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ABSTRACT
Although vaccination and post-vaccination studies have gained considerable importance in the field 

of aquaculture diseases, little is understood about the mechanism of immune-protection in vaccinated fish 
following infection. In the present study, an attempt was made to discover the mechanism of protection rendered 
by a modified adjuvant-based recombinant outer membrane protein R (rOmpR) vaccine, in rohu, Labeo rohita 
(an important Indian major carp species) following a challenge with Aeromonas hydrophila. For this, expression 
analysis of an array of immune molecules (IgM, complement factor 3, interleukin 1β, interleukin 6, tumor 
necrosis factor α, interleukin 15, MHC I and MHC II) was carried out in the anterior kidney tissues of vaccinated 
fish, at 0, 12, 24, 48, 72 and 120 h post-challenge. Higher transcript levels of IgM, MHC I and MHC II were 
evident in the mineral oil-based OmpR vaccinated and modified adjuvant-based OmpR-vaccinated groups, 
at different time points post-challenge, including the non-challenged fish. Early onset of pro-inflammatory 
cytokines and expression of most of the immune genes was more pronounced in vaccinated fish at different time 
points post-challenge, thus indicating a better immune response in these fish. This study indicated the activation 
of both humoral and cell mediated immunity in vaccinated rohu following a challenge with A. hydrophila.
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Introduction 
Vaccination is considered to be the most effective strategy to combat bacterial 

diseases in aquaculture. Currently, a number of commercialized vaccines are available 
against various fish pathogens, with different degrees of success. Though these vaccines 
provide immune-protection against particular pathogens, the exact mechanism is not 
known. Vaccines are expected to produce memory cells for long periods, whereas higher 
levels of antibody production are correlated with vaccine efficacy (YANG et al., 2013). 
In addition to antibodies, cellular immune molecules are also considered to mediate 
protective immunity (YANG et al., 2013). A number of investigations have been carried 
out to evaluate the post-administration effect of vaccines in different species of fish. 
However, it is essential to understand the protective immune response in vaccinated fish 
after infection with a particular pathogen, in order to further enhance the efficacy of 
a vaccine. Stimulation of antigen presenting molecules, viz. major histocompatibility 
complex I and II in vaccinated fish, as well as after infection has been reported (YANG 
et al., 2013). Induction of adaptive immunity in vaccinated rainbow trout after infection 
with a wild type Yersinia ruckeri illustrates the role of adaptive immune response in 
vaccine induced immunity (HARUN et al., 2011). On the other hand, no correlation was 
found with an increase in the expression of genes involved in specific immunity in 
response to viral haemorrhagic septicaemia virus in DNA-vaccinated rainbow trout, and 
involvement of memory cells was thought to play a role in stimulating host immunity 
(CUESTA and TAFALLA, 2009). As far as the quantity and cost effectivity of vaccines are 
concerned, recombinant vaccines have been proved to be one of the best alternatives 
(POOBALANE et al., 2010). In addition to vaccines, adjuvants play an important role in 
induction of stronger immune response. Although mineral oil (MO) is a widely used 
adjuvant in aquaculture, its use poses a risk due to its undesirable side effects (POPPE 
and BRECK, 1997). However, plant extracts, when used as adjuvants against Aeromonas 
hydrophila, have been reported to stimulate immune response as well as increase the 
survival rate in several species of fish (YIN et al., 2009). Developing a vaccine against 
this pathogen remains a challenge as its pathogenesis is multifactorial. Earlier studies 
from our laboratory reported evaluation of a modified adjuvant, while conducting 
vaccination studies in L. rohita with a recombinant outer membrane protein R (rOmpR) 
of A. hydrophila. The modified adjuvant consisted of a combination of the widely used 
mineral oil and a herbal product, and was found to reduce the side effects of the mineral 
oil. The modified adjuvant, when used with the rOmpR, resulted in an enhanced immune 
response against the rOmpR of A. hydrophila, and reduced mortality significantly upon A. 
hydrophila challenge (DASH et al., 2014). In the present study, we attempted to explore the 
resistance mechanism in L. rohita, immunized with the modified adjuvant-based rOmpR 
vaccine and subsequently challenged with virulent A. hydrophila. 
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Expression analysis of immune genes in naïve fish during infection or in vaccinated 
fish following challenge has always been of interest in the field of infection and immunity. 
Pro-inflammatory cytokines were found to be induced in the anterior kidney of Puntius 
sarana during initial periods of infection with A. hydrophila (DAS et al., 2011). An increase 
in the expression of TNF-α and IL-8 has been reported in Zebrafish, vaccinated with a 
mutated strain of E. tarda (WED: a live attenuated strain of E. tarda) at early periods post-
challenge. The MHC I mediated pathway has been reported to play a role in protection 
during E. tarda infection in a mutant E. tarda vaccinated zebra fish (YANG et al., 2013). 
Although the role of C3 in antibacterial immunity is well documented, the initiator of the 
complement cascade has rarely been studied in vaccinated fish (ZHOU et al., 2008). 

In the present study, we carried out expression profiling of an array of immune-related 
genes of the antigen presentation pathway {major histocompatibility complex I and II 
(MHC I and MHC II)}, cytokine cascade {interleukin-1 β (IL-1β), interleukin-6 (IL-6), 
interleukin-15 (IL-15) and tumor necrosis factor (factor- α (TNF-α)}, the complement 
system {complement factor 3 (C3)} and antibody-mediated response (IgM), in order to 
understand the mechanism of protection, upon A. hydrophila challenge in fish immunized 
with a vaccine formulation of rOmpR and a modified adjuvant. Since the anterior kidney 
is an important lymphoid organ in fish that houses various types of immune cells and 
is one of the target organs of acute septicemia during A. hydrophila infection, gene 
expression studies were conducted in this tissue. 

Materials and methods
 Experimental design. Rohu (L. rohita) juveniles (healthy, without prior history of 

any infection, average weight 70.0 ± 5.2 g), were received from the farm of the Central 
Institute of Freshwater Aquaculture (CIFA), Bhubaneswar, India. Animals were kept 
for 15 days for acclimatization in fiber-reinforced plastic tanks of 1,200 L capacity in 
dechlorinated tap water, before conducting the experiment. A commercial pellet diet 
(ABIS floating feed, Indian Solvent Industry, India), at 2.5% of body weight, was fed to 
the fish in two divided doses daily. About one-tenth of the water was siphoned regularly, 
and the water parameters were measured at regular intervals to maintain optimum water 
quality. The water temperature ranged from 25-28 °C throughout the experimental 
period. The fish were randomly distributed into experimental groups of thirty fish each 
(in triplicate, 10 fish per tank) under continuous aeration.

Vaccine, adjuvant, bacterial isolate and vaccination protocol. Large scale production 
of rOmpR was carried out using pRSET.AhOmpR plasmid as per the protocol described 
previously (DASH et al., 2014). The mineral oil-based herbal modified adjuvant was 
prepared as described by DASH et al. (2014). The bacterial isolate of A. hydrophila (Ah#15) 
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used in this study was isolated from a dermal ulcer of L. rohita during an outbreak, and 
was preserved in glycerol at -80 °C (MOHANTY et al., 2008).

All immunizations were carried out with 0.2 mL of formulation intraperitoneally. The 
fish were divided into six groups including a naïve control (group A), a group immunized 
with PBS and mineral oil (PBS-MO in 1:1) (group B), group C immunized with formalin-
killed A. hydrophila (FKC, 106 cells/fish) (in PBS with MO), and group D injected with 
the same bacterial antigen as in group C with a modified adjuvant. The other two groups 
- groups E and F received rOmpR (1.5 µg/g body weight) in PBS and MO, and rOmpR 
in modified adjuvant formulation, respectively. Two booster doses of a similar amount 
were administered to all the groups with the respective vehicles on days 21 and 35 post-
injection (dpi). 

 Post-challenge sample collection. At 60 days post-vaccination (dpv), the fish from 
all the groups were challenged with virulent A. hydrophila (107 cfu/fish). Anterior kidney 
tissues were collected (in triplicate) aseptically in RNAlater (Sigma-Aldrich Chemicals 
Co., USA) by sacrificing three fish from each group (one from each replicate) at 0 h 
(before challenge) and 12, 24, 48, 72 and 120 h post-challenge, based on our previous 
observations and earlier reports in channel catfish, regarding the presence of an increased 
load of bacteria at around 12 h or thereafter, causing major damage to the anterior kidney. 
They were kept at -80 °C for further study (MAHAPATRA et al., 2008; MU et al., 2011).

The cause of any mortality was ascertained by isolating bacteria from 5 moribund fish 
and confirmation by PCR using A. hydrophila specific primers (MOHANTY et al., 2008).

RNA isolation, cDNA synthesis and qPCR. Total RNA was extracted from kidney 
samples using a TRI reagent (Sigma-Aldrich Chemicals Co., USA) according to the 
manufacturer’s instructions. RNA samples were treated with DNase I to remove DNA 
contamination. The quality and integrity of RNA were checked using NanoDrop ND1000 
(Thermo scientific, USA), and by performing reverse transcript ion PCR with β-actin 
primers, respectively. For reverse-transcription PCR, 1 µg of total RNA was used to 
synthesize complementary DNA (cDNA), as described previously (SAHOO et al., 2013). 
The cDNAs were stored at 0 °C until further use. For qPCR analysis, 100 ng of cDNA 
was used and the sample normalization was carried out using the constitutively expressed 
reference gene β-actin. Expression levels of IgM, C3, IL-1β, IL-6, IL-15, TNF-α, MHC I 
and MHC II were analyzed using either published or self-designed gene specific primers. 
Primer pairs for C3, IL-6, MHC I and MHC II were designed from the published L. rohita 
mRNA contig seq whereas primers for IL-1β and IgM were derived from rohu IL-1β 
(AM932525.1) and IgM (HM58639.1) mRNA sequences available in the NCBI database 
(Table 1). Purified PCR products of self-designed primers were cloned into the T cloning 
vector using an instant cloning kit (Bangalore Genei, Bangalore), and transformed into E. 
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coli DH5α cells. Three positive clones were sequenced, and bioinformatics analysis was 
carried out for confirmation (data not provided).

Table 1. Primers used with their optimum annealing temperatures and sizes of PCR amplicons

Gene Primer sequence (5’ to 3’)

Optimum 
annealing 

temperature 
(°C)

Size of 
PCR 

amplicon 
(bp)  Reference

IgM F-ACGCTTCACCATCTCCA
R-AGCCACCGTAGCCTCTT 47.6 110

n.s. (not 
submitted), s.d 
(self designed)

Complement 
factor 3 (C3)

F-CATACCGACGGGATTTAC
R-CAGCAGGTTGTAGCAGAC

49.3 209
KJOGLUM et 
al. (2006), contig 
11743 

IL-1β 
F-GTGACACTGACTGGAGGAA
R-AGTTTGGGCAAGGAAGA

54.0 164 n.s., s.d.

IL- 6
F-GGACCGCTTTGAAACTCT
R-GCTCCCTGTAACGCTTGT

54.3 212
KJOGLUM et 
al. (2006), contig 
88018 

TNF-α
F-CCAGGCTTTCACTTCAGG
R-GCCATAGGAATCGGAGTAG

51.6 181 KAR et al. (2013)

IL- 15
F-ACCAACAATCTCGCTTTCG
R-GTTCAACGGGCATTCCAT

52.0 154 DAS et al. (2014)

MHCI
F-GAATGGAGACAAACGCAAAGA
R-TCCAGCATAGGCAAGATGAG

49.8 71
KJOGLUM et 
al. (2006), contig 
55372 

MHCII
F-TTTACAAGAGCCCACCAG
R-TTCAGATAAGCGAACACG

55.3 229
KJOGLUM et 
al. (2006), contig 
88088 

β-actin
F-TTGGCAATGAGAGGTTCAGGT
R-TTGGCATACAGGTCCTTACGG

56.0 139 ROBINSON et al. 
(2012)

For qPCR, primer efficiency was checked by serial dilution of the reference cDNA. 
Quantitative PCR was carried out using the Light Cycler 480 SYBR Green I master 
mix (Roche, Germany) as described previously (SAHOO et al., 2013). The quantification 
cycle (Cq) values for each gene were calculated using a second derivative maximum 
method for absolute quantification analysis, using Light Cycler 480 software. The fold 
differences were calculated by the 2-ΔΔCq method (LIVAK and SCHMITTGEN, 2001). 
For the gene expression study, the mean value of samples at 0 h was considered as 
the calibrator, and that ΔCq value (average Cq of sample - average Cq of β-actin) was 
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subtracted from the ΔCq of each sample to get ΔΔCq. The fold expression of each sample 
relative to the calibrator was calculated as 2-ΔΔCq. The average fold expression of each 
group (in triplicate) was derived at each time point and presented as mean ± SE. Any 
significant difference between the groups at each time period was analyzed by One-way 
ANOVA (SPSS software version 18) followed by Duncan’s multiple range test (P≤0.05, 
statistically significant). 

Results 
A significantly higher level of IgM transcripts was detected in groups E and F just 

prior to the challenge. Interestingly, these two groups also showed a higher IgM level up 
to 24 h post-challenge (hpc). At 48 hpc, the antibody level was up-regulated in all four 
vaccinated groups except groups A and B (both controls). IgM levels remained higher in 
groups E and F even at 72 and 120 hpc (Fig. 1). 

Fig. 1. Variations in expression patterns in IgM in the anterior kidney of different groups at 
different time periods following challenge with A. hydrophila. Bars represent mean ± SE. Mean 
values bearing the same superscripts are statistically not different, P≤0.05. Group A - control, 

group B - injected with PBS-MO, group C - injected with PBS-MO-FKC, group D - injected with 
PBS-MO-FKC-modified adjuvant, group E - injected with PBS-MO-OmpR and group F - injected 
with PBS-MO-OmpR-modified adjuvant. Mean values bearing same superscripts (above the bars) 

are statistically not different, P≤0.05.

Before the challenge, a similar pattern of C3 expression was noticed in all groups. 
An increase in C3 expression was noted from the initial periods post-challenge, with a 
relatively higher expression in groups D and F at 12 h. At 24 h, the expression of C3 was 
higher in groups D, E and F, with group F showing the highest expression of the three 
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groups. Subsequently, the C3 level declined in all groups except group F, which continued 
to show increased C3 levels even at later intervals (Fig. 2).

Fig. 2. Variations in expression patterns in C3 in the anterior kidney of different groups at 
different time periods following challenge with A. hydrophila. Bars represent mean ± SE. Mean 
values bearing the same superscripts are statistically not different, P≤0.05. Group A - control, 

group B - injected with PBS - MO, group C - injected with PBS - MO - FKC, group D - injected 
with PBS - MO - FKC - modified adjuvant, group E - injected with PBS - MO - OmpR and group 

F - injected with PBS-MO-OmpR-modified adjuvant. Mean values bearing same superscripts 
(above the bars) are statistically not different, P≤0.05.

The group of pro-inflammatory cytokines which play major role during bacterial 
infection were analyzed for changes in their expression profile in the different groups. 
Before the challenge, no difference was found in the expression levels of IL-6 and TNF-α, 
whereas IL-15 expression was higher in groups D, E and F in comparison to groups A, B 
and C. In the case of IL-1β, the immunized groups showed an up-regulated expression in 
comparison to the control, with the highest expression observed in group F (Fig. 3). At 
12 hpc, IL-1β expression was significantly higher in groups E and F. At 48 hpc, group F 
showed the highest levels of IL-1β, whereas at 72 h no difference was noted between the 
various groups. Surprisingly, at 120 hpc, group D fish showed the highest expression of 
IL-1β. 

An increased expression of IL-6 was found in groups C, D, E and F up to 72 h after 
the challenge (except at 48 h, when group C showed the basal level of IL-6 expression). 
At 12 hpc, group C showed the highest level of IL-6, whereas at subsequent time points, 
it was highest in group F, followed by groups D and E. There was a significant decline in 
IL-6 expression in all the experimental groups at 120 h, except in group F (Fig. 4). 
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Fig. 3. Variations in expression patterns in IL-1β in the anterior kidney of different groups at 
different time periods following challenge with A. hydrophila. Bars represent mean ± SE. Mean 

values bearing the same superscripts are statistically not different, P≤0.05. Group A-control, 
group B- injected with PBS-MO, group C- injected with PBS-MO-FKC, group D- injected with 
PBS-MO-FKC-modified adjuvant, group E-injected with PBS-MO-OmpR and group F- injected 

with PBS-MO-OmpR-modified adjuvant. Mean values bearing same superscripts (above the bars) 
are statistically not different, P≤0.05.

An up-regulation in TNF-α was evident in all the immunized groups at 12 hpc. At 
24 h, the level of the TNF-α transcripts was up-regulated in groups D, E and F, whereas 
at 48 and 120 h, it was the highest in group F animals (Fig. 5). The higher expression of 
IL-15 was marked in immunized groups D, E and F prior to the challenge, but only group 
C animals showed an increased expression of this gene at 120 h after the challenge with 
A. hydrophila (Fig. 6).

Fig. 4. Variations in expression patterns in IL-6 in the anterior kidney of different groups at 
different time periods following challenge with A. hydrophila. Bars represent mean ± SE. Mean 
values bearing the same superscripts are statistically not different, P≤ 0.05. Group A - control, 

group B - injected with PBS - MO, group C - injected with PBS - MO - FKC, group D - injected 
with PBS - MO - FKC - modified adjuvant, group E - injected with PBS - MO - OmpR and group 

F - injected with PBS-MO-OmpR-modified adjuvant. Mean values bearing same superscripts 
(above the bars) are statistically not different, P≤0.05.
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Fig. 5. Variations in expression patterns in TNF α in the anterior kidney of different groups at 
different time periods following challenge with A. hydrophila. Bars represent mean ± SE. Mean 
values bearing the same superscripts are statistically not different, P≤0.05. Group A - control, 

group B - injected with PBS - MO, group C - injected with PBS - MO - FKC, group D - injected 
with PBS - MO - FKC - modified adjuvant, group E - injected with PBS - MO - OmpR and group 

F - injected with PBS-MO-OmpR-modified adjuvant. Mean values bearing same superscripts 
(above the bars) are statistically not different, P≤0.05.

Fig. 6. Variations in expression patterns in IL-15 in the anterior kidney of different groups at 
different time periods following challenge with A. hydrophila. Bars represent mean ± SE. Mean 
values bearing the same superscripts are statistically not different, P≤0.05. Group A - control, 

group B - injected with PBS - MO, group C - injected with PBS - MO - FKC, group D - injected 
with PBS - MO - FKC - modified adjuvant, group E - injected with PBS - MO - OmpR and group 

F - injected with PBS-MO-OmpR-modified adjuvant. Mean values bearing same superscripts 
(above the bars) are statistically not different, P≤0.05.
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Fig. 7. Variations in expression patterns in MHC I in the anterior kidney of different groups at 
different time periods following challenge with A. hydrophila. Bars represent mean ± SE. Mean 
values bearing the same superscripts are statistically not different, P≤0.05. Group A - control, 

group B - injected with PBS - MO, group C - injected with PBS - MO - FKC, group D - injected 
with PBS - MO - FKC - modified adjuvant, group E - injected with PBS - MO - OmpR and group 

F - injected with PBS-MO-OmpR-modified adjuvant. Mean values bearing same superscripts 
(above the bars) are statistically not different, P≤0.05.

Fig. 8. Variations in expression patterns in MHC II in the anterior kidney of different groups at 
different time periods following challenge with A. hydrophila. Bars represent mean ± SE. Mean 

values bearing the same superscripts are statistically not different, P≤0.05. Group A-control, 
group B- injected with PBS-MO, group C- injected with PBS-MO-FKC, group D- injected with 
PBS-MO-FKC-modified adjuvant, group E-injected with PBS-MO-OmpR and group F- injected 

with PBS-MO-OmpR-modified adjuvant. Mean values bearing same superscripts (above the bars) 
are statistically not different, P≤0.05.

An induced expression of MHC I and MHC II was found in rOmpR-vaccinated groups 
E and F prior to the challenge (Figs. 7 and 8). Further, at 12 hpc, all the immunized groups 
showed elevated levels of both MHC I and MHC II transcripts, with group E showing the 
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highest levels in both cases. At 24 hpc, the MHC I level was higher in groups E and F, and 
at later time points the level started to decrease in all groups. However, at 72 and 120 hpc, 
the fish in group F showed an increased expression of MHC I. In the case of MHC II, the 
level continued to be increased after 12 hpc, with a varying degree of expression among 
the experimental groups. At 24 and 48 hpc, all the immunized groups showed high levels 
of MHC II, whereas at 72 h, it only remained higher in groups E and F. An up-regulated 
MHC II was found in group F at all time points post-challenge. 

Discussion
To investigate the immunological mechanism underlying the protection provided by 

modified adjuvant-based rOmpR vaccine at the transcript level, we studied a suite of 
immune molecules of various pathways of the immune system which play major role 
during any immunological insult to the host. Antibody-mediated humoral immunity plays 
a major role in fish during bacterial infections, such as Vibrio anguillarum, A. hydrophila, 
Flavobacterium psychrophilum, Streptococcus agalactiae and Streptococcus iniae, and 
results in increased protection (JIAO et al., 2010). Many researchers have looked at the 
changes in gene expression in fish, post-vaccination or post-infection, but our knowledge 
of the post-challenge immune response in vaccinated fish is very limited (HARUN et al., 
2011; DAS et al., 2011; MAHAPATRA et al., 2008). 

In the present study, the significantly higher IgM level in both rOmpR vaccinated 
groups indicated the role of humoral immunity provided by the novel antigenic 
formulations during A. hydrophila infection. A positive correlation has been reported 
between increased antibody titer against an A-layer protein of A. salmonicida and the 
survival rate of Atlantic salmon post-infection with the pathogen (LUND et al., 1995). 
Higher IgM levels in OmpR-modified adjuvant/non-challenged fish point towards a long-
lived antibody response, along with elevated innate immune effectors, as noticed in this 
study. The rOmpR component of A. hydrophila might be able to mimic the pathogen 
itself, thus resulting in higher levels of protective antibody, as reflected in the post-
challenge survival rate of rOmpR vaccinated groups (DASH et al., 2014). An elevated 
IgM titer was marked in A. hydrophila resistant common carp families, when challenged 
with the specific pathogen (ARDO et al., 2010). C3 is considered to be an important 
antimicrobial weapon of teleosts, which initiates complement mediated opsonization 
during infection (DAS et al., 2011). Increased C3 levels at an early hour after challenge, as 
well as at subsequent time points (24, 72 and 120 hpc) in group F fish, perhaps suggest the 
immediate activation of the complement cascade in animals injected with this modified 
adjuvant-rOmpR, which leads to the early clearance of the pathogen by activated 
phagocytosis/opsonization like activities. Besides these complement molecules, the role 
of pro-inflammatory cytokines during infection, the key molecules involved in activation 
and recruitment of leucocytes at the site of inflammation, also needs to be investigated. 
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In most studies, the expression level of pro-inflammatory cytokines was found to be up-
regulated post-infection (ROJO et al., 2007). In the present study, one of the remarkable 
changes was found in the expression of some cytokines in animals immunized with 
modified adjuvant-rOmpR. An increased level of IL-1β and TNF-α in that group, up to 48 
hpc, suggests the activation of these cytokines immediately after infection and the drop 
in their levels later, might reflect a decrease in the bacterial burden or neutralization of 
the inflammation. Although changes were marked in other immunized groups as well, 
these were not significant. In contrast to these two cytokines, highly up-regulated IL-6 
was evident in all the groups up to 72 hpc, except groups A and B, suggesting the early 
activation of the inflammatory pathway in these groups. In fish that received the modified 
adjuvant-based rOmpR formulation (group F), the highest expression of IL-1β and IL-6 at 
almost all time points post-challenge might be indicative of the good response induced by 
the vaccine formulation. These cytokines, as the key molecules in initiating inflammation 
and immune response, activate T cells, B cells, natural killer cells and phagocytic cells 
(ROJO et al., 2007). A progressive increase in the expression of IL-1β and TNF-α at early 
time points after bacterial infection, followed by a subsequent decrease, was also reported 
previously (ROJO et al., 2007). The expression pattern of pro-inflammatory cytokines in 
the rOmpR-vaccinated groups further proved the antigenic potential of OmpR of A. 
hydrophila in fish. When the vaccinated fish were challenged with A. hydrophila, the host 
immune system functioned more efficiently, as it had had prior exposure to the rOmpR 
antigen of this bacterium. Additionally, the response was significantly higher in the group 
that received the modified adjuvant-based vaccine. As IL-15 plays an immunoregulatory 
role in the cross-talk between specific and innate immunity, we tried to highlight its role 
during infection in the vaccinated fish. Surprisingly, while its expression was higher in 
the vaccinated fish before the challenge, no difference was found among the groups at 
different time points post-challenge, indicating the non-responsiveness of this molecule. 
However, there are several reports revealing the protection provided by rIL-15 against 
invading bacterial pathogens (FEHNIGER and CALIGIURI, 2001). The higher MHC II 
expression in groups that were injected with rOmpR, before the challenge as well as 
after the challenge suggests a MHC II mediated response/T helper cell response to be 
more prominent in vaccinated groups. Besides, the level was also found to be increased 
in the challenged FKC injected groups up to 48 hpc, which was expected as the challenge 
acts as a re-infection with the same pathogen in those groups. An increase in the 
expression of immune genes was found in fish immunized with bacterial antigens, or 
during infection (CAIPANG et al., 2008). The initial FKC immunization in these animals 
might have activated an immune response, which, upon a challenge with the same 
organism, produced increased MHC molecules. However, the increased MHC I titer in 
antigen injected groups at early time points post-challenge cannot be ignored. APCs are 
the connecting link between adaptive and innate immunity. Among them, dendritic cells 
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play a very important role. They stimulate naïve T cells and present exogenous antigens 
to MHC I. It has been reported that OmpA of Klebsiella pneumonia, a gram-negative 
pathogen, elicits MHC I response through dendritic cells (JEANNIN et al., 2000; JEANNIN 
et al., 2002). An antigen presentation of rOmps also occurs sometimes through the MHC II 
pathway, as the presentation depends upon the processing of the antigens, i.e. whether it is 
endogenous or exogenous (VOLAND et al., 2003). In this study, induction of MHC I after 
the challenge might be due to the involvement of the dendritic cell mediated CD8+T cell 
immune response in rOmpR-vaccinated fish. On the other hand, the induced expression 
of MHC II in rOmpR vaccinated fish at different time points after the challenge suggests 
activation of both the arms of the antigen presentation. As it is well known that at CD 4+ T 
cells are potent inducers of CD 8+ T cells, induced expression of both MHC I and MHC II 
in the rOmpR group animals could be due to the cross-talk between these two molecules 
for immune clearance of the antigen. As MHC molecules have been found to protect fish 
during infections, an elevated level could well be correlated with the potential of rOmpR/
rOmpR-modified adjuvant formulation against A. hydrophila infection (KJOGLUM et al., 
2006). Although some vaccination studies have focused on the MHC I pathway of antigen 
presentation, studies on the downstream molecules involved in the process need to be 
further explored (YANG et al., 2013). The increased expression of some genes, viz. IgM, 
IL-15 and MHC II, in vaccinated fish before the challenge, may also help the host to fight 
against any type of infection.

Conclusion
The study showed the immediate onset of pro-inflammatory cytokines in vaccinated 

groups post-challenge, with the activation of humoral immunity from early time points 
onwards. It further confirmed that both arms (humoral and cell mediated) of immunity 
can act simultaneously, or share the responsibility at different stages of infection, for early 
clearance of the pathogen. The modified adjuvant must play some role in boosting the 
immunity since the response was stronger in the modified adjuvant treated groups alone. 
Further studies on this modified vaccine formulation are needed for its field application, 
which may help in minimizing the loss caused by this pathogen to the aquaculture industry. 
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SAŽETAK
Iako su cijepljenje i istraživanja nakon cijepljenja znatno dobila na važnosti u borbi protiv bolesti u 

akvakulturi, malo se zna o mehanizmu imunološke zaštite u cijepljenih riba nakon izazivačke infekcije.  U 
ovom se istraživanju pokušalo rasvijetliti mehanizam zaštite nakon cijepljenja modificiranim cjepivom 
pripravljenim od rekombinantnog proteina R (rOmpR) vezanog na adjuvans u vrste Labeo rohita (za Indiju 
važne vrste šarana) i izazivačke infekcije vrstom Aeromonas hydrophila. U tu svrhu analizirana je ekspresija 
niza imunosnih molekula (IgM, faktor 3 komplementa, interleukin 1β, interleukin 6, faktor tumorske nekroze 
α, interleukin 15, MHC I and MHC II) u bubrežnim tkivima cijepljenih riba 0, 12, 24, 48, 72 i 120 h nakon 
izazivačke infekcije. Više razine transkripata IgM, MHC I i MHC II bile su očite u skupina cijepljenih 
OmpR-om s mineralnim uljem kao adjuvansom i modificiranim OmpR-om s mineralnim uljem u različitim 
vremenskim razmacima nakon izazivačke infekcije kao i onih koje nisu bile podvrgnute izazivačkoj infekciji. 
Rana pojava proupalnih citokina i ekspresije većine imunosnih gena bila je više izražena u cijepljenih riba u 
različitim vremenskim točkama nakon izazivačke infekcije što upućuje na bolji imunosni odgovor u tih riba. 
Ovo istraživanje naznačuje aktivaciju i humoralne i stanične imunosti u cijepljenih rohu riba nakon izazivačke 
infekcije bakterijom A. hydrophila. 

Ključne riječi: adjuvans, Aeromonas hydrophila, genska ekspresija, izazivačka infekcija, Labeo rohita________________________________________________________________________________________


