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Rapid Method for Detection of Bacterial KidneyjDisease of
Salmonid (BKD) by Coagglutination of Antibody
Sensitized Protein A-Containing Staphylococci*!

Takahisa KIMURA*? and Mamoru YosgiMizo*®

The application of a coagglutination test using staphylococci specifically sensitized with anti-
body against the bacterium causing bacterial kidney disease to the diagnosis of this disease in salmo-
nids was studied. This method proved to be a simple, rapid and teliable diagnostic test suitable
for use in the laboratory or field, and requires no special apparatus. It was found to be highly
specific and more sensitive than the immunodiffusion test. In a study of 758 fish {rom 24 farms
suspected in outbreaks of bacterial kidney disease the rate of detection of the disease with the coag-
glutination test was as high or higher than the rates obtained by Gram staining or clinical examina-
tion,

The procedure of this method is summarized as follows:

1) Kidney sample fror diseased fish is homogenized with four to nine velumes of PBS, and

heated in & boiling water bath for 30 min.

2) ‘The supernatant is collected after centrifugation at 4000 rpm for 20 min. This may be

omitted if a centrifuge is unavailable,

3 One drop of the supernatant and one drop of anti-BKD antibodysensitized staphylococci

suspension are mixed on a glass slide and incubated at room temperature,

after 30, 60 and 120 min,

The stide is examined

4) If positive coagglutination is observed, the infected fish should be examined microscopi-

cally to confirm the diagnostic results.
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{#5 Sraphylococcus aurens Protein A 59 Staphy-
locaccus aurens » 1.7, EDWARD and Larson 733 #17
EEM L, ATCC 12598 (Cowan 1) Bei B LIz,

HRAWMF AFHS L EFDL CREERAFTR
BY) A bok% 50l BED o5 (1 AKD-
3, ¥ OKD-3, %, EFDL-1, # EFDL-2), HFEHO
i A. salmonicida &+ F [1# ({ Ar-3) 7o BN

Table 1, List of the strain employed
Aeromonas hydrophila 1AM 1018
Aeromonas punctala TIAM 1646
Aeremonas liquefaciens EFDL
Aeromonay salmonicida

(Ar-D)* ATCC 14174
Aeromonas salmonicida NCMB 833
Vibrio metschnikovii IAM 1039
Vibrio tyrogenes IAM 1080
Vibrio piscium var, japonics TUF
Vibrio anguillorum NCMB 6
Vibrie anguillarum NCMB 828
Vibrio anguillarum NCMB 809
Vibrig anguillaram (KAY-2)¥
BKD bacterium strain (Hobe (0-1)*

BKD bacierium strain Erimo

Escherichia coli O-6

Psendomonas fluorescens EFDL
Micrococcus lysodeikticus

Bacillus subrilis NRRL 558

“  These were used as antigens for antiserum preparation,

anguillarum 24 F@lE (O KAY-2) %, 24HEnR
B LTRER Y ¥ ofe B3 L,

BERE HREE L AREShE S e 4
WD, BABEEO TG 14 EiL I L7 Table
1wz aed 18 @le 3 L, BAoAie X 0By
B THESNC L,

#EA Table 2 7R3 BKD o 4Ex#R it
BRELIEFACHL L REETHISEsxo
MR L LTI R BT B TRE o g
et 17 B RRct L, hRk—Bofdaes
Bt a7 200 wfFE0HER L, i
EELOWRRILL DR THRR~2HE T L 0 FRE
Eo Bk A FRoEREl Shicb o2 HE L
too

ge{L staphylococel OEME %58k staphylococel
O IAMIE Epwarp and Larson OGP ICROTH
g Tk Staphylococcus aurens ATCC 12598 $:
BrN)TF s —RARY L 7T ~ATLIE (18~24hr) ¥
Hi, £ (4000 rpm, 20 min) L7-Z{k%, PBS 5
EHEEH LT 5% A a7 AFe F (in PBS) KBEHL,
25°C ¢ 3pERIBE, XooC PBS CCEIE 5 EEHE,
PBS ¢ 10% (v} 7B k5 BB AFEEL, 80°C
1 RSB, PBS T3 b 3 B, B
PBS T 10X (v/v) L ix % X 5 BEHE LEENL staphylo-
cocci i,

FOGEE (T staphylecocel OF%E ridog ik
staphylococei BE®iE 1.0m! wHIME Ol ml ik,
£ \ﬁu L?‘uﬁ 25°C ~ 33# 1&.’:—*’@1»-0 ':‘Dﬂﬁﬂ K
SECFE CESCER, K TEESLGE G°C, 400
rpm, 60 min) FAT AT, Ly PES © 055
(wv) 7S X 5EMEE L, ME staphylococei SR
A,

HSERFHOBENE HFAENFOREELFE 1L
TTin < ©, $EEE 18 #4 Table 3 T HEROET
V2 25°C 48 B 9e kv BKD BRI o\ Tk Table 4

Cultured cell, 25°C for 48 hr.

1 (or 15°C for 3 weeks)
Suspend with 9 volume {w/v) of PBS

} {or 99 volume)
Heat at 100°C for 30 min.

{ .
Centrifuge at 4[}00|rpm for 20 min.

]
Supernatant I
Antigen: Antigen:
Heat extract Heated cell
of organism suspension
of organism
Fig. 1. Preparation of antigens.
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Tabte 2. List of the fish employed

Sampling Number of fish
Fish Species of fish
Place Date Employed No.
Chitose Hokkaido 1977 22 1- 22 kokanee saimon™*!
Erimo Hokkaido 1977 7 23- 29 chinook salmon*?
Takamatsu Kagawa 1977 5 30- 34 coho  salmon*®
Furubira Hokkaido 1977 20 35- 54 rainbow trout*
Sarabetsu Hokkaido 1977 9 55— 43 kokanee salmon
Oiobe Hokkaido 1977 21 64— B4 masu  salmon®™
Fujinomiya Shizuoka Aupg. 77 20 85-104 coho salmon
Nakagawa Tochigi Aup. 77 ki 105-111 coho salmon
Koide Miigata Dec. 77 5 112-116 cobo salmon
Maebashi Gunma Oct. ‘78 2 117-118 coho  salmon
Fuji Shizuoka Jan. '79 10 119-128 rainhow trout
Fuji $hizuoka May 19 n 129-149 amago s
Koide Niigata June 79 5 150-154 cocho  salmon
Otobe Hokkaido June 79 22 155-176 masu  salmon
Miyako-M Iwate June 79 36 177-212 coho salmon
Otuti Iwate July 79 5 213-217 coho salmon
Hamapaka Hokkaido Aug. 79 15 218-232 choo salmon
Otobe Hokkaido Sep. 79 10 233-242 masu  salmon
Koide Niigata Oct. 79 153 243-395 coho  salmon
Fujinomiya Shizucka Qct. 79 66 396-461 coho salmon
Otobe Hokkaido Dec. 79 38 462-499 mastt  salmon
Kaida Nagano Dec, 79 3 500-502 coho salmon
Otuti Iwate May ‘80 5 503-507 coho  salmon
Koide Niigata May ‘80 5 508-512 masu  salmon
Kukizaki Ibaragi June 80 20 513-532 coho salmoty
Mori Hokkaido hme 80 22 533-554 masu  salmon
Koide Niigata June 8Q 43 555-597 masu  salmon
Urasa Niigata June 80 24 398-621 masu  salmon
Shikishima Yamanashi June 80 10 622-632 kokanee salmon
Hamanaka Hokkaido July  °80 26 632-657 coho  salmon
Otuti Iwate Tty 80 5 658662 coho salmon
Namerikawa Toyama July 80 2 663-664 ¢oho salmon
Hamanaka Hokkaido Aug. 80 15 556-679 coho salmon
Globe Hokkaido Sep. 80 7 680-686 masu  salmon
Miyako Iwate Oct, ‘80 5 687-691 e¢oho  salmon
Matsuo Twate Oct. 'R0 47 692-738 chum  salmon*’
Nikko Tochigi Oct, 80 3 739741 coho salmon
Shakotan Hokkaido Nov. ‘80 6 742-747 masy  salmon
Nikko Tochigi Dec. 80 11 748-758 coho salmon
Moari Hokkaido 1977 17 759-776 masu  salmon
1 Oncorhppchus perka.  *t Q. schawyrscha.
*8 0. kisutch, %4 Salmo gafvdneri.
¥5 (. masou. *& O, phodurus.
10, keta.
TFable 4. Composition of the modified MuLLER-
Table 3. Composition of the medium used Hinrton agar used for BKD organism
Proteose peptone Mo. 3 100g Beef, Infusion fram 300 g
Beef extract 3.0g Casamino acids 17.5g
NaCl 5.0g SAfarch 1.5g
Ly gar 17.0g
A(NaC] for Vibrio) (ig g g} Cystein-HCI 10e
Bar Ve Fetal bovine serum 200 m/
___._ Distilled water 1000wl Distilled water 800 m/

__Adjusted to pH 7.5 ) o Adjusted to pH T e 70
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EARLAHE 2 2~ F- e v b v EE o T 15°C 3
B BREEETEL, TO0fFED PBS (wv) %l
AEEWAERN L, 100°C, 30 s, BOOoEL
T oo By InBdhH iR, WL HEo 109
{w/v} PBS BB MSTEBEIE - L,

H#RAOCERBULAROEEE HRAOBEMLR
B (FAsS4ms BKD BRRL el LRI hD)
OFBUTINSEEH Y bR ok, ThbLBEOERY
R ERt 45850 XS EED PBS ANk,
100°C = 30 SrREmEEE.O 3 (4000 rpm, 20 min) L
TE Ll EEWS SRR L,

Fe#2{t staphylococei QIGREEOIE fitog
FE{k staphylococci FEEEE 10l CHmiE s LT
#it BKD bacteriom strain Otobe (37 OKD-3), #t 4.
salmonicida (BT Ar-3) R X OH V. anguillarum ($7
KAY-D) o4 ¥iifsd, $0RELTERYY ¥
FLAFRONET 25°C 3K ®, Bh
EELTE LT U R e R O AR R B X
THERDOIBTERBREL AV CEEC L v BER
FRBEL, BFNOBERT L O Er o TRk
staphylococel OHFLHR FEES HEE L,

Coagglutination test OFHE  Fb o Hiko X b
Lkl staphylococei BETEHE 0.05 mi & BEIAH:
B 000wl B F 32 e TRS L, BEATR
ERT 30 4, 60 4, 120 HHAEE L, coagglutina-
tion DFEEL FRA: LU ERA B (< 10) TR

120 Tok T OEEOFIRIL Fig. 2 mm LIz,

0.05 m! of antigen  0.05 m! of sensitized

| staphylococel suspension

I+Mixed in depression slide«
Stand at 25°C in moist chamber

Observe the result with micrascope (10}
after 30, 60, 120 min

Fig. 2. Flow chart outlinine the coagglutination

FROGERIGE FARBRBEIEIEED i st
Foe=—Rllol, Thibh 15% 2% PBS 5
WEAFAFro2 k) Vmm oESTED, <
F v~ TAvE UTHI: TRO 5 bRBRHE, dui
CHUME R SR L, BREcS 5 C el
FiEsdiof, fTHL I RRYET, HRoRE
LR oBR RS L, '

¥ 2=

(L staphylococel QEARNE FHAOFIETH
B b Rk staphylococel @ AW FiE % £ BKD
strain Otobe (7 OKD-3), 5L 4. safmonicida (3 Ar-3)
T L V. angeilflarum (BT KAY-2) o4 HiEco
TEBEE LS Table 5 isRdige T, SR Le
4 BKD i, ¥ A selmoricida g s X045 V. oan-
guillarum MERCTTEL staphylococe] BMBELORK
BT, 3 BKD MiF 4 XU A, selmonicida [(# T
969~984% =1 V. angudllorum fEET L 75.0%
LEDBERESES L, ko A ETEEELE
staphylocooci 12316 st SR RENC L BET B
PEETDC i EER R,

5 FEOE{F staphylococct T & BFF coagghitination
test P& LU BEKD (ff AKD-3, # OKD-3,
i EFDL-2), 81, 4. salmonicida %5 X UL lf’.angui{lamm
iy, WL LCIEE Yy ¥ iRy TR
Lo staphylococel &g v ERANET 5 Wk oinAhat
Tk X OB TR R % 7R cosgglutina-
tion test 55 EIL Table 6 7 64T Fis. 3~Fig, 6 LR
FTLRNT, AEEERRIE OB A LEREEEE
TFH—RIZKE L, RiGLESHTHY, MEMEHAE
TR TR D & < FUGC $ A BV B e B 5
MG biviedt, FEHTER LD REROERIRDD
, FRFROFMB-CEFE L7: staphylococe FIRG
TARF L O BRUTEIR Ul MRS e ¢
LB+ TEEnify R L,

test, HfE staphylococed DREBEREN ShHOMF da-
Table 5. Antibody binding ability of stabilized staphylococct
o Agglutinin titer of antiserum -
Antiserum before and after absorption Percent ggﬁé‘é‘b(’dy
7 with staphylocoeci B
. Before After
Anti-Aeromonas salmonicida
ATCC 14174 25,600 400 9%.4
Anti-BKD bacterinm*
strain Otobe (0-1) 1,600 50 96.9
Anti-Vibrio anguillarum a o
strain KAY-2 400 100 75.0

* Kidney discase bacterium; Renibacterium salmoninarim.

S
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Fig. 3. Coagglutination reaction patterns ob-
tained with heated cell suspension of BKD
bacterium strain Erimo, using a staphylococcal
suspension coupled with anti-BKD serum,
AKD-3 (3). The same cell suspension did not
agglutinate with normal rabbit serum binded
staphylococci (4), and neither staphylococcal
suspension agglutinated with PBS (1,2).

Fig. 4. Coagglutination reaction patterns ob-
tained with heat extracted antigen of BKD
bacterium strain Erimo, using a staphylococcal
suspension coupled with anti-BKD serum,
AKD-3 (3). The same extracted antigen did
not agglutinate with normal rabbit serum
binded staphylococci (4), and neither staphylo-
coccal suspension agglutinated with PBS (1,2).

Fig. 5. Coagglutination reaction patterns ob-
tained with heated cell suspension of Aero-
monas salmonicida ATCC 14174 (Ar-3), using
a staphylococcal suspension coupled with anti-
A. salmonicida ATCC 14174 serum (3). The
same cell suspension did not agglutinate with
normal rabbit serum binded staphylococci (4),
and neither staphylococcal suspension ag-
glutinated with PBS (1, 2).

phylococei o RIS RMEIZDOWT, X5z Table 1 12
RUIHAED s HEA AT coagglutination
test #7071 4ERi1T Table 7 i&A bR BN T, WTF
hOBELHIET 5 AEOHRRELE DZRIE L, B
RMMEZE xR, coagglutination test AiEHFZETICIG
Rl = & B S hic,

ARREERIGHMOBE Table 2 128 LM
D bLFFERRIC S\ W THEFD £ 2 =2 BKD #
B (No. 19), BEFBTHEHIDO~A/ 245 BKD
A (No. 29) %L URBE LTHXBCTHEHRDE
B¥~~ 17 B (No. 756~773) 122\ TR D indhdh

Fig. 6. Coagglutination reaction patterns ob-
tained with heat extracted antigen of Aero-
monas salmonicida ATCC 14174 (Ar-3), using
a staphylococcal suspension coupled with anti-
A. salmonicida ATCC 14174 serum (3). The
same extracted antigen did not agglutinate
with normal rabbit serum binded staphylococci
(4), and neither staphylococcal suspension
agglutinated with PBS (1, 2).

HWHEYHE L, Toff2FRETthbbRELYE A
CE % t-HR L 1 BKD B&{F staphylococci & DK IGHE
DB B2 Lok 1312 Table 8 iRz T T, W
ThIMBEEENE VAT 30 40K THE:
coagglutination 23R® Hilz, PMREENETT 5T
oh, BHUEREYES F TORBRED L EAIEER
Hiens, R LcREERR 0B L RICH % 2 Rl %
CHETS LFABIED 5%x2°8~28 FFHR E CORER
THHLNZBHEOBRMABD b, ELNRELT
LRERBEELDNIEFIFHO ¥ <~ 17T BOBRINE
HHG R A LY, WThoSEbBEE KR Y T
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Table 6. Cross coagglutination tests using staphylococci sensitized with antibody specific for each

of three bacterial pathogens and antigens prepared from cells of these organisms

Bacterial antigen used**

Antisera used to sensitize staphylococci

as heat treated cell Anti-BKD bacterinm Anti- Anti- Control**

SuUSpPension Aeromonas  Vibrio
EFDL-2%2 AKD-3* OKD-3** salmonicida anguillorum
ATCC 14174  KAY-2

BKD bacteriura strain Otobe BN + -+ —# — _
BKD bacterium strain Erimo + - + _ - _
Aeromonas salmonicida

ATCC 14174 — — — +~ _ _
Yibrio anguillarum

strain KAY-2 — — — - o _

*1

*2

"4
#5
g

Hegted in PBS at 100°C for 30 min. After ceotrifugiag the pellet resuspended in PBS was the c2ll suspensicn antigen.
Supernatant fluid was the heat extract antigen, All test were conducted with each type of antigen and resuits were identical
in each cas .

Antiserum pravided by Mational Fisherics Center, Lectown W, Va, US.A.

Antiserum against strain Marima,

Antiserum against strain Qtobe.

MNormal rabbit serum.

+ indicates a pasitive agglutination reaction; — indicates 4 nagative reaction,

Table 7. Specificity of coagglutination tests using staphylococei sensitized with antibody specific

for each of three bacterial pathogens

Bacterial antigen used*!

BKI bacterium strain Erimo 4*8

BKI} bacterium strain Otobe

BKD bacterium strain Niigata

BKD bacterium strain Shizaoka

BRI bacterjum strain Mivako

Aeromonas hydrophila TAM 1018
. punctata JAM 1646 —
. fiquefaciens EFDL -
. salmonicida NCMB 833 — - -
. salmonicida NCMB 1102 - - -
. salmonicida ATCC 14174 - — —
. salmonicida subsp.

[N N N N N

Antisera used to sensitize staphylococei

Anti-BKD bacterium Anti- Anti- Control**
Aeromonas Vibria
EFDL-2*% AKD-3** QKD-3* salmonicida anguillarum

ATCC 14174 KAY-2

*x8

[ S
P+ 4+ 4 4+
P4+ + ++

i
}
|
!
|

1
|

4
|
!

mascucida NCMB 2020 - - - . - -
Yibrio metschnilkovii TAM 1039 - — — — —_ —

V. tyrogenes IAM 1080 - - - -
V. piscium var, japorics TUF - - - -
V. anguillarum NCMB 6 — - - -
V. anguillarion NCMB 828 - — — -
V. anguillarum NCMB 829 - — — -
V. anguillarum KAY-2 — — — -
Escherichia coli O-6 — — - -

!

oA+
|

:

Psendomonas fuorescens EFPL — - —_ — -
Micrococeus lysodeikticus Wi 2 — - — —_ — —
Bacillus subtilis NRRL 558 — — — — — —

x1
*2
*3
*4
*5
L2 1

Heat extracted antigen by PBS at 100°C for 30 min.

Antiserum provided by National Fisheries Center, Leetown 'W. Va, US A.
Antiserum against strain Marimo.

Antiserizm against strain Otobe.

Narmal rabbit serum,

-+ indicates a positive agglutinatian reaction; — indicates a negative reaction.
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Table 8. Effects of concentration of antigen and the time of reaction on the cozgglutination test
for detection of BKD antigen in heat extract of affected salmon kidney

Antisera used to sensitize staphylococei

Fish Source  Concentration
specimens of of Anti-BKD bacterjum Contro}*®
specimens antigen = —
{batchery) EFDL-2* AKD.3*2
Reaction time Reaction time Reaction time
(min) (min} (min)

30 60 120 30 60 120 30 60 120
" Kokanee** Chitose 2= ¥ “+ + + -+ —* -
saimon 22 + 4+ + o+ + - - -
No. 19 2-# + + -+ + - + — — —_
244 -+ + - - -+ + e - -
25 + + - + + + - - -
271 - - + — — + — - -
Kokanes**  Erimo 271 + + + + o+ + — - -
s2lmon 2-2 + + + -+ s + — — -
No. 29 2-® + + -+ -+ + + - - -
2-4 + + + -+ + + — — -
2-* + +- + - + + — — -~
2-8 + + - - + -+ — - -
2-t -+ o+ - 4+ 4+ - - -
2-8 — — + — — -+ — — -
Yamabe*® Mori 20 — - - — — - - - -
No. 758-776 (Control) 2-1 - - - - -
RS 2-¢ - - - — — - — — -

*t  Antiserum provided by Mational Fisheries Center, Leetown W, Va., U.5.A.

*2 Antiseruimn againgt strain Marimao.

“¥  Normal rabbit serum,

*1 Opeorhynchus nerka.

*  Oncorhynchus masou,

*E -+ indicates a positive agglutination reaction; — indicates a negative reaction.

Table 9. Comparison of sensitivity of the coagglutination and immunodiffusion tests for detection
of BKD antigen in heat extract of affected salmon kidney

Fish specimens

Concentration*!
of antigen Kokanee*? salmon Kokanee salmon Coho*? salmon Kokanee salmon
from Chitose from Erimo from Kagawa* from Sarabetsu**
hatchery** hatchery**
Immuno- Coaggluti- Immuno- Coaggluti- Immuno- Coaggluti- Immuyno- Coaggluti-
- diffusion nation  diffusion nation diffusion nation diffusion nation
Undiluted 722%8 12/22%3 7/78 7,’7“ 1/5%* 5/5%s 3/9%8 7/9%8
21 7/22 11/22 &/7 7 1/5 3/5 0/9 7/9
27t 6/22 11722 5/7 77 1/5 5/5 0/9 6/9
28 2(22 9122 3/7 7/7 0/5 5/5 0/9 6/9
i 2122 9/22 37 77 07§ 4/5 0/9 6/9
275 0/22 822 o/7 671 0/5 1s 0/9 2/9
__J"’ 0/22 22 /7 477 0/5 /5 0/9 1/9

1 Heat extracted antigen from kidney of fish randomly sampled from eack population; A 1: 5 suspension in PBS held at
100°C for 2Q min.

Onecorhynchus nevka,

*8  Oncorhpnchus kisutch.

*% Japaneas salmon hatcheries or farms.

*5  Positive specimensjnumber of specimens tested.

L]
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Table 10, Comparison of coagglutination test, clinical signs, Gram stain, and lmmunodlﬂusmn
tests for detection of bacterial kidney disease

Number of specimens with positive diagnoses

Fish Source  Date Number
specimens of of Clinical Gram  Immunediffusion Coaggltination
specimens; fish signs  stain test with test staphylococel
hatchery specimens BED anti-sera sensitized with
or farm exarnined anti-sera against
kidney disease
bacteria
AKD-3*¥ EFDL-2¥* AKD-3 EFDL-2
Kokanee salmon**  Chitose 1977 22 7 ) (3 7 9 12
Chincok salmon**  Erimo 1977 7 7 7 5 7 7 7
Coko salmon*® Kagawa 197 5 3 —.48 1 1 5 3
Rainbow trout*® Furubira 1977 20 0 0 0 — 3 —
Kokanee salmon Sarabetsu 1977 9 7 6 3 —_— 7 -_—
Masu salmon*” Otobe 1977 21 17 15 13 — 15 -
Masu salmon Mori 1977 17 0 0 0 0 0 '0
{conirol) i

*1 o Apt-BKD serum against strain Marima,
=2
*2  Dpeorhynchus rerka.
. tschawyischa,

O, Klsutch,

Salmo gairdnert,
Oncorhynchus masou.

Indicates ne data.

*4
*5
#B
*1
*4

Anti-BKD serum; provided by National Fisheries Center, Leetown, W, Ya,, US.A.
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Table 11. Dingnosis of bacterial kidney disease by the coagglutination test in natural outbreaks in

Japan, 1977-1980

Fish Source of Pate Number Number of specimens diagnosed as
specimens specimens of positive for BKD
(name of specimens
farm) Clinical Gram Coagglutination
sign stain test®!
Coho salmon*® Fujinomiya Aug. 77 20 13 18 18
Coho salmon MNakagawa Aug. 77 7 2 — 6
Coho salmon Koide Dec. 77 5 4 4 4
Coho salmon Machbashi Oct, 78 2 2 2 2
Rainbow trout™* Fusi Jan. 79 10 — —_ 7
Amago*’ Fuji Ma)’ 79 21 2 2 2
Coho salmon Koide June *79 5 4 4 4
Masu salmon*® Otobe June 79 22 11 12 12
Coho salmon Mivako-M  June 79 36 12 12 iz
Coho salmon Qtuti July °79 5 1 —— 1
Cobo salmon Hamanaka  Ang. '79 15 4 4 6
Masu salmon Otobe Sep. 79 10 7 7 8
Coho salmon Koide QOct. 79 153 21 63 76
Coho salmon Fujinomiya Oct, 79 66 5 9 16
Masu salmon Otobe Dec. 79 38 8 18 35
Coho salmon Kaida Dec. 79 k] 2 2 3
Coho salmon Otuti May 80 5 2 — 2
Masu salmon Koide May 80 5 4 4 5
Coho salmon Kukizaki June 'R0 20 0 0 k)
Masu salmon Mori June 30 22 11 —_ i3
Masu salmon Koide June ‘80 43 33 32 43
Masu salmon Urasa June 80 24 10 b 8
Kokanee salmon” Shikishima  June °80 10 4 3 9
Coho salmon Hamanaka July 8¢ 25 2 0 5
Coho salmon Otuti July 80 5 2 - 3
Coho salmon Toyama July ‘80 2 1 1 1
Coho salmon Hamanaka  Aug. '80 15 13 i3 15
Masu salmon Otobe Spe. 80 1 3 — 4
Coho salmon Miyako Oct. 80 5 2 5 5
Chum salmon*® Matsuo Oct. 80 47 24 26 34
Cohe salmon Nikko Oct, '80 3 — - 2
Masu salmon Shakotan Nov. 80 [ 2 2 2
Coho salmon Nikko Dec. 80 11 2 2 5

*1  Apti-BKD sera; AKD=3, OKD-3, EFDIL -1, or EFDL-2; used to sensitize staphylococei.

*2 Indicates no data.

*3  Oncorhynchus kisutch.
*t  Salmo gairdneri.

*5  Oncorhynchus rhodurus.
*8 O mason.

O, nerka,

*3 (. keta,

CHRHEK L 0 EFDL $5 08 BKD Mgk L0 B
FBOM A, salmonicida, W, V. anguillarem M5 X 5
BfE Lt staphylococsi & o iSRG 2 ISERE
BHE 5 L O it B & % T coagglutination test
TEhEho @& saphylocees BTz iiE L ©
SRBWLHIEA R L (Table 6), X bic o i bORE
staphylococei & flovy < -0 FURBIES L B L
TR DB o Bk EIE & o coagelutination test ¢

L EGEE Y RO TARCE T I EEORE D
DTy (Table 7), BEVRIGHEEEE S h,
Bz = @ coagglutination test @ BED 285~ DIEH
iz T BED FAOEES Sz BKD £ R+ 5
L, FTOREVHRRCI VBT EREEYRT
*TOMNMSFEEE - OMBEYRAE L, RERE
AEBART 30 FLIRO RIS CHB MR B
bh, FHERESFERZHERD (602215 500 45
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Fig. 7. Map showing the locetion of outbreakes of BKID in Japan from 1973 to 1980.

*1 Oncorhynchus maseu. *2  QOncorhynchus tschawyischa.
¥ Oncorlynchus gorbuscha. ¥ Oncorhynchus nevka.
*0  Salmp gairdneri. 3 Qncorkynchus kisutch,
¥ Qncorhynchus keta. #3 Oncorhynchus rhodurus.
Kidney tissue 0.05 m! of sensitized
{ staphylococci suspension
Homogenize with four part (w/v)
of PBS (0.03 M phosphate, 0.12 M
Nadl, 0.1 % NalM,, pH 7.2}
Heat at; 100°C, 30 min
Centrif{.\ge, 4000 rpm, 20 min
13
+
Supernatant
0.05 ml of supernatant
U ——— Y, '7<74 1111 depression slide € el

{
Stand at 25°C in moist chamber

Obgerve the result with microscope { x 10)
after 30, 60, 120 min

Fig. 8. Flow chart outlinine the coagglutination test for the detection of BK.D antigen in salmonid
fish.
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