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Rapid, Simple Serological Diagnosis of Infectious Pancreatic Necrosis
by Coagglutination Test Using Antibody-Sensitized Staphylococci

Takahisa KiMmURA, Mamoru YosHammizu and Hiromitsu YASUDA

Laboratory of Microbiology, Faculty of Fisheries, Hokkaido University,
Minato 3—1-1, Hakodate, Hokkaido 041 Japan

(Received November 11, 1983)

The specificity and rapidity of coagglutination test for the serological typing of IPNV isolated in cell
cultures or for the direct detection of IPNV antigen in fish tissues were studied.

Coagglutination tests were carried out with cell free virus antigens from selected viruses using Staphy-
lococcus aureus (Cowan 1) sensitized with anti-IPNV (Buhl) serum. Positive reactions occured only with
cell free IPNV (Buhl) antigen, and no cross reactions were observed. .

The specificity of coagglutination test for rapid (less than 2 h) serological typing of IPNV was tested
using the strains from North America, Japan and Europe. Staphylococci sensitized with anti-VR 299
serum gave positive reactions with the strains from North America and Japan (VR 299 type), but did not
combine with the strains from Europe (Sp and Ab type). Although staphylococci sensitized with anti-Sp and
Ab sera showed weak cross reactions with the strains from North America and Japan, the agglutination
pattern was clearly different.

The most important use of the coagglutination test for IPNV would be to detect specific IPNV antigen
in the internal organs of infected fish. It was found that IPNV antigen could be detected in extracts of
IPNYV infected rainbow trout (Salmo gairdneri), coho salmon (Oncorhynchus kisutch) and amago salmon
(Oncorhynchus rhodurus) tissues at relatively high sensitivity.

The results obtained in this study using the coagglutination test for the diagnosis of IPN indicate that
this rapid and simple test, which requires no special apparatus and can be performed in the field, is a valuable

addition to the diagnostic methods available for detecting this disease.

Infectious pancreatic necrosis (IPN) and in-
fectious hematopoietic necrosis (IHN) are major
disease problems for the rainbow trout culture
in Japan.. Epizootics caused by these viruses may
persist for several weeks and the cumulative
mortality may be high.

In suspected cases of viral disease it is essential
that the diagnosis i§ made quickly and accurately
so that effective control measures may be intro-
duced with a minimum of delay. Although the
clinical signs and histopathological features of
these "viral diseases may permit a presumptive
diagnosis, confirmation is required by identifica-
tion of the specific virus in the diseased tissues.
The most commonly used confirmatory method is
isolation of the virus in fish cell cultures followed
by neutralization test with specific antiserum. This
procedure often requires one to two weeks for
completion.

Several methods for the rapid diagnosis of these
diseases have been reported. These include the

fluorescent antibody test (FAT) (P1pER, NICHOLSON
and DunnN 1973, JORGENSEN 1974, Tu, SPENDLOVE
and Goepe 1975, Heprick, LeoNG and FRYER
1978, Sano and NismmMura 1981), immuno-
peroxidase staining (IP) (NicrorsoN and HENCHAL
1978, Sano and NisHiMURA 1981) and enzyme-
linked immunosorbent assay (ELISA) (INICHOLSON
and CasweLL 1982). However, most of these
methods still require virus isolation in fish cell
culture. A more rapid confirmatory diagnosis can
be achieved by direct serological demonstration of
the viral antigen in the tissues of diseased fish.
Reports of above direct approach are limited to
the use of FAT (SwansoN and GILLESPIE 1981)
and ELISA (Dixon and HirL 1983). Moreover,
these virus identification methods have not been
widely adopted for routine use by fish culturists
or pathologists because special techniques and
equipment were required.

We have reported that the coagglutination test
using antibody-sensitized staphylococci was a
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rapid and reliable diagnostic method for bacterial
kidney disease, vibriosis and furunculosis (KiMURA
and YosumMizu 1981, 1982, 1983a, 1984). Recently,
RasacorLaN and Jacos-John (1982) reported
that the coagglutination test was useful for detec-
tion of hepatitis B virus surface antigen and that
the sensitivity of this method was 30 times greater
than counterimmunoelectrophoresis (CIE). KA1z,
StrAUSSMAN, SHAHAR and Kopn (1980) and
Nicoraies, KAtz and REGENMORTES (1982) have
reported that solid phase immune electron micro-
scopy (SPIEM) using antibody-sensitized sta-
phylococci, was applied to the detection of sindbis
virus and plant viruses. We have reported that
the coagglutination and SPIEM techniques were
useful for rapid serological identification of IPNV
isolated in cell culture (KiMURA and YOSHIMIZU
1983b).

The purpose of this study was to determine the
specificity and rapidity of the coagglutination test
for the serological typing of IPNV isolated in cell
cultures or for the direct detection of IPNV antigen
in fish tissues. The simplicity and reliability of
this technique would allow it to be used for routine
field diagnosis.

Materials and Methods

Antisera: .

Four rabbit antisera against strains of IPNV;
VR 299 (ATCC), Sp, Ab and Buhl were used in
this study. The anti-Buhl serum (507} neutraliza-
tion titer 10%3 vs 100 TCID,,) was provided by
Dr. K. Worr, National Fish Health Research
Laboratory, Leetown, West Virginia, U.S.A., and
anti-VR 299, Ab and Sp sera (509, neutraliza-
tion tiers 103, 1057 and 10°7 vs 100 TCID,,)
were provided by Dr. R.P. Heprick, Bodega
Marine Laboratory, University of California,
U.S.A. Antiserum for IHNYV was prepared against
the Yurappu strain isolated from chum salmon
(Oncorhynchus keta) in Hokkaido. Oncorhynchus
masou virus (OMYV) antiserum was prepared aga-
inst the Otobe strain O0-7812 (50 % neutralization
titer of above both sera was 10%-%). All antisera
were absorbed before use with an equal volume
of fetal bovine serum (FBS) containing acetone
powdered RTG-2 cells (50 mg/m/). The mixture
was incubated at 37°C for 2h and then at 5°C
overnight to avoid nonspecific reactions.

Preparation of stabilized staphylococci:

Staphylococcus aureus ATCC 12598 (Cowan 1)
strain which is rich in protain A was used to bind
antibody.

Stabilization of staphylococci was carried out
by the method of KiMURA and Yosannzu (1981).
Briefly, Staphylococcus aureus was cultured over-
night in trypticase soy broth, the cells were washed
five times in phosphate buffered saline (PBS, pH
7.3) and resuspended in 0.5% formalin-PBS..
After 3 h at 25°C, the cells were washed three times
in PBS and reconstituted with PBS to a 10%; (v/v)
suspension. This suspension was heated at 80°C
for 1h, washed three times with PBS, made up
to a 10% (v/v) suspension with PBS containing.
0.1% sodium azide and then stored at 4°C.

Coupling of staphylococci and antibody:

To 1ml of the stabilized cell suspension of
staphylococci, 0.1 m! of antiserum was added, and
the mixture incubated at 25°C for 3 h following.
During incubation, the mixture was gently shaken
every 30 min, subsequently centrifuged at 5°C for
60 min (2810xg), and the pellet of sensitized
staphylococci was resuspended in PBS at a con-
centration of 0.5% (v/v) for use.

Cell culture:

Monolayer cultures of rainbow trout (Salmo
gairdneri) gonad (RTG-2) cells were grown in
EAGLE’s minimal essential medium (MEM) con-
taining 10% fetal bovine serum (MEM-10) with
100 TU of penicillin and 100 ug of streptomysin
per m/.

Yirus:

Stock virus suspension of 19 IPNV isolates from
Japan, North America and Europe were prepared
in RTG-2 cell cultures. North American isolates
included ATCC reference strain VR 299, Buhl
(Idaho), West Buxton (Maine), Dry Mills (Maine)
and Reno (Nev.). FEuropean isolates included
Sp (Denmark)( Bonnamy (France), d’Honninchton
(France) and Ab (Denmark). Japanese isolates
included six strains from rainbow trout: Nichiro’
Matsuhisa, Eniwa, Saito, Yamamoto and Gifu,
and four strains from pacific salmon: Oippe and
Towada strains isolated from masu salmon
(Oncorhyncus masou), Gifu strains isolated from
coho salmon (Oncorhyncus kisutch) and amago
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salmon (Oncorhyncus rhodurus). And also, to
compare with others than IPNYV, rhabdovirus
(IHNV, Yurappu strain isolated from chum
salmon in Hokkaido) and herpesvirus controls
(OMYV, 00-7812 from masu salmon in Hokkaido)
were used in this study. Cell free virus antigen
was prepared by filtration through a 0.45 4 mem-
brane filter (Millipore HA).

Fish specimens:

Thirty six fry is a total, six salmonid species
suspected of having IPN were sampled at random
from five fish farms located in Yamanashi and
Gifu Prefecture. These specimens were mailed
to the laboratory in ice packed condition except
three specimens of coho salmon (No. G-4 to 6)
which were received in dry ice. Control fish
consisted of three healthy chum salmon which
were cultured in our Ilaboratory. Specimens
were tested immediately upon arrival.

Preparation of fish extract antigens:

Virus antigen was prepared from fish whole
viscera as a tissue homogenate (5% w/v in HANKS
BSS). The homogenate was sterilized by mem-
brane filtration for use as a viral antigen or for
virus isolation.

Coagglutination test:

A volume of 0.05m/ of antibody-sensitized
staphylococci suspension and 0.05 m/ of the test
antigen was mixed on a glass slide, and allowed
to react in a moist chamber for 30, 60 and 90 min.
At the end of each incubation period, the glass

room temperature.
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slide was examined by visual inspection or with a
microscope (% 10) for development of the coagg-
lutination reaction.

Results

Specificity of the coagglutination reaction for
identification of IPNV cultured in RTG-2 cells:

Cross coagglutination tests were carried out
using rabbit antisera against IPNV (Buhl), ITHNV
(Yurappu) and OMV (00-7812). These were
tested against cell free virus antigens, virus free
culture medium from RTG-2 cells, MEM-10 and
FBS. Staphylococci sensitized with unabsorbed
antisera showed positive reactions with all
antigens employed, but staphylococci sensi-
tized with antisera absorbed with FBS and
acetone powdered RTG-2 cells gave positive
reactions only when anti-IPNV rabbit serum
sensitized staphylococci and a cell free IPNV
antigen were used. Heterologous antigens and
staphylococci sensitized by normal rabbit serum
gave negative results. Anti-ITHNV and OMV
rabbit sera sensitized staphylococci showed no
reaction with either homologous or heterologous
antigens (Table 1).

The specificity of the reaction was confirmed
with a blocking test (Table 2). The blocking test
was carried out using staphylococci sensitized
with antiserum against IPNV (Buhl) and a cell
free IPNV (Buhl) antigen which had been mixed
with anti-IPNV (Buhl) rabbit serum for 1h at
A positive reaction only
occurred when the anti-IPNV sensitized staphy-

Table 1. Cross coagglutination tests using staphylococci sensitized with IPNV (Buhl), THNV
(HV-7601) and OMV (OO-7812) antisera against selected cell culture and viral antigens

Antisera used to sensitized staphylococci

Anti-IPNV Anti-THNV Anti-OMY Control*!
Antigen used Buhl Yurappu 00-7812

A*Z B*S A B A B A
Fetal Bovine Serum -+ - + — + — —
Minimal Essential Medium (MEM-10) -+ - + — + — _
Medium from RTG-2 cell culture + — -+ — + — —
Cell free IPNV (Buhl) + + + — + — _
Cell free IHNV (Yurappu) + - 4+ — 4 — _
Cell free OMYV (00-7812) + — + — + _ —

*1 Normal rabbit serum.

*2  Unabsorbed antiserum.

%3

Antiserum absorbed with FBS and acetone powdered RTG-2 cell.
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Table 2. Blocking effect of IPNV (Buhl) anti-
serum on the coagglutination test using
staphylococci  sensitized with IPNV
(Buhl) antiserum and cell free IPNV
(Buhl) antigen

Antisera used to
sensitized
staphylococci

Virus antigen used
Antj- Control**
IPNV
(Buhl)

-t —

Cell free IPNV (Buhl)

Cell free IPNV (Buhl) after
1 h incubation with anti- — —
IPNV (Buhl) rabbit sera

*! Normal rabbit serum.

lococcei and unblocked IPNV antigen were used.

The coagglutination test for serological typing of
cell fee IPNV cultured in RTG-2 cells:

For serological typing of cell grown IPNV
antigens the specificity of the coagglutination test
was evaluated using staphylococci sensitized with
antisera against strains VR 299, Sp and Ab.
Three different sensitized staphylococci were
tested against five IPNV strains grown in cell
culture from North America, ten strains from
Japan and four strains from Europe (Table 3).
The staphylococci sensitized with anti-VR 299
serum showed positive reactions with the strains
from North America and Japan but not with the
European strains. Staphylococci sensitized with
anti-Sp or Ab sera showed positive reactions
with only the strains from Europe after 30 min
incubation. However, weak cross reactions were
observed with the strains from North America
and Japan after incubation periods exceeding 1
h. The agglutinating particles were very fine and
different from those in the reaction with the Sp
and Ab strains (Fig. 1). These results indicated
the usefulness of the coagglutination test for
rapid serological typing of IPNV for the North
American and European strains. The minimum
amount of viral antigen needed to get a positive
reaction varied between 10°-* and 107" TCID;,/m/.

Effect of antigen concentration and time of reaction
on the coagglutination test for detection of IPNV
antigens in fish tissue extracts:

Antigen extracts from fish were prepared as a

Fig. 1. Coagglutination reaction patterns obtained
with MEMy, (3), cell free IPNV strain
VR 299 (4), Sp (1) and Ab (2), using a
staphylococcal suspension sensitized with
anti-IPNV (Strain Sp) rabbit serum.

1: 5 tissue suspension (w/v) in HANKS® BSS using
whole viscera of IPN infected rainbow trout,
coho salmon and amago salmon. Two-fold
dilutions of these extracts in BSS from 1:5 to
1: 320 were used. All antigens were tested against
staphylococci sensitized with IPNV(BuhDantiserum.
A positive reaction occurred with antigens from
IPNV infected fish and the more concentrated
dilutions tended to give positive reactions with
30 min, while the higher dilutions required a
longer time. A control antigen prepared from
healthy chum salmon failed to react at any con-
centration tested. The staphylococci sensitized
with normal rabbit serum also failed to react with
any of the antigen preparations (Table 4). These
experiments demonstrated the ability of the
coagglutination test to detect the IPNV antigen
at relatively high dilutions of fish tissue within
30 min.

Diagnosis of IPN in fish undergoing natural epi-
zootics using the coagglutination test:

A total of 36 fish specimens consisting of six
salmonid species were collected at random from
five fish farms in Gifu and Yamanashi Prefecture.
All fishes seemed to be experiencing an epizootic of
IPN. Three healthy chum salmon fry were used
for controls. All fishes were examined for evidence
of IPN by the coagglutination test. Samples
were also processed for the isolation and titration
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Table 3. Specificity of coagglutination tests using staphylococci sensitized with anti-IPNV rabbit

serum

IPNYV antigen used Antisera used to sensitize staphylococci Minimum
IPNV Titer Anti-IPNV serum " Control*! titer

(TCMDeofmd) Sostting
VR 2%9 Sp Ab reaction

30260 90 30 60 90 30 60 90 30 60 90 (TCIDso/ml)
VR 299 7.05 + + + - 4+ + - - + — - = 6.45
Buhl 7.55 + + + -+ + - 4+ + - ~ = 6.95
West Buxton 7.80 -~ + -+ - + + - — -+ - - - 7.20
Dry Mills 7.80 + + + - + + - + + - - = 7.50
Reno 7.55 + 4+ + - + + - + + - - = 6.95
Nichiro 7.05 + + + — 4+ 4+ —_ -k - - — 6.45
Matsuhisa 6.80 + 4+ -+ e e - = - 6.50
Qippe 8.30 + + + - 4+ -+ . e o — = = 7.70
Eniwa 8.30 + + + - 4+ +F -+ + - = = 170
Yamamoto 6.80 + + + - + + - = + - - = 5.90
Gifu RT 7.55 + + + - = + - — + - = = 6.95
Gifu CO 7.05 + + -+ — -+ - 4+ o+ - — _ 6.45
Gifu AM 7.05 + + + - + -+ - + + - - - 6.45
Towada 7.80 + + + - - + -+ + - = = 7.50
Saito 7.05 + -+ + - + + e i - - - 6.75
Sp (Denmark) 8.55 - = = + + + 4+ + - - = 7.65
Bonnamy (France) 8.30 - - = + + + + 4+ + - - - 7.70
«d’Honninchton (France) §.80 - - - + 4+ + + + + —_ - - 7.63
Ab (Denmark) 8.30 _— = + + -+ + + + - - — 7.40

*L Normal rabbit serun.

*2  Reaction time.

Table 4. Effect of concentration and the time of reaction on the coagglutination test*® for detec-
tion of IPNV antigen in extracts of fish collected from Gifu Prefecture

Concentration

Rainbow trout

Coho salmon

Amago salmon Chum salmon™*!

of tissue No. R-1 No. C-1 No. A-1 No. Ch-1
30*2 60 90 30 60 90 30 60 90 30 60 90
1. 5 -+ + + + + -+ + + + — — —
1: 10 + + + + + -+ + + + — — —
1: 20 -+ -+ + + + -+ + + + - — —
1: 40 -+ + -+ -+ + + + -+ + - — —
1: 80 + -+ + - -+ -+ + + -+ — — -
1:160 — - — — — — - — - — - —
1:320 — — — S — — - — — — - —

*1 Healthy fish for control.

*2  Reaction time.
* - Anti-IPNV (Buhl)

of IPNV from individual fish (Table 5).

Staphylococci sensitized with antiserum against
IPNV (Buhl) showed positive coagglutination
reactions with rainbow trout, coho and amago
salmon cultured in Gifu Prefecture.

The virus

was isolated from all fish except the coho salmon
No. G-4 to 6 which were recieved by our laboratory
chilled with dry ice. The antigens prepared from
the rainbow trout cultured in Yamanashi Pre-
fecture, from which IPNV was not isolated, and
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Table 5. Comparison of coagglutination test and isolation of IPNV for detection of IPN disease

Minimum titer

Species Source Virus Coagglutina; .

Fish No. of fish of fish tion test*? ;‘g%‘l’{‘l‘;g

; iter*t

Isolation Titer feaction
R-1 Rainbow trout Gifu + 9.05 + 7.15
R-2 Rainbow trout Gifu + 7.80 + 6.50
Co-1 Coho salmon Gifu 4 5.00 + 3.10
Co-2 Coho salmon Gifu + 5.03 -+ 3.35
Co-3 Coho salmon Gifu + 5.75 + 3.85

Co-4*3 Coho salmon Gifu — <4.50 + ND*4
Co-5%3 Coho salmon Gifu — <4.50 + ND
Co-6*3 Coho salmon Gifu - <4.50 e ND
A-1 Amago salmon Gifu + 5.25 + 3.05
A-2 Amago salmon Gifu + 5.78 -+ 4.40
A3 Amago salmon - Gifu + 4.75 + 3.15
R-13 to R-17 Rainbow trout Yamanashi — ND — ND
R-18 to R-27 Rainbow trout Yamanashi — ND — ND
Ch-1 Chum salmon Laboratory — ND — ND
Ch-2 Chum salmon Laboratory ND — ND
Ch-3 Chum salmon Laboratory — ND — ND

*1 TCID,e/g whole viscera.

*2  Staphylococci sensitized with antisera for IPNV (Buhl).

*#3  Mailed with dry ice.
*¢ Not determined.

the control aﬁtigens prepared from healthy chum
salmon showed negative reactions.

Discussion

The development of a reversed passive
agglutination or coagglutination test for the
serological typing of pneumococci (KRONVALL
1973) and dectection of Neisseria gonorrhoea
(DantersoNn  and  Kronvar  1973)  using
staphylococci sensitized with specific antibody,
indicated that this general method might have
potential of serological applications for the
diagnosis of other fish pathogens. We have
reported that the coagglutination test with specific
antibody-sensitized staphylococci was a rapid and
reliable field diagnostic method for bacterial
kidney disease, vibriosis and furunculosis of
salmonid fish (KiMUuraA and YosHmmizu 1981, 1982,
1983a, 1984). The finding that staphylococci
sensitized with anti-IPNV serum would bind
IPNV on the surface of the cells and agglutinate
indicated that this method might be useful for the

diagonosis of IPNV (Kimura and YOSHIMIZU
1983b).

In the present study, the application of this
method for the diagnosis of infectious pancreatic
necrosis in salmonids was investigated. Coagg-
lutination tests were carried out with cell free
virus antigens from selected viruses using staphylo-
cocci sensitized with anti-IPNV (Buhl) serum.
Positive reactions occurred only with cell free
IPNV (Buhl) antigen, and no cross reactions were
observed.

The serological differences between North
American and European IPNV isolates have been
described by JorgenseN and KesLer (1971),
UNDERWOOD, SMALE, BrowN and Hmr (1977),
Fintay and Hir (1975), MacpoNaLp and
Gower (1981) and OxamoTO, SANO, HEDRICK and
FrYER (1983). The specificity of coagglutination
test for serological typing of IPNV was tested
using five strains from North America, ten strains
from Japan and four from Europe. Staphylocci
sensitized with anti-VR 299 serum gave positive
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reactions with the strains from North America
and Japan, but did not combine with the strains
from Europe. Although staphylococci sensitized
with anti-Sp and Ab sera showed weak cross
reactions with the strains from North America and
Japan after more than 1h incubation, the agg-
lutination pattern was clearly different. These
results indicate .the coagglutination test is useful
for rapid serological typing of IPNV for at least
two groups, the North American and European
strains.

The most important use of the coagglutination
test for IPNV would be to detect specific IPNV
antigen in the internal organs of infected fish.
It was found that IPNV antigen could be detected
in extracts of IPNV infected rainbow trout, coho
salmon and amago salmon tissue at relatively
high dilutions.

The coagglutination test for diagnosis of IPN
was evaluated. Although we did not compare the
sensitivity of this test with other methods, the
minimum virus titer necessary for a positive
reaction was slightly higher than that required
for an ELISA test (Dixon and HiLr 1983). Using
extracts of infected fish, the numbers of specimens
found to be positive by the coagglutination test
was higher than the numbers detected by virus
isolation. These results suggest that the technique
has sufficient sensitivity for diagnostic applica-
tions. The results obtained in this study using the
coagglutination test for the diagnosis of IPN
indicate that this relatively simple test, which
requires no special apparatus and can be per-
formed in the field, is a valuable addition to the
diagnostic methods available for detecting this
disease.

Acknowledgements

The authors wish to express their sincere
gratitude to Dr. K.E. WoLr, National Fish
Health Research Laboratory, Dr. R. P. HeDRICK,
Bodega Marine Laboratory, University of Calfornia,
U.S.A, and the Gifu and Yamanashi Fisheries
Experimental Stations for their assistance.

We would like to express our sincere thanks to
Drs. J. L. Fryer and J. R. WiNTON, Oregon State
University, U.S.A., for their critical review of the
paper and their valuable suggestions.

This study was supported in part by a grant
from the Japan-U.S. Cooperative Science Program

under the Japan Society for the Promotion of
Science, and by Research Fund of the Japan
Fisheries Resource Conservation Association.

References

DanieLsson, D. and G. Kronvar (1973): Slide
agglutination method for serological identification
of Neisseria gonorrhoeae with antigonorrhoeal
antibody absorbed to protein A-containing
staphylococci.  Appl. Microbiol. 27, 368-374.

Dixon, P. F. and B.L. HiL (1983): Rapid detec-
tion of infectious pancreatic necrosis virus (IPNV)
by the enzyme-linked immunosorbent assay
(ELISA). J. Gen. Virol, 64, 321-330.

Finpay, J. and B.J. Hir (1975): The use of the
complement fixation test for rapid typing of in-
fectious pancreatic necrosis virus. Aquaculture, 5,
305-310.

Heprick, R. P, J. C. LEoNG and J. L. Fryer (1978):
Persistent infections in salmonid fish cells with
infectious pancreatic necrosis virus (IPNV). J,
Fish. Disease, 1, 297-308.

Jogensen, P. E. V. (1974): Indirect fluorescent anti-
body techniques for determination of trout viruses
and corresponding antibody. Acta Veterinaria
Scandinavica, 15, 198-205.

JorgENseN, P. E. V. and N. P. Kenrer (1971): In-
fectious pancreatic necrosis (IPN) viruses in
Danish rainbow trout: their serological and
pathogenic properties. Nord. Veterinaermed, 23,
568-575.

Katz, D., Y. STRAUSSMAN, A. SHAHAR, and A. KouN
(1980): Solid-phase immune electron microscopy
(SPIEM) for rapid viral diagnosis. J. Irmmunolo-
gical Methods, 38, 171-174.

Kronvarr, G. (1973): A rapid slide-agglutination
method for typing pneumococci by means of
specific antibody absorbed to protein A-con-
taining staphylococci. J. Medical Microbiol., 6,

. 187-190.

Kivura, T. and M. Yosamizu (1981): Rapid method
for detection of bacterial kidney disease of salmonid
(BKD) by coagglutination of antibody sensitized
protein A-containing staphylococci. Bull. Japan.
Soc. Sci. Fish., 47, 1173-1183.

Kimura, T. and M. Yosuimizu (1982):  Coagglutina-
tion test with antibody-sensitized staphylococci
for rapid and simple serological diagnosis of fish
vibriosis. Annual reports of fish disease control,
Research Fund of Japan Fish. Resource Con-
cervation Association, 1-7.

Kimura, T. and M. YosHmMizu (1983a): Coaggluti-
nation test with antibody-sensitized staphylococci
for rapid and simple serological diagnosis of fish



32 Takahisa Kimura, Mamoru YosHmizyu and Hiromitsu YASUDA

furunculosis. Fish Pathology, 17, 259-262.

KmMura, T. and M. Yosamizu (1983b): Coaggluti-
nation test and solidphase immune electron micro-
scopy technique (SPIEM), using antibody-sensitized
staphyloccoci for rapid identification of infectious
pancreatic necrosis virus (IPNV) in infected cell
cultures. Annual reports of fish disease control,
Research Fund of Japan Fish. Resource Con-
ceervation Association, 6-11.

Kimura, T. and M. Yosemizu (1984):  Coagglutina-
tion test with antibody-sensitized staphylococci
for rapid serological identification of smooth and
rough strain of Aeromonas salmonicida. Bull.
Japan. Soc. Sci. Fish., 50, 439-442.

MacponalDp, R.D. and D.A. Gowsr (1981):
Genomic and phenotypic divergens among three
serotypes of aquatic birnaviruses (infectious
pancreatic necrosis virus). Virology, 14, 187-195.

NicoLAIEFF, A., D. KAtz and M. H. V. van REGEN-
MORTEL (1982): Comparison of two methods of
virus detection by immunosorbent electron micro-
scopy (ISEM) using protein A. J. Virological
Method, 4, 155-166.

Nicrorson, B. L. and P. Caswerr (1982):  Enzyme-
linked immunosorbent assay for identification of
infectious pancreatic necrosis virus. J. Clinical
Microbiol., 16, 465-472.

NicroLson, B. L. and E. A, HenNcHAL (1978): Rapid
identification of infectious pancreatic necrosis
virus in infected cell cultures by immunoperoxidase
techniques. J. Wildlife Disease, 14, 465-469.

Oxamoto, N., T. Sano, R.P. Heprick and J. L.

FryEer (1983): Antigenic relationships of selected
strains of infectious pancreatic necrosis virus and
European eel virus. J. Fish. Diseases, 6, 19-25.

Preer, D., B. NicHOLSON and J. DunN (1973): Im-
munofluorescent study of the replication of in-
fectious pancreatic necrosis virus in trout and
Atrantic salmon cell cultures. Infection and
Immunity, 8, 249-254.

RAJAGOPALAN, M. S. and T. Jacos-Toun (1982):
Sensitivity of passive bacterial agglutination for
detection of hepatitis B surface antigen. J.
Clinical Microbiol., 16, 549-551.

Sano, T. and T. NistiMURA (1981): Rapid identi-
fication of infectious pancreatic necrosis virus
(IPNV) in infected cell cultures by indirect fluore-
scent antibody test and immunoperoxidase tech-
niques. Annual reports of fish disease control,
Research Fund of Japan Fish. Resource Con-
servation Association, 1-15.

SwansoN, R.N. and J.H. Giieseis (1981): An
indirect fluorescent antibody test for the -rapid
detection of infectious pancreatic necrosis virus in
tissues. J. Fish Diseases, 4, 309-315.

Tu, K., R.S. SPENDLOVE and R. W. GoeDE (1975):
Effect of temperature on survival and growth of
infectious pancreatic necrosis virus. Infection and
Immunity, 11, 1409-1412.

Unbperwoob, B.O., C.J. SMALE, F. BRown and B. J.
Hip (1977): The relationship of a virus from -
Tellina tenuis to infectious pancreatic necrosis
virus. J. Gen. Virol., 36, 93-102.



Diagnosis of IPN by Coagglutination Using Antibody-Sensitized Staphylococci 33

2P EYE staphylococci % Fj\ 72 coagglutination test o
IPN fLEzZEr A~ nRic 2w T

ANBER F Kk & HE R
(FEF 58 48 11 B 11 H=H)

R B RRSF staphylococei % Fi\ 7z coagglutination test ¥ X % BGHIAEES BN B L OR BB AE RS
KIFET S IPN v A L AR OBRBECOWT, HrAEO IPN REZE~OISAY BRNCRE 21T
WOIMERER LB, '

#1 IPNV (Buhbl) M RE{E staphylococci % IPNV (Buhl) & RSEE#H %, THNV 2 OMV & i1a# 25 L,
COREORERR 7 v oy F v I/ TA VLI WV EID bR, MEL1 TORKD IPNV B COXRESE
AEBATIL, # IPNV VR299 miiE R staphylococei i1tk % X OBRE SRR (VR299 type) & 0K IEE#:
HRL, Ab, Sp HrE Elra — v o PR E ORI TH - Tco —F 5L IPNV Ab, Sp 5 fE staphylococei
15 VR 299 type k& FBUHNBERIEL R LI, TOBRE % — i3 Ab, Sp BOFRLITHLME
£Y, FECI DY ZhLOBRE - S MEHNBTETH -0

= = R (Salmo gairdneri), & v~ % (Oncorhynchus kisutch) 3 X O° 7 = = (Oncorhynchus rhodurus) IPN
FREORRBMEELHE L L coagglutination test ~CiY, HEMERAR (x29) HEERWTH 90 SR
RIGTHHERYE, IPN ORBEcBENTEEE It - T,

FEEBRLRBRIEEY 2 NBLeT, BRERYE2F LT 2 BEEL2ET LA THE &
2b, BBRBETS IPN ORE»OH S LBIETH D EE L D,
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