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Enterobacteriaceae 22538 (Alcaide et al., 2006) -
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AS #Ey 2.74 x 10'° ; CS #HEy 1.79 x 100« — 2K
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IgM (L PBS BB 2500 £%) » A 37°C 5535 2 hr 4%
BIEWHE > L 1 X wash solution J&¥E 3 X > FEIIA
100 pl Goat anti — Rabbit IgG » HRP conjugate (1L
PBS kg 2500 fi%) A 37°C K5 2 hr FHEIEWK
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DNA ZEHUWIA 685 bp HITHE—ERY PCR EY)
(Fig. 1) ;s Witk E.tarda HIf% 290 bp HIFEH—EHY
PCR EY) (Fig. 2) » I EREREKEET R A
hydrophila }z E.tarda - A. hydrophila 2 LDso
1.00 x 10° CFU/g fish body weight » E. tarda ;2 LDso
B 9.05 x 10* CFU/g fish body weight -

M1 2 3

1000 bp
685 bp

500 bp
M: 100 bp DNA ladder

1: Sample — A. hydrophila
(685 bp)

2: Positive control — A.
hydrophila (685 bp)

3: Negative control —
Edwardsiella tarda

Fig. 1 Gel electrophoresis of Aeromonas hydrophila
collected from dying or dead eels.

M1 2 3

500 bp : 100 bp DNA ladder

: Sample - E. tarda (290
290 bp | bo)
100 bp P

: Positive control — E.
tarda (290 bp)

: Negative control —
Aeromonas hydrophila
(685 bp)

Fig. 2  Gel electrophoresis of Edwardsiella tarda
collected from dying or dead eels.
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A H AR -

Table 1 Survival rate and relative percent survival (RPS) of Anguilla marmorata after receiving oral bacterial vaccines,

followed by intraperitoneal injection challenge with Aeromonas hydrophila (2.0 x 107 CFU/g fish body weight) at

different timepoints (in weeks)

Time (Weeks) Group Mortality Survival rate (%) RPS (%)
Control 9/10 10 -
Alginate 2/10 80 78
AS 2/10 80 78
AB 3/10 70 67
4 ASB 2/10 80 78
CAP 4/10 60 56
CS 4/10 60 56
CB 4/10 60 56
CSB 3/10 70 67
Control 10/10 0 -
Alginate 2/10 80 80
AS 1/10 90 90
AB 0/10 100 100
8 ASB 0/10 100 100
CAP 3/10 70 70
Cs 3/10 70 70
CB 2/10 80 80
CSB 1/10 90 90
Control 10/10 0 -
Alginate 3/10 70 70
AS 2/10 80 80
AB 1/10 90 90
12 ASB 0/10 100 100
CAP 4/10 60 60
CS 3/10 70 70
CB 2/10 80 80
CSB 2/10 80 80
Control 9/10 10 -
Alginate 3/10 70 67
AS 2/10 80 78
AB 2/10 80 78
16 ASB 1/10 90 89
CAP 3/10 70 67
CS 2/10 80 78
CB 2/10 80 78
CSB 2/10 80 78
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Table 2 Survival rate and relative percent survival (RPS) of Anguilla marmorata after vaccination with oral bacterial
vaccines followed by intraperitoneal injection challenge with Edwardsiella tarda (1.8 x 10° CFU/g fish body weight) at
different timepoints (in weeks)

Time (Weeks) Group Mortality Survival rate (%) RPS (%)
Control 10/10 0 -
Alginate 5/10 50 50
AS 3/10 70 70
AB 4/10 60 60
4 ASB 3/10 70 70
CAP 7/10 30 30
CS 6/10 40 40
CB 6/10 40 40
CSB 6/10 40 40
Control 10/10 0 -
Alginate 3/10 70 70
AS 2/10 80 80
AB 0/10 100 100
8 ASB 0/10 100 100
CAP 3/10 70 70
CS 3/10 70 70
CB 2/10 80 80
CSB 2/10 80 80
Control 10/10 0 -
Alginate 3/10 70 70
AS 2/10 80 80
AB 1/10 90 90
12 ASB 0/10 100 100
CAP 4/10 60 60
CS 3/10 70 70
CB 2/10 80 80
CSB 2/10 80 80
Control 10/10 0 -
Alginate 5/10 50 50
AS 3/10 70 70
AB 2/10 80 80
16 ASB 0/10 100 100
CAP 5/10 50 50
CS 4/10 60 60
CB 3/10 70 70
CSB 3/10 70 70
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Table 3 Serum antibody titer against Aeromonas hydrophila from Anguilla marmorata after oral vaccination

8 10 12 14 16

0 2 4 6
Control ~ 0.89+0.20™  0.91+0.07°"  0.95:0.05"*  0.87+0.02""
Alginate  0.89+0.20"% 1.31x0.05°* 1.35+0.20%“ 1.4320.03"

AS 0.89+0.20%  1.42%0.13*  1.50+0.07*"  1.53£0.06""
AB 0.89+0.20™  1.35+0.09%¢  1.36+0.05“¢ 1.62+0.05%¢
ASB 0.89+0.20™  1.40+0.03M  1.49+0.03"¢  1.67+0.04™
CAP 0.89+0.20M  1.27+0.04°<% 1,31£0.10°"¢ 1.40£0.04%"
CS 0.89£0.20"  1.31x0.04°°  1.42+0.03%* 1.46+0.05""
CB 0.89+0.20%  1.35+0.07°¢  1.3520.02°° 1.5520.045®

CSB 0.89+0.20™  1.31£0.11%°  1.41+0.08*" 1.54+0.02°"

0.9220.03%"  0.95£0.05™  0.90+0.01" 0.91+0.10%" 0.89+0.12°"
1.49+0.04°"  1.41+0.08”" 1.36+0.17°° 1.29%0.14°¢ 1.21x0.20%
1.60+0.31°%°  1.62+0.12°"  1.59+0.13%* 1.5120.09°" 1.43+0.23%¢
1.69+0.04"  1.73x0.09"  1.74x0.07* 1.70%0.13%" 1.68+0.14""
1.69+0.04M4  1.73+0.14™°  1.79£0.16™  1.79+0.15" 1.76x0.25"
1.42+0.06%"  1.33£0.16%™ 1.23+0.44%% 1.25+0.29°* 1,16+0.56°*
1.5120.06°"  1.48+0.35" 1.47£0.26" 1.30%£0.33°¢ 1.22+0.12%
1.59+0.07°" 1.61£0.09°*  1.62+0.18"" 1.5120.22°° 1.46+0.19%

1.63+0.06°"  1.63+0.17%  1.64+0.04 1.53+0.25 1.48+0.16°¢

Different letters (A, B, C, D, E, F, G, and H) in the same column indicate a significant difference (p<0.05) was observed.

Different letters (a, b, ¢, d, e, f, g) in the same row indicate a significant difference (p<0.05) was observed.

Table 4 Serum antibody titer against Edwardsiella tarda from Anguilla marmorata after oral vaccination

0 2 4 6

8 10 12 14 16

Control ~ 1.12£0.10*  1.15+0.02“*  1.08+0.07°"  1.00+0.07"

Alginate  1.12+0.10™  1.43+0.28"°  1.56+0.32 1.63x0.13<°*
AS 1.12+0.10M  1.3320.42"%¢  1.55+0.47* 1.59+0.04°%<
AB 1.12+0.10%  1.36+0.43"™0 1.48+0.35"°C¢ 1.7320.43"%"
ASB  1.12+0.10™  1.41£0.16™ 1.53+0.37"%¢ 1.78+0.08*¢
CAP  1.12+0.10™  1.28+0.22°¢ 1.44+0.09°“" 1.53+0.22""

CS 1.12+0.10™  1.40+0.37™  1.40+0.08“¢  1.50+0.36"

CB 1.120.10M  1.32£0.20"%¢ 1.44£0.21%¢¢ 1.68+0.17°¢

CSB 1.12+0.10M  1.40+0.18™ 1.49+0.23"% 1.72+0.15"¢

0.95+0.30%"  0.97+0.07%"  1.00+0.01"

1.72+0.29%*  1.78+0.05

1.83+0.41%  1.85+0.10%"

1.6420.11°°

1.69+0.12*

0.89+0.12""  0.97+0.07"*

1.7120.25"  1.64£0.42° 1.54+0.17°% 1.47+0.14°%% 1,30£0.05%

1.75+0.13%*  1.73+0.19" 1.65+0.17°

1.87+0.07%"  1.80£0.06*" 1.73x0.10°"

1.96+0.27*"  2.12+0.40"  2.10£0.41*  2.19+0.31*  2.20+0.06™"

1.52+0.39%"  1.47+0.51% 1.41x0.25%¢ 1.36x0.11"%

1.68+0.17°*  1.60+0.12°  1.51x0.04°¢  1.52+0.06"¢

1.76+0.10%"  1.80+0.10%* 1.77+0.06“® 1.75+0.15°" 1.69+0.10"¢

1.83+0.15%"  1.87+0.04%" 1.89+0.01%" 1.76+0.18°° 1.74+0.22°¢

Different letters (A, B, C, D, E, F, G, and H) in the same column indicate a significant difference (p<0.05) was observed.
Different letters (a, b, ¢, d, e, f, g) in the same row indicate a significant difference (p<0.05) was observed.

W

% 2019 FBREA 26 M EHEEEY - =
%A1 R ERE B R H A @ /K s i anfie: ~ e fa e
(Maetal.,2019) - figfh Ry 228 B 2 2 BHH/K A fn H.
Dl HA R RS » (B REEVIR R < B A
55 0 BOHARB A IEA B TS 81T 5 Ry i
HIBEY R bl T =0 o RIS e v B T B
R ERIKERBERRERNEEESEZ — GE,
2009; Gudding and Van Muiswinkel, 2013) - 1R J7
G TR R Tk - ARSI EE
/N (Mutoloki et al., 2015) » {HEEEHRIG & BN
PEBRIEAIREE - (R s = TR

BIE A J70 83 (Johnson and Amend, 1983;
Adams etal., 2006) - "X 0 HORGE &
AEXRETE (Joosten et al., 1997; Tobar et al.,
2014) - tHEFRIR—Z0E HAKERHE B R —
T S SRR - e A o 3 P DA e U
JERF B RIZIHEE (Yang and Jones, 2009) » A7)
ERBFZEH RS E K n H5R e y%EE )] (Huang et al.,
2021) A ARATSAN B W E DAAN A Bek B3
REMEYEOE - DRI IRBERNR T
(Pumchan et al., 2022) - fR{EEE (2012) ~ £5 (2014)
Bt (2015) FE NIZIEHIITSE » ANHIFFE 55 R
o A A B 38 St e S T
BN 2Rk 2016) DIATR LTS - F9E
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R B AET TR - PRETBR BT MR BB A -
PURRIFF I L2 S ROR s % -

ARFEAE R - B R AR L, A,
hydrophila J; E. tarda EfSE - Hixfd: RPS A
55 8 A 80% ~ 70% ;5 AR IR LR SRR
A5 8 A 70% ~ 70% - FHEGE L BFRAGER - TE
(2012) DI & me 4N FE V. alginolyticus . V.
carchariae #& ARG DEAEIT 10 15
LDso MRiakli » it RPS 3 AIZEBURES 8 3 75%
B 4 30 88.89% - £k (2015) DUREseesry Sofas —
IS £ et 3278 A hydrophila Jz E. tarda &
DA AR 5 AR G 8 i 128217 10 15 LDso Bik
B 1RSSR A RPS fASE 12 385 80%90%;
HBIE R Z A SRR S 8 I 90% J 80%
ABHFE RPS BB ANEE AR T » HEWIH (X
R ARFFEHE A 20 £5:2 LDso M T BOREFTEL -
EZE A R R R B ES 8 G - R TR
R - EHRURERL » HIERES 12
TR - R EERT RS 16 BB IR
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ABSTRACT

The present study aimed to address bacterial disease and improve the survival rate of juvenile marbled eels
(Anguilla marmorata) with the development of oral bacterial vaccines against Aeromonas hydrophila and
Edwardsiella tarda. The vaccines were developed using bacterial cells treated with formalin and encapsulated
with 3% sodium alginate or 6% cellulose acetate phthalate (CAP) and formalin-treated bacterial cells which were
sonicated for 1.5 hours and encapsulated with 5% of sodium alginate or 9% CAP. The eels’ serum antibody titer
significantly increased after oral vaccination, and results from eels intraperitoneally (i.p.) challenged with A.
hydrophila and E. tarda, respectively, showed that the highest relative percent survival was obtained at week 8 in
the one-time orally vaccinated groups. Eels administered with boosters of the same oral vaccine exhibited a higher
antibody titer that was maintained to the 12" week. Due to the higher quantity of antigen in the encapsulated
vaccine, the sonicated-antigen vaccine groups demonstrated increased vaccine efficacy compared to the untreated
groups. The results show that oral administration with encapsulated vaccine may protect bacterial antigens from

stomach acid, thereby enabling antigen-induced immune responses in the eels’ intestine.
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