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Abstract
Efficacy of active immunization against Aeromonas hydrophila was assessed in Persian sturgeon
(Acipenser persicus) of 3-4 g body weight using  three different antigens consisting of  heat-killed
cells (HKC), extracellular products (ECP) and crude lipopolysaccharide (LPS). Full protection
was achieved in fish dip-immunized with HKC antigen plus booster on weeks 2 and 4 post-
immunization compared with lower protection for the immunized group without booster vac-
cine (P<0.5-0.05). Also, a complete protection was obtained in groups intraperitoneally immu-
nized with LPS and ECP antigens 4 week post-immunization compared with lower protection
for the group intraperitoneally immunized with HKC antigen (P<0.05).

Introduction
Despite the extensive information about vac-
cination and immune response of teleost fish
such as salmonids, minimum data are avail-
able on Acipenserids immunity. The recent
expansion of sturgeon aquaculture has been
accompanied by the identification of a
number of bacterial and viral infections (e.g.
Hedrick et al., 1985, Vuillaume et al., 1986,
Adkison et al.,1988, Hedrick et al., 1990; 1991,
Brun et al.,1991, Watson et al., 1995). In north
Iran a motile Aeromonas septicemia caused by
Aeromonas hydrophila has frequently occurred
in Persian sturgeon (A. persicus) causing con-
siderable losses in fingerlings (Soltani and
Rabani,1999). In a previous study ( Soltani et

al., 1999) the humoral immune response of this
species to A. hydrophila antigens consisting of
heat-killed cells (HKC), formalin-killed cells

(FKC), extracellular products (ECP) and li-
popolysaccharide (LPS) was evaluated. The
aim of the present study was to evaluate the
efficacy of these antigens in this species of
sturgeon in order to assess the fish immune
protection level to A. hydrophila septicemia.

Materials and Methods
Fish
A. persicus of 3-4 g body weight were used.
These fish were the produced in the Sh. Rajaii
Fish Propagation Centre in Mazandaran prov-
ince, Iran. Fish were maintained at 22°C in
aerated 2000 L fiberglass tanks. Water ex-
changes were 100% (water flow) daily and
dissolved oxygen, total ammonia and pH
were measured daily. Fish were fed 3-4% body
weight 4-6 times daily with live feed such as
Gamarus and Artemia.
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Antigen preparation
An A. hydrophila lyophilised culture (AH-04)
isolated from affected A. persicus showing  a
clinical haemorrhagic septicaemia in north
Iran, was cultured on tryptone soy agar (TSA)
three times before antigen preparation. HKC
and ECP antigens were prepared as described
by Baxa et al. (1988). The isolate was grown in
tryptone soy broth (TSB) static culture at 25°C
for 48 hours. HKC antigen was obtained by
centrifugation of harvesting cells at 5000 x g
for 15 minutes, washing three times with ster-
ile phosphate buffer (PBS) and then heat-in-
activated in a water bath at 60°C for 40 min-
utes. ECP antigen was prepared by centrifu-
gation of the TSB culture at 7000 x g for 30
minutes and the supernatant was concen-
trated by precipitation with ammonium
sulfate at 560g/L, and allowed to settle for 5
hour at 4°C. After centrifugation at 12000 x g
for 30 minutes, the precipitate was suspended
in PBS, dialyzed overnight at 5°C  against PBS
and stored at –80°C until used. Crude LPS was
prepared by the hot phenol-water extraction
procedure described by Westphal and Jan
(1964). Fifty gram (wet weight) of the har-
vested cells were suspended in 200mL of wa-
ter at 68°C.  An equal volume of 90% phenol
preheated to 68°C was added with vigorous
stirring and the mixture kept at 68°C for 10
minutes. The mixture was then cooled to 10°C
in an ice bath and the emulsion centrifuged
at 3000 x g for 30 minutes. The water phase
was removed, and phenol layer and insolu-
ble residue were extracted with 200mL of hot
water as mentioned above. The combined
water extracts were dialyzed for 3 days
against distilled water to remove phenol and

low molecular weight substances. The solu-
tion containing the LPS was concentrated with
ultracentrifugation at 40000 x g for 3 hours
and was then kept at –80°C until used.

Determination of LC50 and LD50

A. persicus of 3-4gr b.w. were used to deter-
mined LD50 and LC50 of A. hydrophila. The bac-
terial cells from a 48 hour culture were first
harvested into sterile PBS and washed 3 times
in sterile PBS with centrifugation at 4000 x g
for 15 minutes. Serial ten fold dilutions of the
cells were then prepared into sterile PBS and
total cell counts was determined using a
haematocytometer slide. Before use, suspen-
sions were checked microscopically by Gram
stain and for purity by subculture on TSA..

Determination of LD50- Two replicates of 10
fish per concentration were intraperitoneally
injected with the bacterium at 101, 102, 103, 104,
105, 106, 107 and 108 cells/fish at 20°C after
anesthetization by MS222 (40mg/L) and they
were then kept separately in 60L aquaria with
clean water at 20°C with aeration for over 10
days. Control groups were I.P. injected with
0.1ml/fish of sterile PBS and were kept sepa-
rately.

Determination of LC50- The LC50 was deter-
mined by bath immersion of two replicates
of 10 fish per concentration of the bacterium
at rates 105, 106, 107 and 108 cells/ml at 20°C
with aeration for one hour and kept in 60L
aquaria with clean water at 20°C for 10 days.
Control groups were exposed to appropriate
PBS dilutions and were kept separately. LD50

and LC50 were calculated using the method
described by Reed and Muench (1938) with
consideration of Koch,s postulate.
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Immunisation  routes
HKC antigen
Intraperitoneal (I.P) immunization
One hundred and fifty A. persicus were I.P.
injected using HKC antigen (3.4x105 cells/
fish) at 20°C. Fish received the booster vac-
cine 2 weeks post-immunization. The same
number were used as the control group but
injected using sterile PBS (0.1ml/fish) and
were kept separately.

Dip immunization
Four hundred A. persicus were dip immunized
using HKC antigen (2x107 cells/ml) at 20 °C
for 5 minutes. Fish were then transferred to
their previous tank providing suitable water
quality conditions. Two hundred of these fish
received the booster vaccine 2 weeks post-
immunisation and were then kept separately.
Two hundred A. perisicus were dip immersed
in PBS as the control.

LPS antigen
One hundred and twenty  A. persicus were I.P.
injected using crude LPS antigen (200 µg/fish)
at 20°C and the same numbers injected with
sterile PBS were used as the control group.

ECP antigen
One hundred and twenty  A. persicus were I.P.
injected using ECP antigen (150µg /fish) at
20°C. An equal number were injected with
sterile PBS as a control.

Challenge routes
To evaluate the efficacy of the vaccines, 15
vaccinated fish in 2 replicates were challenged
with A. hydrophila  at the pre-determined LC50

and LD50 at weekly intervals and the relative
percentage survival (RPS) was recorded for
each group using the method described by
Ellis (1988). The efficacies of vaccines were
then compared using randomized complete
block design and least significant differences.

Results
LD50 and LC50

Using bath immersion method the bacterium
was able to cause a LC50 of 2.5x107 cells/ml
about 4 days post-challenge Also, a LD50 of
2x106 cells/fish was achieved using I.P route
72 hours post-challenge. Clinically, the af-
fected/moribund fish were lethargic imbal-
ance in swimming behaviour and showing
darkened body with haemorrhagic spots on
the integumental surfaces. A generalized
haemorrhage was also observable in the in-
ternal organs as well as an accumulation of
fluid in abdominal cavity.

Efficacy of antigens
Results of vaccination efficiency  are shown
in Figures 1 and 2. Full protection (RPS =
100%) was achieved in fish dip-immunized
with HKC antigen plus booster on weeks 2
and 4 post-immunization compared with
lower protection  (RSP value of 66.5-91%) for
the immunized group without booster vac-
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Figure 1. Relative percentage survival of Acipenser
persicus dip-immunized with HKC antigen of
Aeromonas  hydrophila at 20°C.
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cine (P<0.5-0.05) )(Fig. 1). However, the lev-
els of RPS for bath groups were significantly
decreased on the following weeks post-immu-
nization with the RPS levels of 35.1% in group
receiving booster vaccine and 27.9% in group
without booster, 8 weeks post-immunization
(P>0.1)(Fig. 1). Maximum RPS value of 100%
was achieved in groups I.P immunised with
LPS and ECP antigens 4 week post-immuni-
zation compared with 84.5% for the I.P im-
munized group with HKC antigen
(P<0.05)(Fig.2). On the following weeks post-
immunization, however, the RPS considerably
decreased and were identical for all three
groups with minimum RPS of 11.2% on week
8 post-vaccination (Fig.2).

Discussion
Review of the available literature shows mini-
mum data on the evaluation of  immune re-
sponse of sturgeon A. persicus. In this study
the immunization effects of HKC, LPS and
ECP antigens which were administered
intraperitoneally in A. persicus were com-
pared. Four weeks after vaccination, the dip-
immunized fish with HKC antigen plus
booster were fully protected, while lower pro-
tection was obtained in the dip-immunized
group without receiving booster vaccine.
However, dip administration of whole cell
antigen (HKC) generally resulted in more pro-
tection level than I.P immunization of either
insoluble (HKC)  or soluble (LPS and ECP)
antigens.  Baba et al. (1988) in their study dem-
onstrated more protection level for soluble
antigen (LPS) of A. hydrophila in common carp.
Although it is very difficult to compare, these
results with other data e.g. Baba et al. (1988)
because of differences in fish species, size,

water quality and antigen preparation, lower
protection level for soluble antigens (LPS and
CEP) as well as I.P. administration of insolu-
ble antigen (HKC) was probably due to high
stress at the time of vaccine injection espe-
cially in fish of small size. The consequence
of such stress may have diminished the fish
immune response. However, in our previous
work (Soltani et al. 1999) the fish humoral
immune response to these antigens resulted
in higher antibody levels in the group immu-
nized with HKC antigen (1:2560) than insolu-
ble antigens of LPS (1:1280) and ECP (1:960).

The levels of protection in all fish groups
which received booster vaccine was slightly
higher than the immunized groups without
booster. However, these differences of protec-
tion were not significant (P>0.05).

On the Iranian coast of the Caspian Sea, more
than 30 millions of sturgeon fingerlings,
mainly A. pericicus, are produced and released
into the sea each year (Iranian National Plan
for Protection of Natural Resources of
Acipenseridae in Caspian Sea). It is obvious
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Figure 2. Relative percentage survival of Acipenser
persicus intraperitoneally immunized with HKC,
LPS and ECP antigens of Aeromonas  hydrophila at
20°C.



Bull. Eur. Ass. Fish Pathol., 21(6) 2001,  239

that such fish encounter stress during and af-
ter release into the sea, making them more
susceptible to secondary infections such as A.

hydrophila which is a common potential patho-
gen of A. persicus. Although results obtained
in this study need more verification, it seems
A. persicus is a suitable candidate for immu-
nization against motile Aeromonas septiceamia
caused by A. hydrophila. The present results
indicate that it is feasible to enhance the pro-
tection level of this species of sturgeon to
Aeromonas hydrophila septicaemia by dip im-
mersion of whole cell antigen two weeks prior
releasing fish to the sea. However, because of
the bacterium’s antigenic heterogenicity, it
may be necessary to use a polyvalent vaccine
consisting of the different virulent strains of
the bacterium recovered from the region.
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