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Edwardsiella ictaluri septicemia occurs worldwide and causes high mortality and considerable economic
damage to the catﬁsh industry especially in Vietnam and the USA. To control Edwardsiella septicemia
farmers extensively use antibiotics and various vaccination methods. Vaccination with inactivated
vaccines has come with variable efﬁcacy.
In this trial the results of an approach of controlling Edwardsiella septicemia of Tra catﬁsh
(Pangasianodon hypophthalmus) in Vietnam through vaccination via mucosal surfaces are presented. The
results show that a combination of primary vaccination by immersion with inactivated E. ictaluri
followed by an oral boost with a formulated antigen preparation induces a statistically signiﬁcant level of
protection against mortality caused by experimental infection 4 weeks post-boost. Fish immunized by
immersion only show signiﬁcantly lower level of protection but signiﬁcantly higher than the controls.
Repeated boosts result in improved duration of immunity with a relative percent survival (RPS) of 47% at
90% control mortality. The immunization procedure provides an alternative for disease control through
vaccination.
Ó 2009 Elsevier Ltd. All rights reserved.
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Infections with Edwardsiella ictaluri play a major role in catﬁsh
(Pangasianodon hypophthalmus) farming in Vietnam [2,5] and were
ﬁrst observed in the Mekong River Delta in 1999 [3]. E. ictaluri
infections are seen in USA in channel catﬁsh (Ictalurus punctatus)
and also in walking catﬁsh in Thailand [7].
Inactivated vaccines as a preventive measure to control infections with E. ictaluri have been tried in various catﬁsh species,
especially in the USA [9]. The use of inactivated vaccines (whole
cell) has not given a long-lasting immunity [15] while a live
attenuated vaccine based on an E. ictaluri strain RE-33 has elicited
a protection of short duration following one inoculation of the
vaccine [9]. Different ways of protecting the catﬁsh in Vietnam
against E. ictaluri infection using inactivated vaccines have been
tried but none have so far been successful.
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Oral delivery of vaccine antigens to ﬁsh is the preferred method
for several reasons however the limitations have been the lack of
efﬁcacy [4,6,15]. In this study we describe an oral delivery method
based on an oil-based formulation used for feed top-dressing to
control E. ictaluri infection. We report the ﬁndings from combined
immunization regimes including primary vaccination by immersion
or injection combined with oral boosting and show that repeated
oral boosts confer a moderate level of protection in immunized ﬁsh
under high challenge pressure with 90% control mortality.
1. Materials and methods
Two batches of healthy non-infected catﬁsh (P. hypophthalmus)
weighing 5–6 g and 8–10 g were used in this study. The ﬁsh were
fed twice daily to satiation. During the period of experimental
infection, the ﬁsh were not fed. The water in ﬁsh tanks was regularly checked for dissolved oxygen, NH3, pH and temperature, and
daily volume exchange was 20–30%. The water temperature was
controlled to be within the range of 25–28  C.
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Healthy, non-infected, catﬁsh were vaccinated using injection,
immersion or oral vaccination or combinations of these delivery
methods (Fig. 1). The various vaccinations and vaccination combinations and challenges were performed in 3 different experiments.
A total of about 1500 ﬁsh were used in the challenge studies.
Experiment 1 was carried out to decide the optimal challenge route.
Experiment 2 describes the combinations of primary vaccination by
immersion followed by oral boosts while Experiment 3 outlines the
injection/oral vaccination combinations.
In Experiment 2, the ﬁsh were given a primary immersion
vaccination (Group A) at Day 1 of the experiment (immersionprime) or a primary vaccination by oral delivery only (Group E, oralprime) through days 8–21 of the experiment. Group C was given
a combination of immersion followed by an oral boost (Fig. 1) and
Group F was given a second oral boost through experimental days
101–107 (Group F), 80 days after the 1st boost (Fig. 1). The ﬁrst
challenge was carried out by experimental day 48 (4 weeks post
oral boost was completed) while the second challenge was carried
out 3 weeks after the second boost was completed (experimental
day 121; Fig. 1).
In Experiment 3 ﬁsh were immunized ﬁrst with injection
vaccination and given an oral boost through days 8–21 of the
experiment (Fig. 1). Group B was given an injection vaccination
only, while a Group D was boosted once orally (Fig. 1). Challenges
were initiated at experimental days 48 and 121 as for Experiment 2.
Two types of commercial tra catﬁsh pellet feed (diameter of
2.0–2.2 mm) produced by Woosungvina Co. were fed to the ﬁsh
based on ﬁsh size.
An E. ictaluri strain VL33 isolated from diseased Tra catﬁsh from
the Vinh Long Province in June, 2007 was used for vaccination and
challenge. The bacterial strains were characterized as described [2].
Bacterial culture grown in Brain Heart Infusion (BHI) broth for 18 h
at 25–30  C were used for experimental challenge and identiﬁcation. Bacterial counts were done by spread plate on BHI agar.
Inactivation of bacteria was done by adding formalin at a ﬁnal
concentration of 0.5% (w/v) and incubation for a minimum of 24 h
at room temperature. Inactivated bacterial suspensions were stored
at þ4  C. Documentation of inactivation was performed by
spreading on BHI agar followed by incubation as described above.
1.1. Bath challenge
Fifty ﬁsh per tank in three parallel tanks per dose (4 doses total)
were challenged by pouring bacteria grown in BHI broth into water
to give a ﬁnal concentration of 5.5  103–5.5  106 colony forming

units of E. ictaluri per ml of water. Exposure to the challenge dose
lasted for 30 min. Strong aeration was supplied to the water in the
tanks during challenge. The control groups were immersed in clean
aerated water. Mortalities were monitored for 14 days.
1.2. Injection challenge
Fish were injected intraperitoneally with 0.1 ml of a bacterial
dilution at 4 different bacterial concentrations ranging from
5.5  103 to 5.5  106 colony forming units (10-fold steps) of
E. ictaluri per ml or sterile saline water for control. Mortalities were
monitored for 14 days. From both experiments moribund and
freshly dead ﬁsh were submitted for bacterial isolation from the
liver, spleen and kidney. Surviving ﬁsh at the end of monitoring
period were checked for bacterial infection.
Combined immersion/oral immunization studies (Experiment 2)
are summarized in Table 1. The groups included Group A with
immunization by immersion only (day 1) and challenge at 48 and
121 days after primary vaccination, Group C (imm-oral boost-1) with
combined immersion (day 1) and oral boost by days 8–21 and Group
F (imm-oral boost-2) boosted a second time through experimental
days 101–107. Group E (oral-prime) was given primary immunization at days 8–21 by the oral route and challenged at the two time
points (Fig. 1). Non-vaccinated control groups were included at both
challenge times.
Combined injection/oral immunization studies (Experiment 3)
included primary vaccination intraperitoneally with an inactivated,
water-based vaccine preparation at day 1 (inj-prime) while Group
D (inj-oral boost-1) was given an oral boost by days 8–21 postprime (Fig. 1). Challenge by immersion was carried out at experimental days 48 and 121 (as in Exp. 2, Fig. 1).
The immersion vaccine consisted of a sterile water-based, killed
bacterial suspension of 5.0  109 bacteria per ml. The injection
vaccine consisted of a sterile water-based, killed bacterial suspension of 3.85  109 bacteria per ml. The oral vaccine was made by
formulating the killed bacteria at a concentration of 3.85  108
bacteria per ml in an oil-emulsion followed by top-dressing on feed
pellet (see below).
Immersion vaccination was performed by immersing 1200 ﬁsh
in 2 L of vaccine diluted in 18 L (5.56  108 bacteria per ml ﬁnal
concentration) of clean water for 1 min with strong aeration (dip
vaccination). The injection vaccine (water-based) was delivered to
each ﬁsh intraperitoneally, in the midline right between the
pectoral ﬁns and the anus, with 0.1 ml of vaccine (3.85  108
bacteria per ﬁsh). Before injecting, ﬁsh were anaesthetized with

Fig. 1. The ﬁgure shows the layout and the time line of the experiments and the identiﬁcation of different vaccination groups included in the study.

N.H. Thinh et al. / Fish & Shellﬁsh Immunology 27 (2009) 773–776

775

Table 1
Trial set up for studies of efﬁcacy following single and combined immersion and oral vaccination. Group F was made up from the remaining ﬁsh of the 48 day challenge and
given a 2nd boost by days 101–107. The ﬁrst boost included a feeding period for 2 weeks while the second oral boost period lasted for 1 week.
Group

Number of
replicates

Prime immunization

1st boost

2nd boost

Challenge at day 48
(50 ﬁsh per parallel)

Challenge at day 121
(40 ﬁsh per parallel)

A

3
1
3
1
1
3
1

Immersion-prime
Immersion-prime
Immersion-prime
Immersion-prime
Immersion-prime
Oral-prime (day 8–21)
Oral-prime (day 8–21)

–
–
Oral (day 8–21)
Oral (day 8–21)
Oral (day 8–21)
–
–

–
–
–
–
Oral (day 101–107)
–
–

Yes
–
Yes
–
–
Yes
–

–
Yes
–
Yes
Yes
–
Yes

3
1

Non-vaccinated controls
Non-vaccinated controls

Yes
–

–
Yes

C
F
E
Ctrl

0.2% MS222 in the water. The oral vaccine was made by spraycoating the emulsiﬁed antigen on the outside of the pelleted feed at
2% (volume/weight). The coated pellet was then sprayed with squid
oil at 0.1% (v/w). The coated feed pellets were prepared daily and
used within 1–2 days after preparation and fed to satiation.
The immersion challenge was performed in 96 L tanks containing 70 L of clean water (Fig. 1). At the ﬁrst challenge (day 48),
40 or 50 ﬁsh (number of ﬁsh depending on the experiment, Table 1)
from each tank were transferred to a bucket containing 10 L of clean
water and then bacteria grown in BHI broth was poured into water
to given concentrations of 7.6  106 or 4.3  106 bacteria/ml of water
for Experiments 2 and 3, respectively (Table 1). Exposure to the
challenge dose lasted for 1 h. At the second challenge (121 days), the
same immersion method was applied with a concentration of
8.1  106 bacteria/ml of water for both Experiments 2 and 3. The
non-challenged controls were immersed in clean aerated water.
After challenge the ﬁsh were observed for 14 days.
Fisher’s exact test was used to analyze differences between
groups at end-point. A P-value below 0.05 was considered to
represent signiﬁcant differences between groups/treatments.

2. Results
In this experiment challenge by immersion was compared with
challenge by injection. For immersion challenge the end-point
mortality varied from 1.3% (1.15 SD) at 5.5  103 CFU/ml to 66%
(8.5 SD) at 5.5  106 CFU/ml. For the injection challenge it ranged
from 93 (1.5 SD) to 99.3% (0.6 SD) end-point mortality over the
dose range tested. Based on these results immersion challenge was
used for assessing vaccination efﬁcacy and it was considered that
the immersion dose of >106 gave sufﬁcient mortality, i.e. more than
60% control mortality.
Immersion/oral immunization studies (Experiment 2) showed
a cumulative mortality in the non-vaccinated controls of 87% by day
48 (Fig. 2). In Group A (immersion-prime) the average cumulative
mortality was 65% (3.1 S.D.) (p < 0.02), while in Group E (oralprime) average, cumulative mortality was 74%  3.5 (p > 0.1), and
in Group C (immersion-prime/oral boost-1) average cumulative
mortality was 42%  4.0, (p < 0.001), giving RPS values of 25, 15,
and 52, respectively.
At experimental day 121 the cumulative mortality in the
controls was 90% (Fig. 3). In Group A (immersion-prime) cumulative mortality was 80% (RPS ¼ 11, p ¼ 0.26), while Group E (oralprime) showed a mortality of 82% (RPS ¼ 9, p ¼ 0.388). In Group C
(immersion-prime/oral boost-1) mortality was 64% (RPS ¼ 29,
p ¼ 0.0037) while in Group F (immersion-prime/oral boost-2)
cumulative mortality was 48% (RPS ¼ 47, p ¼ 0.0001).
Vaccination by injection combined with oral boost (Experiment 3)
showed a cumulative mortality in the non-vaccinated controls of

91.7%  2.9 while Group B (injection-prime) had average cumulative
mortality of 76.7%  8.0 (p ¼ 0.115). In Group D (injection-prime/oral
boost) average cumulative mortality was 80%  2.5 (p > 0.2). At
experimental day 121 the cumulative mortality in the controls was
96%. In Group B (injection-prime) cumulative mortality was 92.5%
(RPS ¼ 3.6, p > 0.3), while Group D (injection-prime/oral boost)
showed 85% mortality (RPS ¼ 11.5, p > 0.2).
3. Discussion
The main conclusion that can be drawn from the present study
is that a combination of primary immunization by immersion and
an oral boost vaccination gives a moderate level of protection
against lethal challenge with E. ictaluri in Tra catﬁsh.
Immersion vaccination is considered a practical method for
vaccination of large number of small ﬁsh however the main
obstacle for its use has been lack of efﬁcacy [10]. Previous studies
have shown that live E. ictaluri gain access to circulation through
the gills while killed bacteria were found not to be taken up over
external surfaces at all [11]. Thus the level of protection obtained in
the immersion group (Group A) at 7 weeks post-primary vaccination is higher than would be expected while the duration of
protection attained from a single immersion is limited and no
protection was seen by 4 months post-vaccination.
In general there are few reports in the literature of successful
oral vaccination of ﬁsh and oral vaccines, in contrast to immersion
vaccines, are used to a very limited extent in aquaculture in any part
of the world [6]. Thune and coworkers [15] studied vaccination
of channel catﬁsh using immersion and or oral vaccination for

Fig. 2. Challenge performed at 48 days post-vaccination using an immersion challenge
in Groups A, C and E. The end-point in the non-vaccinated controls was 87%. In Group
A (immersion-prime) end-point mortality was 65% (p < 0.02), in Group E (oral-prime)
74% (p > 0.1), and in Group C (immersion-oral boost-1) 42% (p < 0.001). Corresponding
RPS values are 25, 15, and 52, respectively.
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Fig. 3. Immersion challenge at 121 days post-primary immunization for Groups A, C, E
and F. The end-point mortality in the controls was 90%. In Group A (immersion-prime)
end-point mortality was 80% (RPS ¼ 11, p ¼ 0.26), for Group E (oral-prime) 82%
(RPS ¼ 9, p ¼ 0.388), in Group C (immersion-oral boost-1) 64% (RPS ¼ 29, p ¼ 0.0037)
while in Group F (immersion-oral boost-2) mortality was 48% (RPS ¼ 47, p ¼ 0.0001).

E. ictaluri and their ﬁndings were ambiguous. In one ﬁeld study
a very good protection was obtained in groups of ﬁsh vaccinated
with a combination of immersion and oral delivery while in parallel
groups, no difference was found between vaccinees and controls
[15]. The studies of Thune and coworkers [15] are partly in line or
contrast with what others have found for immersion and/or oral
vaccine against E. ictaluri infection in channel catﬁsh. More
speciﬁcally, one study [12] reported that immersion and immersion
plus oral boost vaccination of channel catﬁsh with E. ictaluri
bacterin gave strong immunity. Others [14] found that a combination of immersion and oral vaccination with killed E. ictaluri in
channel catﬁsh was found non-efﬁcacious in the ﬁeld. Our ﬁndings
are based entirely on laboratory experiments and it will be necessary to document similar ﬁndings from ﬁeld studies to substantiate
our laboratory ﬁndings.
The number of ﬁsh available for challenge at the 121 day challenge did not allow us to include parallel tanks, which obviously is
preferable based on a well-known tank-effect, although it has been
found less important than previously thought [8]. The variation
between parallels tanks in Experiment 1 in the immersion and
injection challenge was in general found low for both challenge
methods. Further, in Experiment 2 at the 48 day the variation
between tanks was relatively low which would substantiate that
the results obtained at the 121 day challenge are representative of
true difference between immunization methods.
The combination of primary immunization by immersion followed by oral boosting (Group C) seems to be of importance since
a single oral immunization (Group E) is not conferring a signiﬁcant
protection. The level of protection attained by the combination of
immersion and one boost – in Group C – is reduced by experimental
day 121 (approximately 3 months post-boost) but still the protection is twice as high as in the single immunized ﬁsh and still
signiﬁcantly different from controls (p ¼ 0.0037). Interestingly,

when the ﬁsh are given a second oral boost increased protection is
obtained and almost half the ﬁsh survive at very high challenge
pressure by day 121 (2 weeks after boost); (p ¼ 0.0001).
Injection vaccination alone induces a non-signiﬁcant low level
of protection by 7 weeks post-immunization (equal to the oral
group at this time point). Further, an interesting observation is the
lack of combination effects between injection-prime and an oral
boost, in conformity with previous studies of turbot using primary
vaccination by injection and an oral boost against furunculosis [13].
It is tempting to speculate that priming via parenteral routes will
not elicit mucosa-associated immunity and thus boosting via this
route will be of no value possibly pointing towards compartmentalization of the immune system also of ﬁsh as seen in higher
vertebrates [1].
In summary, combined immersion-oral prime-boost vaccination confers relatively good protective immunity against lethal
challenge with E. ictaluri. Repeated oral boosting might be an
attractive alternative to maintain level of immunity in Tra catﬁsh
against lethal exposure to the pathogen.
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