 d of vaccination, 

the fish were fed with normal feed till the end of 
experiment.

Serum antibody collection

After vaccine feeding for 10 days, 5 fish per 
sample time were bled from their caudal veins 

on 0, 10, 20 and 30 days post vaccination (dpv) 

with non-heparinised disposable syringes. Blood 

samples were also collected from the control group. 

Blood was transferred into micro centrifuge tubes 

and allowed to clot at room temperature for 1 h. 

Supernatant clot-free serum was collected following 

centrifugation at 10,000 rpm for 10 min.

Gut mucus antibody collection

The gut was cut open and the mucus was 

scrapped out using blunt end of a scalpel and 

transferred into the tube containing PBS. At each 
sampling point, ten fish (five from each treatment 
and control) were sampled. 

Evaluation of immune response by MAb based 

ELISA

Antibody (IgM) in serum and mucus from the 

control and vaccine fed fish (Catla) corresponding 
to the different sampling points were quantified 
by MAb based ELISA (OD at 405 nm). Briefly 
microplates (Polystyrene F-bottom, Nunc, 
Germany) were coated with 109 cells (100 µl well 
-1) of heat inactivated Aeromonas hydrophila. The 

plate was blocked with 300 µl of PBS containing 
0.05% of Tween (Merck, Darmstadt, Germany) and 

1% milk powder (Himedia) and incubated in a box 

with wet tissues at 37OC. The blocking solution was 

poured off and the plate was rinsed with distilled 
water and then washed with PBS-tween (0.05%). 
Serum and mucus samples 200 µl were added in the 

first row (starting dilution1:4) and 2 log dilutions 
were made by transferring 100 µl from one well to 

another containing 100 µl of PBS and incubated for 
1.5 h at 37°C. The plates were washed again and, 100 

µl of 1:250 MAb C5H3 (reacting to IgG of catla) for 

was added to the respective wells except negative 

control well (blank) and incubated for 1.5 h. The 

MAb was poured off and the plate was washed as 
mentioned before. Rabbit-antimouse-HRP (Sigma, 
USA 1:4000, 100 µl) was added and incubated for 

1 h at 37OC. The conjugated antibodies were poured 

off and the plate was washed again as mentioned 
above. Substrate (100 µl) of tetramethylbenzidine 
(TMB/H

2
O

2
) in distilled water (1:20) was added 

and incubated for 10 min. The reaction was stopped 

by adding 50 µl of 1 N H
2
SO

4 
and OD of the 

resultant blue colour developed was measured at 

450 nm using ELISA reader (Bio-Tek instruments, 

inc. USA).

Protection with vaccine upon challenge

Fifteen, orally immunized catla (40±1 g) were 
used for protection studies. Catla was challenged 

on 30th day post vaccination, each fish was injected 
(IM) with 0.5ml of 18 h old culture of A. hydrophila 

at 1010 cells /g fish. Appearance of gross clinical 
lesions and mortality pattern if any, were observed 

for 15 d. Post challenge mortalities were recorded 
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for a period of 7 d. Only specific mortalities with 
A. hydrophila as determined by PCR were used in 
evaluating the potency of vaccine. Relative percent 

survival (RPS) was calculated according to Amend 
et al., 1981.

RPS = [1-(% mortality of vaccinated group/ % 
mortality in control] × 100

Statistical analysis

Chi-square test was applied to test the 

dependence of survivability on vaccines; ANOVA 

followed by Dunnett’s multiple comparison tests 

was employed for the vaccination group to compare 

between control and the other time points. Unpaired 

t-test was used for the comparison between the 

control and vaccination group at 30dpv.

RESULTS AND DISCUSSION

Oral vaccination of catla with biofilm of A. 

hydrophila and evaluation of immune response 

by MAb based ELISA 

Catla maintained in circular fibre glass tanks 
were also fed with biofilm incorporated feed and 
the immune response was evaluated employing 

MAb based ELISA; Catla F2D9. Specific IgM in 
serum and mucus from all the treatments at different 
DPV were quantified (OD) at 450nm in an ELISA. 
Quantity of A. hydrophila cells coated in ELISA was 

uniform (10 9 cells /100µl) for both the vaccinated 

and non vaccinated fish groups. Compared to the 
control serum and mucus, biofilm vaccinated fish 
gave the highest OD for all the two species Catla 

(Fig.1 & 2). In catla, fed with A. hydrophila biofilm 
vaccine serum antibody increased with time reaching 

highest on 30dpv, Similar to serum antibody, mucus 

antibody increased with time in biofilm vaccinated 
catla, but impact was comparatively low OD. 

Similarly, impact of biofilm vaccine on mucus 
antibody was low compared to serum it might be due 

to no effective antibody present to detect mucosal 
antibodies. However biofilm oral vaccine gave a 
good trend of antibody production in the body.

Fig. 1: Serum antibody titre (OD at 405nm; data are 

shown as mean±SEM) in catla from control (a), Days 

post vaccination (b, c, d, e)

Fig 2: Gut mucus antibody titre (OD at 405nm; data 

are shown as mean±SEM) in Catla from control (a), 

Days post vaccination (b, c, d, and e)

Protection with biofilm vaccine upon challenge
Vaccinated catla showed an elevated protection 

to the homologous injection challenge. In 

unvaccinated control group survival was only 20 

per cent compared to 86.66 per cent with biofilm 
vaccinated group. The protective immunity 

calculated as relative percent survival (RPS) was 
83.32 for biofilm. Biofilm of bacteria are known 
for their resistance properties and are believed to 

protect oral vaccines in gut and they can act as very 

good vaccine carrier in oral immunization (Azad 
et al, 1997). Higher (86.66%) protection in BF 

vaccinated catla compared to control observed were 

in consistence with findings of Azad et al, 1999 
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also fed catla with biofilm vaccine (1010 CFU/g fish/
day for a period of 20 d to record RPS of 68.29 
compared to 53.66 with free cell vaccine. A similar 

study involving a carnivore (Clarias batrachus) 

model by Nayak et al., 2004 gave convincingly 

good results, i.e., 100 and 33.33 RPS for BF and 
control respectively followed by 20 d vaccination.

CONCLUSION
One of the challenges in the development of 

effective oral delivery is to protect the antigen 
from degradation due to acid and enzymes in the 
stomach, thereby enhancing the uptake, processing 

and presentation of the antigen to gut-associated 

lymphoid tissue at the mucosal level. Therefore, to 

protect fish from enter pathogenic agents, induction 
of mucosal immunity and especially an intestinal 

immune response, is very important. The present 

study showed that biofilm oral vaccine elicits 
antibody response at the mucosal level, although 

the titre may be low compared to that in serum there 

was a gradual increase in antibody indicating the 

presence of local immune response in the gut and 

hence an effective vaccination.  
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