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Efficacy of Vaccination for Coldwater Disease in Ayu Plecoglossus altivelis
Nobufumi MASUNARI, Youhei NanBa, Noriyuki Uk, and Eijiro KAWAHARA
Abstract

Coldwater disease is one of the most serious fish diseases in Japan and has caused high mortality of ayu
not only in farms but also in natural waters. We investigated the efficacy of formalin-killed bacterin
vaccine(FKB), water-soluble adjuvanted vaccine(S-A) and oil adjuvanted vaccine(O-A) against the coldwater
disease in ayu.

Flavobacterium psychrophilum, the causative agent of bacterial coldwater disease, was cultured with stir
in nutrient broth and then inactivated with formalin(10°CFU/ml before inactivation). FKB thus prepared
was mixed with water-soluble adjuvant (Montanide IMS 1312) or oil adjuvant (Montanide ISA 711). These
three kinds of vaccines were administered by intraperitoneal injection. The efficasy of vaccination was
tested by exposing fish to the bacteria discharged from naturaly infected ayu.

The agglutinating antibody titers of each group after vaccination was : O-A>S-A=FKB >unvaccinated
control group. The relative percent survival (RPS) after challenge was ;| O-A(81)>S-A(55)=FKB(50) >
unvaccinated control group. Even FKB group constantly showed lower mortality than control group.

Therefore, the efficacy of vaccination(especially O-A) was steady, and continued until at least 56 days after

vaccination, but some questions remained. RPS values continued decreasing day by day after the

challenge, even in O-A group(RPS : 81—56(14 days after challenge)—>28(22 days after challenge)).
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Table 1 Qutline of Experiments

Year Experiments  Vaccinatio]

Challenge test

vaccines -test number : C0*’

Infection method

1999 Exp.1 FKB.*' . 0O-A -challenge 1 : V30*' Exposure of fish to F. psychrophilum

discharged from naturally infected ayu*’

2000 Exp.2 FKB. S-A.

-challenge 1 : V24

FKB. S-A. O-A -challenge 2 : V39 ”
. S-A. O-A -challenge 3 : V56

*' FKB: formalin killed bacterin vaccine. S-A: water-soluble adjuvanted vaccine. O-A: oil adjuvanted vaccine.

*#' C: days after challenge. Challenge test was started on CO.

¥ V: days after vaccination. Vaccination was administered on VO by injection.

#' see Attached Fig.1.
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Vaccine preparation

was mixed by stirrer.

the syringes.

Culture in modified cytophaga broth (. psychorophilum was cultured with stir for 3-3.5days at 18C).
Inactivation with formalin (Add formalin up to 0.3-0.5% and stir for 24h at 18C).

*FKB vaccine (formalin-killed bacterin vaccine) : Exp.1: 3.6 X10°CFU/ml before inactivation.
Exp.2: 4.3 X10°CFU/ml before inactivation.

*S-A vaccine (water-soluble adjuvanted vaccine) : The water-soluble adjuvant Montanide IMS 1312
(Seppic,France) was combined with FKB vaccine in a 1:1 (v/v) ratio. The adjuvant and FKB vaccine

*O-A vaccine (oil adjuvanted vaccine) : The oil adjuvant Montanide ISA 711 (Seppic) was combined
with FKB vaccine in both 7:3 (Exp.1) and 3:1 (Exp.2) (v/v) ratio. The adjuvant and FKB vaccine was
mixed well until it become a stable emulsion, by the two-syringe/double hub needle method*. So that
a single drop of the stable emulsion would remain cohesive when floated on cold water.

*The two-syringe/double hub needle method . Load one syringe with the adjuvant. Load the other
syringe with the antigen (FKB vaccine). Connect the two syringes via a double hub emulsifying needle.
Mix the adjuvant with the antigen by forcing the materials back and forth through the needle between

Vaccination

Intraperitoneal injection ( 0.05ml of FKB, S-A or O-A vaccine per fish ).
The average body weight of fish vaccinated was 8.1g/fish (Exp.1) and 21.3g/fish (Exp.2).

Fig. 1 Vaccine preparation and Vaccination
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mortality of unvaccinated control group

RPS60 : RPS value calculated on the day when the
mortality of unvaccinated control group is 60% or over.
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Table 2 Mortality and relative percent survival (RPS) of vaccined ayu after challenge
Exp.1-challenge 1 (Challenge was started on 30 days after vaccination)

Vacci Total _V30*' Dead fish Mortality RPS60 RPS Carrier*’/survivor
accmes (fishy Co*1 2 3 4 5 6 7 8 910111213 14 (%) %) (%)
Control 22 1 8 3 411 1 2 95
21 1 55 6.2 1 95
7_7:1:4 95 . .
FKB 20 3 3 3 3 11 70
20 5 3 21 1 60
35 65 55 32
O-A 19 2 4 1 37
19 1212112 53
8 45 90 53
Temp.17.4-19.4C. ) - -
Dead fish Mortality RPS Carrier/survivor
*! v ! days after vaccination, 15 16 17 18 19 20 21 22 (%) (%)
** C ! days after challenge. Challenge test was started on CO. 95 o1
*> Carrier : After the challenge test, survivor in which 95 1711
F. €s_ychorophilum was detected in kidneys by isolate- 95 - 50%
c

" 2 1 1 1 95 01
13

tivate method (13-15C on MTYE agar).
Survivor : Fish that survived challenge test. E

' . o . 90 5 25%
** These mortalities were the criterion on which RPS60 was
calculated. 2 1 2 63 1/7
1 1 74 1/5
68 28 17%

Table 3 Mortality and relative percent survival (RPS) of vaccined ayu after challenge
Exp.2-challenge 1 (Challenge was started on 24 days after vaccination)

Vacoi Total V24 Dead fish Mortality RPS60 RPS Carrier/survivor
accines (fish) C0 T 2 3 4 35 6 7 8 SN XT3 (%) (%) (%
Control 20 1 544 31 2 100
20 1 4 76 2 100
80 100 . .
FKB 20 11 2 4 4 1 2 1 80 4/4
20 1.6 3 1 3 11 80 2/4
45 80 44 20 75%
S-A 20 1 3 415 31 1 95 1/1
40 . 9% 50 5 100%

Temp.15.9-17.9°C. ) ) ) )
Table 4 Mortality and relative percent survival (RPS) of vaccined ayu after challenge
Exp.2-challenge 2 (Challenge was started on 39 days after vaccination)

Vacci Total V39 Dead fish Mortality RPS60 RPS Carrier/survivor
accmes (fishy C0 I 2 3 4 5 6 7 8§ 9I0IT 1213 14 (%) %) (%)
Control 20 1 743 111 1 1 100
20 1 7 3 2 23 11 100
70 100 . .
FKB 20 4 21 2 2 31 1 2 90 12
35 9 50 10 50%
S-A 19 1 32421 4 1 1 100
20 4 4 11 2 41 2 95 1/1
36 98 49 2 100%
0-A 21 1 1 4 1 1 2 2 57 4/9
20 211 3 1 2 11 2 70 1/6
15 64 79 36 33%

Temp.15.2-18.0C. ] ] i ) :
Table 5 Mortality and relative percent survival (RPS) of vaccined ayu after challenge

Exp.2-challenge 3 {challenge was started on 56 days after vaccination)

Vacci Total V56 Dead fish Mortality RPS60 RPS Carrier/survivor
accnes (fishy C0 1 2 3 4 5 6 7 8 910 IT 121314 (%) (%) ()
Control 10 2 1 21 1 11 90 1/1
1 1 1 2 2 1 21 100
60 95 . . 100%
S-A 10 11 2 1 50 5/5
20 50 67 47 100%
0-A 10 1 10 4/9
10 1 11 30 477
15 20 75 79 50%

Temp.13.5-18.0C.
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Table 812773 & B Y T, O-A>0-SZFKB>3 X DI
TEdole T, 77 F Y ROPikifid#5-#56 H &
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Table 6 Days after vaccination and RPS values

ondition of
Vaccines  Experiments Cco*' 815}525&3?& e Rg? o
FKB Exp.1-challengel V30 co 55 32 5
Exp.2-challengel V24 C7 44 20 .
Exp.2-challenge2 V39 C7 50 10
Exp.2-challenge3 V56 C11 . . :
Average 50 21 5
S-A Exp.1-challenge V30 Cc9 . .
Exp.2-challengel V24 Cc7 50 5
Exp.2-challenge2 V39 Cc7 49 2
Exp.2-challenge3 V56 Cl11 67 47
Average 55 18
O-A Exp.I-challengel V30 C9 90 53 28
Exp.2-challengel V24 Cc7 . . :
Exp.2-challenge2 V39 Cc7 79 36
Exp.2-challenge3 V56 C11 75 79 .
Average 81 56 28

*! C : days after challenge. Challenge test was started on CO.

* V : days after vaccination.

* LDay60 (60% lethal day) : the day when the mortality of control group is 60% or over.

* RPS(C7-11) = RPS60.

Table 7 F.psychorophilum carriers among survivors after challenge test

Experiments Control

Vaccinated groups
FKB S-A O-A

Exp.1-challenge 1
Exp.2-challenge 1
Exp.2-challenge 2
Exp.2-challenge 3

Average (%)

Range (%)  50-100

1/2*
/0
/0

1/1

75

1/4 : 2/12

6/8 1/1 :

172 171 5/15
. 55  8/16

50 100 33
25-75 100  17-50

* number of F. psychorophilum carrier / number of survivor
carrier : survivor in which F.psychoropilum was detected in kidney
survivor : fish that survived challenge test.
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Table 8 Agglutinating antibody titers in sera of vaccinated ayu in Exp.2

Individual serum titers (1: )

Vacelgated 08 (dweeks)* V42 (6wecks) V56 (8wecks)
Comtrol 2 2222 28 2222<2 22222 2
FKB $ 8884 7 88888 8 884445
S-A § 8444 5 3232168 414 8 8 442 5
O-A 323216 8 4 14 6432321616 28 16 8 4 4 4 6

*' V: days after vaccination. Vaccine was injected on V0.

** genorhetric average.
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Attached Fig.1 Outline of challenge test with naturally infected ayu

Attached Table 1 Result of the diagnoses of Attached Table 2 Ingredients of MCP and MTYE medium
coldwater disease in dead fish during challenge test -
Ingredients MCP broth  MTYE agar
Ulceration**  F.pcychrophirum® T :
rypton(Difco) 2.0g 2.0g
Challenge tests + +~t++ Yeast extract(Difco) 0.5g 0.5g
Lab-Lemco Powder(Oxoid) 0.2g -
Exp.1 (CO-14)*! 64% 87% 11% CH;COONa- 3H:0 0.2g -
(C15-22) 84% 95% 95% CaCl:*2H:0 0.2g 0.2¢g
Exp.2-challengel 99% 75% 58% MgS0. TH-O 0.2¢ 0.8
Bacto-Agar(Difco - 13.0
-challenge2 ~ 91% 89% 84% o 1.000ml 1,000m
-challenge3 97% 95% 91% Adjust pH7.0-7.2

#' C : days after challenge. Challenge test was started on CO. MCP: modified Cytophaga. MTYE: modified TYE.

** Ulceration on body surface.
# Fpeychrophirum was isolated from kidney on MTYE agar.
+ : isolated.
++ : isolated dominantly more than 10 colonies at least.




