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Aeromonas  hydrophila,  as a strong  Gram-negative  bacterium,  can  infect  a  wide  range  of  freshwater  fish,
including  common  carp  Cyprinus  carpio,  and  cause  the huge  economic  loss.  To  create  the  effective  vaccine
is  the  best  way  to control  the  outbreak  of  the  disease  caused  by  A. hydrophila.  In this  study,  a live  atten-
uated  A.  hydrophila  strain, XX1LA,  was  screened  from  the pathogenic  A.  hydrophila  strain  XX1  cultured
on  medium  containing  the  antibiotic  rifampicin,  which  was  used  as  a live  attenuated  vaccine  candidate.
The  immune  protection  of  XX1LA  against  the  pathogen  A.  hydrophila  in common  carp  was  evaluated
by  the  relative  percent  survival  (RPS),  the  specific  IgM  antibody  titers,  serum  lysozyme  activity  and
the  expression  profiles  of multiple  immune-related  genes  at the  different  time  points  following  immu-
nization.  The  results  showed  that the  variable  up-regulations  of the immune-related  genes,  such  as  the
pro-inflammatory  cytokine  IL-1ˇ,  the  chemokine  IL-10  and  IgM,  were  observed  in spleen  and  liver of com-
mon  carp  injected  in  the  vaccines  with  the formalin-killed  A.  hydrophila  (FKA)  and  the  live  attenuated
XX1LA.  Specific  antibody  to A. hydrophila  was  found  to gradually  increase  during  28  days  post-vaccination
(dpv),  and the  RPS  (83.7%)  in fish  vaccinated  with  XX1LA,  was  significant  higher  than  that  (37.2%)  in fish
vaccinated  with  FKA  (P <  0.05)  on  Day 28  after  challenged  by  pathogen.  It  was  demonstrated  that  the
remarkable  immune  protection  presented  in the group  vaccinated  with  XX1LA.  During  the  late stage  of 4-

week immunization  phase,  compared  with  FKA  and  the control,  specific  IgM antibody  titers  significantly
increased  (P  < 0.05)  in the XX1LA  group.  The  activity  of  the  lysozyme  in  serum  indicated  no  significant
change  among  three  groups.  In  summary,  the live  attenuated  bacterial  vaccine  XX1LA,  screened  in this
study,  indicates  the  better  protect  effect  on common  carp  against  A.  hydrophila, which  can  be  applied  in
aquaculture  of common  carp  to prevent  from  the  disease  outbreak  in  the  future.

© 2016  Elsevier  Ltd. All  rights  reserved.
. Introduction

The common carp Cyprinus carpio,  as the third most species
ultured in worldwide, accounts for over 3 million metric tons a
ear, about 10% of annual global freshwater production in aquacul-
ure [1,2]. The common carp was cultured for human consumption
n China 3000 years ago, and now is widely cultured over 100
ountries [3,4]. In addition, common carp is also an important orna-
ental fish species. Nevertheless, in recent years, the common carp
Please cite this article in press as: Jiang X, et al. Immune effects of t
rifampicin on common carp (Cyprinus carpio L). Vaccine (2016), http:/

uffered a potential environmental stress to its health in the inten-
ive rearing pattern, and has led to a high susceptibility to various
isease agents in fish.

∗ Corresponding author at: No. 46, Jianshe Road, College of Fisheries, Henan
ormal University, Xinxiang 453007, China. Tel.: +86 373 3328928.

E-mail address: xhkong@htu.cn (X. Kong).

ttp://dx.doi.org/10.1016/j.vaccine.2016.04.075
264-410X/© 2016 Elsevier Ltd. All rights reserved.
Aeromonas hydrophila, as an important Gram-negative, motile,
rod-shaped bacterial pathogen, were commonly found in aquatic
environment throughout the world, and is the causative agent of
epizootic ulcerative syndrome [5], which is also known as motile
Aeromonas septicaemia (MAS) [6]. A number of fish species are
found to be susceptible to A. hydrophila,  such as common carp, gold-
fish (Carassius auratus auratus), striped catfish (Plotosus lineatus)
and rohu carp (Labeo rohita)  [7–10]. It has led to huge economic
losses in aquaculture. However, the use of antibiotics as a pre-
ventive measure has been questioned because they can induce
resistant bacteria populations, alter the gut microbiota, and bring
the potential risk on human health [11,12]. In the previous studies,
the various A. hydrophila vaccines, such as the whole bacteria killed
he vaccine of live attenuated Aeromonas hydrophila screened by
/dx.doi.org/10.1016/j.vaccine.2016.04.075

by formalin or heat [13,14], isolated non-replicating pathogen pro-
teins (e.g. the extra-cellular proteins [15], outer membrane proteins
[16,17]), recombinant S-layer protein [18], lipopolysaccharide (LPS)
[19], biofilms [20] and live attenuated bacteria [21] have been

dx.doi.org/10.1016/j.vaccine.2016.04.075
dx.doi.org/10.1016/j.vaccine.2016.04.075
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:xhkong@htu.cn
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eveloped to control the spread of disease incurred by A. hydrophila,
ith varying degrees of protection against pathogen challenge.
owever, most vaccines indicated some defects in producing, vac-
ine applying or immune effect. The live attenuated vaccine is an
ffective agent but incurred in virulence recovery. Therefore, to
creen an effective and stable live attenuated vaccine is very impor-
ant for applying in aquaculture. In this study, a live attenuated A.
ydrophila potential vaccine, XX1LA, was screened by rifampicin
reatment in vitro condition.

. Materials and methods

.1. Fish

Healthy common carp (C. carpio)  with the weight of 100 ± 17 g
ere obtained from the breeding farm of C. carpio in Zhengzhou,
enan. The fish were acclimatized at 22 ± 2 ◦C for 14 d before
xperimental manipulation in 1200-L tanks, with a photo-period
f 12 h:12 h (light:dark), in which the water was filtered by an indi-
idual biofilter and aerated by oxygen filling stone. Prior to vaccine
njection, the fish were anaesthetized with tricaine methane sul-
onate (MS-222, Sigma) to collect the blood and then sacrificed to
ake out spleen and liver. Before each experiment, 5% fish were ran-
omly selected for the examination of bacterial stability in spleen,

iver and blood, and no bacteria could be detected in fish tissues
xamined.

.2. Bacterial strains and growth conditions

A. hydrophila XX1, as a pathogenic strain, is isolated from the
iseased common carp collected in local farm in Xinxiang city. The

ive-attenuated bacterium XX1LA was obtained according to the
ethod described by Sun et al. [22]. Briefly, XX1 was cultured in

uria-Bertani broth (LB) medium to an OD600 of 0.8, the 50 �l of
hich was plated on a LB agar plate containing 1 �g/ml rifampicin

Sangon, Shanghai, China). The plate was incubated at 28 ◦C for
 days. One of the colonies randomly selected from the plate,
hen cultured in LB medium containing 5 �g/ml rifampicin until an
D600 of 0.8. After 20 passages of A. hydrophila XX1 in LB medium
ontaining gradually increased concentrations of rifampicin, the
ntibiotic-resistant strain XX1LA was able to grow in LB medium
ontaining 250 �g/ml of rifampicin. The identity of XX1LA was ver-
fied by polymerase chain reaction (PCR) analysis using specific
rimers to A. hydrophila 16S rRNA reported previously [23].

.3. Virulence and stability analysis of XX1LA

To examine the lethal dose 50% (LD50) of XX1LA, carp
ere divided randomly into 6 groups (20 fish/group), and

ach group was injected i.p. with 200 �l of XX1LA suspension
ontaining105–109 CFU/ml at 10-fold difference. The mortality of
sh was monitored for two weeks, and LD50 was determined by
sing the Probit analysis implemented in the software SPSS 20.0
SPSS Inc., USA).

The stability of XX1LA was determined as described previously
24]. Briefly, the examination was administered under in vitro
nd in vivo conditions. The mutant bacterium was cultured in LB
edium until an optical density (OD) of 0.8 at 600 nm and diluted
ith fresh LB to 106 CFU/ml, and then incubated at 28 ◦C to OD600

alue of 0.8. The partial cells cultured were used for LD50 exam-
nation, and the other cells cultured was diluted to 105 CFU/ml in
resh LB medium and incubated at 28 ◦C to 0.8 of OD600 as described
Please cite this article in press as: Jiang X, et al. Immune effects of t
rifampicin on common carp (Cyprinus carpio L). Vaccine (2016), http:/

bove. The procedure was repeated ten times. The examination of
X1LA stability in vivo was administered by injection i.p into each
arp with 100 �l 106 CFU/ml bacteria. The fish were monitored for
he appearance of disease symptom. XX1LA was recovered from
 PRESS
xx (2016) xxx–xxx

the liver, kidney, and spleen of diseased fish as described above.
The recovered bacteria from the different organs were used for
LD50 determination and for next round infection. This process was
repeated ten times.

2.4. Preparation of formalin-killed A. hydrophila(FKA)

A. hydrophila was  cultured in LB medium at 28 ◦C for 24 h, and
the bacteria were harvested by centrifuging at 8000 × g for 10 min,
and the cells were washed and resuspended with PBS. Then forma-
lin was  added into the suspension to a final concentration of 0.6%
(v/v). The suspension was  incubated at 28 ◦C for 48 h and was tested
for complete inactivation with no bacterium observed growing on
LB agar plate after diluting bacterial suspension was  plated. The
bacteria were adjusted to a concentration of 1.0 × 107 CFU/ml for
later use.

2.5. Vaccining, sampling and challenging

XX1LA was  cultured in LB medium to 0.8 of OD600, washed with
PBS, and then resuspended in PBS to 107 CFU/ml. The common carp
were divided randomly into three groups (180 fish/group), injected
i.p. PBS, FKA and XX1LA (200 �l/fish) respectively with 1 ml  dispos-
able syringe. At 0, 7, 14, 21, and 28 dpv, the 5 fish in each group were
bled aseptically after anesthetized by MS-222. The blood was clot-
ted at 4 ◦C for 4 h. The serum was  collected after centrifugation at
3000 × g for 8 min, and stored at −20 ◦C until analysis. The spleen
and liver in each group were taken out at 0, 1, 3, 5, 7, 14, 21 and
28 dpv, respectively, and extracted the total RNA immediately. At
14 d post-vaccination, 20 fish were taken out from the three groups
respectively, and challenged with 200 �l 1 × 107 CFU/ml (ten times
of LD50) XX1 via i.p. Mortality was recorded daily up to 2 weeks
and relative percentage survival (RPS) was  calculated following the
method of Amend [25]: RPS = (1 − the ratio of mortality percent in
the vaccine group to in the control) × 100%. The experiments were
performed in triplicate.

2.6. Serum lysozyme activity

Serum lysozyme activity was measured using a turbidometric
method as described by Sankaran and Gurnani [26]. The 200 �l
suspension of Micrococcus lysodeikticus (0.2 mg/ml) in 0.02 M PBS
(pH 5.5) was added to 50 �l of serum previously taken in 96-
well flat-bottom microtiter plate (Jetbiofil, Guangzhou, China). The
absorbance at 570 nm was  measured immediately after addition of
bacteria and final optical density was  measured after incubating for
30 min  at 28 ◦C. Serum lysozyme activity was  expressed as Unit/ml
and calculated as Ey = (the first optical density − the final optical
density) × volume of reaction solution/(30 min  × 0.001).

2.7. Specific antibody analysis

Before the fish were immunized, five fish of each group were
bled and the sera were collected as negative control. Antibody lev-
els in fish serum against A. hydrophila were determined from 0
to 28 dpv using a modified ELISA method, which was described
as the following: the microplate was  coated for 4 h at 37 ◦C with
1 × 107 CFU/ml XX1 in 100 �l of coating buffer (50 mM carbonate
buffer, pH 9.6). Unbound antigen was  removed by washing the plate
three times with 300 �l of washing buffer (0.05% Tween-20 in PBS
(pH 7.4)). Then the microplate was  blocked for 2 h at room tem-
perature with 100 �l of blocking buffer (2% bovine serum albumin
he vaccine of live attenuated Aeromonas hydrophila screened by
/dx.doi.org/10.1016/j.vaccine.2016.04.075

(BSA) in washing buffer). 2-fold serial dilutions of the sera with
the first dilution 1:32 in PBS with 0.3% BSA and added to the wells
in duplicate. Antibodies binding to the antigen was  detected using
mouse-anti-fish (common carp) IgM (developed in our lab) (1:800

dx.doi.org/10.1016/j.vaccine.2016.04.075
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Table  1
Primers used in this study.

Gene Forward primer (5′-3′) Reverse primer (5′-3′)

ˇ-actin GACTTCGACAGGAG CAAGAAGGATGGAACA
IL-1ˇ CGGAAGCATAAAGTGTAAAGCC GTGAGCGAGGAAGCGGAAGA
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decreased in serum after 7 d, both in control and vaccinated groups,
and the values reached the lowest levels at 28 dpv. But no significant
difference (P > 0.05) between vaccinated and unvaccinated group
appeared at each time point.

Fig. 1. Cumulative mortality of C. carpio in two  immunized groups and the control
after challenged with XX1 (i.p) at 14 dpv. C. carpio immunized with the vaccine of FKA
or  XX1LA were monitored for 2 weeks. The values were presented with mean ± SD
(n = 3). The symbol * represents the significant difference (P < 0.05) between the
immunized group and the control at the same time point.
IL-10 TGGAACCATTACTGGACGAA TCTTTATGCTGGCGAACTCA
IgM CCGTAACATCAGCTCAACCA TTCTTAGCATAATCCGTCCA

ilution in washing buffer), followed by goat-anti-mouse IgG con-
ugated with horse-radish peroxidase (Vazyme, 1:8000 dilution in
BS with 1% BSA). Finally, 100 �l/well of TMB  was  added to the
icroplate. After incubation for 10 min  at 26 ◦C, 50 �l stop solution

2 M H2SO4) was added into each well and the intensity of the ELISA
eading was determined using the optical density at 450 nm with

 microplate reader. Results were considered as the positive if the
bsorbance was at least double that in the control sera, and anti-
ody titers were scored as the highest positive dilution. The value
f serum titer was converted by Log2 [27].

.8. Total RNA isolation, cDNA synthesis and real-time
uantitative PCR

Total RNA in liver and spleen were extracted by Trizol (TaKaRa,
apan), following the instructions of manufacturer. The RNA was
igested by RNase-free DNase I (Sangon, China) to eliminate
enomic DNA contaminant. The quality of the total RNA was
hecked based on its optical density at 260 and 280 nm,  measured
y spectrophotometry. First strand complementary DNA (cDNA)
as synthesized in 1 �g total RNA using PrimeScript RT reagent Kit

TaKaRa, Japan).
Real-time quantitative PCR (RT-qPCR) was performed by SYBR

reen real-time PCR mix  (TaKaRa, Japan) using ABI 7500 Real-
ime Detection system (Applied Biosystems, USA) following the

anufacturer’s instructions. Primers used in PCR for each gene
ere listed in Table 1. The primers were designed with Primer

xpress software (Applied Biosystems) and tested with a set of
NA and cDNA samples to make sure that the products could not
e amplified from genomic DNA. The primer pairs were efficiently
etermined using the performing serial dilutions of reference cDNA
nd used to quantify the cDNA concentration. The relative expres-
ion of each immune-relative gene was determined by comparing
o the expression level of �-actin gene using the 2−��CT method
28].

.9. Statistical analysis

The value of each immune parameter was presented as
ean ± standard deviation (mean ± SD). One way analysis of vari-

nce (ANOVA) was performed implemented in the software SPSS
0.0. Differences in mortality were determined in �2 test. The sig-
ificant difference was set at P = 0.05.

. Results

.1. Virulence and stability of XX1LA

Virulence results showed that the LD50 of XX1LA was
.5 × 109 CFU/ml, which was higher than that of parent strain XX1

n 200-fold, therefore, the virulence of XX1LA was  reduced signif-
cantly and, generally, could not result in fish disease. To examine

hether XX1LA could revert to the wild type in vitro and in vivo
Please cite this article in press as: Jiang X, et al. Immune effects of th
rifampicin on common carp (Cyprinus carpio L). Vaccine (2016), http:

ithout selective pressure, the strain was sub-cultured ten times
n LB medium and passed ten rounds in common carp respectively.
he results showed that the sub-cultures and XX1LA isolated from
nfected fish were indistinguishable from XX1 in LD50.
 PRESS
x (2016) xxx–xxx 3

3.2. Protection of immunized common carp against A. hydrophila

Common carp were challenged with A. hydrophila XX1 by i.p.
injection. The typical symptoms of septicemia in liver and ulcer
were observed in sick fish, and the bacteria, A. hydrophila, were
isolated from the liver of the dying fish. As shown in Fig. 1, the lethal
appeared in the control and FKA groups on Day  1, when more than
10% fish died, and ceased on Day 4, when the cumulative mortalities
in the control and FKA groups were reached at 71.7% and 45.0%
respectively. The fish in the XX1LA group started to die on Day
2 and ceased on Day 4, when a cumulative mortality reached to
11.7%. Compared with the control, the cumulative mortality in two
immunized groups reduced significant (P < 0.05) from 2 to 14 d post
challenging in the Chi–Square test. The RPS in FKA and XX1LA group
was 37.2% and 83.7% relative to the control, respectively.

3.3. Lysozyme activity in serum

The values of lysozyme activity in serum of C. carpio vacci-
nated and unvaccinated are shown in Fig. 2. The lysozyme activity
e vaccine of live attenuated Aeromonas hydrophila screened by
//dx.doi.org/10.1016/j.vaccine.2016.04.075

Fig. 2. The changes of lysozyme activities in serum of fish vaccinated with vaccine
FKA and XX1LA, respectively. The values were presented with mean ± SD (n = 5).
The  symbol * represents the significant difference (P < 0.05), compared with the
corresponding lysozyme activity at 0 dpv; the symbol + represents the significant
difference (P < 0.05) in lysozyme activities between at 21 dpv and at 28 dpv.

dx.doi.org/10.1016/j.vaccine.2016.04.075
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Fig. 3. Antibody titers in the serum of the vaccinated fish at 0, 7, 14, 21, and 28 dpv.
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Fig. 4. The mRNA expressing patterns of immune-related gene IL-1ˇ, IL-10, and
IgM in liver of the vaccinated fish with the time extension. The mRNA level of each
immune-related gene was normalized to that of ˇ-actin, and the relative expressing
levels were calculated compared to the control. The values of data are presented
nti-XX1 antibody was determined by ELISA. Results are shown as log 2 antibody
iter. Data are presented as mean ± SD (n = 5). The different letters (a, b and c) above
he bars represent the significant difference between them (P < 0.05), and the same
etter represents no significant difference (P > 0.05).

.4. Antibody production in the vaccinated fish

ELISA analysis showed that serum antibodies against XX1 were
etected to be significantly higher (P < 0.05) in two vaccinated
roups than in the control from 14 to 28 dpv (Fig. 3), but the
ntibody titers between the FKA and XX1LA group indicated no
ignificance at 14 dpv. Antibody titers in fish vaccinated XX1LA
ncreased from 14 to 28 dpv, and the log 2 titer reached above 8.0 at
8 dpv, and was significantly (P < 0.05) higher than that in the FKA
roup from 21 to 28 dpv.

.5. Expressions of immune-related genes in the vaccinated C.
arpio

The expression changes of three immune-related genes in
RNA levels were examined, as shown in Fig. 4 and Fig. 5. Higher

xpression of pro-inflammatory cytokine IL-1  ̌ was  observed in
iver and spleen at 1 dpv in two vaccinated groups. The expression
evel of IL-1  ̌ in the XX1LA group increased significantly at 3 dpv in
pleen, compared with that in the FKA group. The expression levels
f IL-10 were stimulated in spleen and liver after vaccination, and
he up-regulations in the FKA and XX1LA groups mostly were at
arly periods, for example, in spleen, at 5 and 7 dpv, while in liver,
t 3 and 5 dpv in the XX1LA group, only at 5 dpv in the FKA group.
he expression levels of IgM also increased after vaccination, with
he 3-fold up-regulation in spleen and liver in the XXIRM group,
hile in FKA group, the expression of IgM was up-regulated to the
eak with about 1.5-fold in liver at 21 dpv, and with 2.5-fold in
pleen at 14 dpv.

. Discussion

In this study, a rifampicin-resistant A. hydrophila mutant,
X1LA, as a live attenuated vaccine, was screened and described.
ifampicin, a antibiotic, can kill bacteria by inhibiting RNA poly-
erase and blocking mRNA transcription [29]. It is known that

acterial virulence could be attenuated by the mutation to resis-
ance against rifampicin, which was resulted in the absence of
he O-chain in lipopolysaccharide in rifampicin-resistant strain
30]. However, the precise mechanism of virulence attenuation
s still unclear. It has been observed that bacteria acquired resis-
ance to rifampicin exhibit the reduced virulence [22]. At the
Please cite this article in press as: Jiang X, et al. Immune effects of t
rifampicin on common carp (Cyprinus carpio L). Vaccine (2016), http:/

resent, several attenuated pathogens, such as mutant Flavobac-
erium columnare and Edwardsiella ictaluri from fish, have been
creened with rifampicin. It is noted that the virulences of var-
ous bacteria are different from their respective parental strains
as  mean ± SD (n = 3). The different letters (a, b and c) above the bars represent the
significant difference between them (P < 0.05), and the same letter represents no
significant difference (P > 0.05).

[31,32]. In some researches, the live attenuated vaccine showed
the high protection and stability obtained by rifampicin [24,33]. In
this study, the virulence of XX1LA, compared to the wild type XX1,
was highly attenuated due to the drastical increase of LD50 value.
What is more, the attenuated virulence could be genetically stable
through examining both in vivo and in vitro.

In this study, The RPS in FKA group (37.2%) was much lower
than that in XX1LA group (83.7%) after C. carpio challenged by XX1.
With regard to the control, the fish almost died at 1–4 dpv. A lot of
proteins of A. Hydrophila were inactivated by formalin in FKA group
he vaccine of live attenuated Aeromonas hydrophila screened by
/dx.doi.org/10.1016/j.vaccine.2016.04.075

and in consequence the ability of FKA that could induce immune
response of fish is lower than live attenuated group. Therefore, it
was demonstrated that mutant strain XX1LA confers better protec-
tion against A. Hydrophila than FKA in C. carpio.

dx.doi.org/10.1016/j.vaccine.2016.04.075
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Fig. 5. mRNA expression levels of the immune-related gene IL-1ˇ, IL-10, and IgM
in  spleen of the vaccinated fish at different time points. The mRNA level of each
gene was normalized to that of ˇ-actin, and the relative expression levels were
calculated compared to the control. The values of data are presented as mean ± SD
(
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n  = 3). The different letters (a, b and c) above the bars represent the significant
ifference between them (P < 0.05), and the same letter represents no significant
ifference (P > 0.05).

Lysozyme widely exists in various fish, which could kill various
icrobial pathogens in fish [34–36]. In this study, the changes of

ysozyme activities showed no significant difference between the
accinated group and the control, but lysozyme activity in each
roup was gradually decreased with the extension of time. It was
uggested that vaccination might possibly inhibit lysozyme activity
n serum to some extent [37,38]. What is more, starvation might
lso be a critical factor to impact lysozyme activity [39]. Of course,
his suggestion needs to be confirmed in the further studies.
Please cite this article in press as: Jiang X, et al. Immune effects of t
rifampicin on common carp (Cyprinus carpio L). Vaccine (2016), http:/

Immunoglobulin is a critical factor in humoral immunity, which
s mainly the IgM in fish. The specific antibody tilter, as an important
mmune parameter in serum of immunized fish, has been deter-

ined in the previous studies [40]. In our present study, significant
 PRESS
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antibody levels were detected in fish vaccinated by XX1LA with a
maximum at 28 dpv. It was suggested that the XX1LA could keep
the longest in immunity [41]. Antibody levels (log 2 antibody titers)
in the vaccinated group increased slightly from 14 to 28 dpv during
the experiment period, but the tendency was not always constant
[38]. Compared to the control, antibody titers in two vaccinated
groups increased significantly after 14 dpv (P < 0.05), and indicated
the significant difference between the FKA and XX1LA group. This
result was  kept in agreement with the previous report [42]. It was
suggested that the immunogenicity of vaccine XX1LA was  higher
than that of the FKA antigen.

The immune-related genes play the important role in immune
protect, which are essential to investigate the responses of these
genes to vaccine. It has been demonstrated that the spleen is an
essential organ to generate antibody in fish [43] and the liver
is also thought to function in resisting pathogen invasion [44].
In this study, the gene IL-1ˇ, IL-10 and IgM were up-regulated
post-vaccination in different periods, which were postulated to
play the important role in immune response. IL-1�, as a typical
pro-inflammatory cytokine, is produced in several cells such as
macrophages [45], which can propel the growth and proliferation of
immune cells [46] and is believed to act as an important signal in the
early immune response. In our study, the expression of IL-1  ̌ was
up-regulated in liver and spleen at early period post-immunization.
The similar change was observed in zebrafish Danio rerio vaccinated
with live attenuated V. anguillarum [47]. It is plausible that both
the FKA and live attenuated vaccine can activate the non-specific
immune responses of present antigens and macrophages in spleen
and liver.

The role of IL-10 is considered as an anti-inflammatory cytokine
to reduce inflammation [48]. IL-10 can minimize the damage to the
host by blocking chemokine receptors and inhibiting the effect of
pro-inflammatory cytokines. Furthermore, IL-10 is considered to be
associated with the immunoglobulin provoked by B cells [49]. As
presented in our study, the expression level of IL-10 gene increased
at 3 dpv in spleen and liver in two vaccinated groups, later than IL-
1ˇ. The similar result was observed in previous studies [50]. Thus,
the up-regulation of IL-10 can maintain the balance between pro-
and anti-inflammatory.

In accordance with specific antibody titers in serum, an up-
regulation of IgM appeared in two vaccinated groups. It was found
that the expression of IgM increased gently and reached the high-
est after 3 or 4 weeks post-vaccinated in liver or spleen in FKA and
XX1LA group. It was indicated that IgM plays a key role in vaccine-
induced protection. On the contrary, some researchers argued that
IgM, as the major class of immunoglobulin, was not protective in
preventing pathogen infection, in fish [51], which was  diverse to
the findings in rohu and zebrafish [17,52]. Therefore, the further
study should be carried out to elucidate whether IgM could show
a strong response in vaccine-induced protection.

In conclusion, in this study, the live attenuated vaccine XX1LA,
derived from the pathogenic A. hydrophila strain XX1, achieved
through the screening by the treatment of rifampicin, has been
proved to be effective, as a candidate vaccine against A. hydrophila,
by the assessment on the multiple immune parameters in C. car-
pio. It was suggested that the live attenuated vaccine XX1LA could
provoke the innate and specific immune responses in fish. With
respect to the application of the live attenuated vaccine XX1LA in
aquaculture, it is still necessary to further study to ascertain the
mutation in genomic information of the live attenuated vaccine.
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