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INTRODUCTION

Ayu, Plecoglossus altivelis (Salmoniforms: Plecoglossidae), is one of the most important
species among cultured freshwater fishes in Japan, and the recent annual production of farmed
ayu reaches 10,000 tons. The wild populations of this anadromous fish spend most of their one
year life in freshwater environments. After spending their first few months in the sea or in
Lake Biwa where land-locked stocks of ayu inhabit, juveniles or young fish enter rivers in the
spring and gradually migrate upstream. By the late summer they begin to migrate back to the
lower reaches of the river, where they spawn in the fall. The newly hatched larvae are carried
to the sea or the lake. The juveniles of ayu are caught in estuaries along the south-coast Japan
or the coastal area of Lake Biwa through the late winter into the early spring, and transferred to
freshwater ponds for culture, or released into rivers for fisheries stock and game fishing.
Recently, a considerable amount of seedlings raised from artificially inseminated eggs has come
to be supplied at many hatcheries.

In culture ponds, ayu are raised up to a marketable size of 30-100 g for 2 to 4 months at
water temperatures from 15 to 25°C (optimum range: 22-24°C). Frozen trash fishes were
given to ayu in the past, but nowadays pelleted or crumbled artificial diets are generally used.

No viral disease has been reported until quite recently, however, a mortality due to IHNV (In-
fectious haematopoietic necrosis virus)-like virus was observed in 1986 (Ucann, 1987; Yosuimizu
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et al., 1987)*1, and a rhabdovirus (HRV) pathogenic to Japanese flounder (Paralichihys olivaceus)
was isolated from larval ayu (Kivura ef al, 1986)1. On the other hand, various bacterial
diseases have been recorded in ayu. Vibrio anguillarum (Muroca and Ecusa, 1967)2, V. ordalii
(Muroca ef al., 1986)%, V. cholerae non-0-1 (Muroca et al., 1979)%, Vibrio sp. (Kusupa, 1965)%,
Aeromonas hydrophila (Jo and Ounisui, 1980)%7, A. salmonicida (unpublished), Pseudomonas
anguilliseptica (Nakai et al., 1985)0, Flavobacterium sp. (Mivazaxy and Jo, 1986)8, Pasteurella
plecoglosacida (Kusupa and Miura, 1972)% and Streptoccocus sp. (Krrao et al., 1981; Ounisur and Jo,
1981; Usann, 1981)19-12) have been reported as disease agents from farmed ayu. Among them,
V. anguillavum is beyond comparison the most devastating pathogen of this fish.

Two decades have passed since V. anguillarum was first reported as a disease agent in ayu,
and during this period various investigations were made especially on the immunological pro-
phylaxis. As a result, commercial vaccines are expected to become available for ayu vibriosis in
the near future. Under the circumstances, it seems worthwhile to review the past
achievements on the vibriosis of ayu at this stage. In this context, a number of pages is assign-
ed to the studies on vaccination in this review.

CAUSATIVE AGENT : Vibrio anguillarum

In the early 1960’s, vibriosis was already known as the most serious disease in ayu culture
(Isuina, 1964)*2, even though the causative bacterium was not formally identified. This seems
to be based on a brief description made by Hosuiva that ayu was attacked by a vibrio (V. piscizm
var. japonicus), the causative agent of vibriosis in rainbow trout (Hosuimna, 1956, 1957)18. 14,

In 1967, the causative agent of the vibriosis occurring in juvenile and young ayu caught in
Lake Hamana (sea-water lake) was identified as V. anguillarum (Muroca and Ecusa)?’. Suc-
cessively, the same pathogen was isolated from diseased ayu juveniles caught in another district
(Muroca and Moronosu, 1967)'% and farmed ayu in freshwater ponds (Muroca and Ecusa,
1970)*%'. From then on, the bacterium has been isolated from ayu in various districts of Japan
(Kobera ef al., 1974: Uno and Muroca, 1974; Kusupa ef al., 1979; Ezura ef al., 1980)17-20)

General characteristics

Several studies on morphological, biochemical, physiological and genetical characteristics of
V. anguillarum isolated from ayu and other fishes have been carried out (Ecusa, 1969; Muroca
and Ecusa, 1973; Muroca, 1975; Kusupa et al., 1979; Muroca ef al., 1984; Tanma ef al., 1985,
1986)21-23,19. 24261 {Jntil the first half of the 1970’s, there was some confusion about the defini-
tion of V. anguillarum (Ecusa, 1969)21, but now it is well defined as listed in Bergey's Manual
(Krige and Hovt, 1984)277.  One remaining problem is that the bacterium proposed as Vibrio or-
dalii by Scriewe ef al. (198128 should be included in V. anguillarum as biotype II as shown in the
Bergey’s Manual, or should be separated. In this review, V. ordalii is excluded from V.
anguillarum to avoid confusion.

Several important characteristics of V. anguillarum are listed in Table 1 according to the

*

Usayn, M.: A viral disease occurring in cultured ayu.; Yosumzu, M. ef al. : Characteristics of a virus
isolated from diseased ayu. Both in Abstract of Annual Meeting of the Japanese Society of Fish
Pathology (Showa 62, April) pp. 11-12 (1987). (in Japanese)

2 Isuma, R.: Vibriosis of ayu, Yohshoku, 1(6), 44-46 (1964). (in Japanese)
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Table 1. Characteristics of Vibrio anguillarum isolated from ayu

Bergey’s Muroca & WakABAYASHI Muroca
Character Manual Ecusa (1967)% et al. (1975)2 et al. (19799
(1984)#7 6 strains 4 strains 52 strains

Motility + + - +51%— 1
Sensitivity to 0/129 + + -+ +25 27
Nitrate reduction + + + +49 ~ 3
Gelatinase + + + +
Gas from glucose - - - -
Arginine decomposition + + + +
Lysine - - *2 - -
Ornithine - - - -
MR - - - + 4 —48
VP + + + +
Acid from

ghucose “+ 4 + “+

sucrose -+ 4 ) -+ +

cellobiose + +5 —1 +13 -39

mannitol -+ + +W +42 ~10

arabinose + +3 -3 - +23 —29
Na(l

0% d ®3 p— — [

5 +1 3 +29 —23

6 d

7 -+ - -

8 — .

#*1number of straing having reactions as given.
*2:tested later by the present authors.
*3:11-89% of strains are positive.

+ W :weakly positive.

description of the Bergey’s Manual. In addition to this, the characteristics of the first reported
strains (Muroca and Ecusa, 1967)2 and some important exceptional strains are shown in the
table. Non-motile V. anguillerum strains were isolated from diseased ayu in Nagano
(WaxaBavasHi ef al., 1975)% and Tokushima (Muroca ef al.,, 1979530 Prefectures. Sensitivity to
vibrio-static agent 0/129 (pteridine compound) is one of the important requisites for the iden-
tification of the genus Vibrio, however, especially in 1976 and 1977, V. anguillarum strains
non-sensitive to 0/129 were frequently isolated from affected ayu (Muroca ef al., 1979)30', At
that time a sulfadoxine/trimethoprim (ST) mixture was used illegally by a number of culturists,
and it was confirmed by an in vitro experiment that strains sensitive to both 0/129 and ST mix-
ture became resistant not only to ST mixture but also to 0/129 by repeated exposures to low con-
centration of ST mixture (Muroca ef al., 1979).

Pathogenicity

Strains of V. anguillarum isolated from diseased ayu were pathogenic not only to ayu itself
but also to other fishes such as Japanese eel (Anguilla japonica), European eel (A. anguilla), loach
(Misgurnus anguillicaudatus), goldfish (Carassius auratus), crucian carp (C. carassius), Amago (On-
corhynchus rhodurus f. macrostomus), kokanee salmon (O. nerka {. adonis), black seabream (Acan-
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thopagrus schlegeli), and yellowtail (Seriola quingueradiata) (Muroca, 1975; Uno, 1976)23.3D,
Among these fish species, ayu is thought to be the most susceptible fish; the lethal dose of a
highly virulent strain in intramuscular (IM) and intraperitoneal (IP) injections in this fish was
reported c.a. 8 cells and 17 cells per fish, respectively, and the lethal concentration in
water-born infection was 104 cells/m0 (Jo and Muroca, 1977; Jo, 1981; Kusupa ef al.,, 1981; Aokt
et al., 1984)%-35), Intragastric inoculation with 6.3 X 10 cells/fish could also kill ayu (Kusupa et
al., 1981; Minamr et al, 1983)34.36 whereas Konera ef al (1974)37 reported that oral ad-
ministraion (3 mg/fish) of a strain could not introduce the infection in ayu. As mentioned later,
three serotypes of V. anguillarum have been isolated from diseased ayu. Among them, J-O-1
(A) seems to be the most virulent type (Minami ¢f al., 1983)*®, however, the precise relationship
hetween serotype and virulence is yet to be investigated. Mouse was not susceptible to V.
anguillarum strains (Muroca, 1975)23,

Various virulence factors of V. anguillavum have been enumerated (Everyn, 1984)3%),
however, the importance of each factor has not been fully elucidated. As for the strains from
ayu, an extracellular protease was demonstrated as a lethal factor for ayu and other fishes (In-
AMURA ef al., 1984, 1985)3%.40),

Serotype

O-serotyping of Japanese strains of V. anguillarum has been carried out independently in
three laboratories, Miyazaki University (Aokr and Kirao, 1978; Kitao ef al., 1983, 1984)11-43)
Hokkaido University (Ezura ef al., 1980; Tanma ef al., 1985, 1986)20.25,.44,4% and Kochi Universi-
ty (Kusupa et al, 1981)*6'. They, though using different designations for typing, agreed with
each other that most strains of V. anguillarum isolated from diseased fishes in Japan could be
divided into three serotypes. In this paper, the designation proposed by Ezura ef al (1980)20 is
adopted. In Table 2, results of O-serotyping of V. anguillayum strains from diseased ayu
reported by the above-mentioned three groups of researchers and Jo (1981)*® are collected. As
shown there, 86% of the examined strains fell into J-O-1, and only 5% and 8% of the strains
belonged to J-O-2 and J-0-3, respectively. In addition to the serotyping, comparative analyses
of proteins and lipopolysaccharides (LPS) among the representative serotypes have been carried
out (Aoxi et al., 1981; Sarartt and Kusuba, 1986)47.48),

While J-O-1 type was isolated from diseased ayu in freshwater ponds regardless of their
history of early life, J-O-2 and J-O-3, especially the latter which was called marine type (Kusupa
et al., 1981)18 were usually isolated from juvenile or young ayu caught in marine environments
during the acclimation period from sea water to freshwater or just after the acclimation (Jo,
1981; Miruch! ef al., 1983)%.49), Miruch ef al. (1983)5% investigated the relationship between
serotype and drug sensitivity of the isolates from diseased ayu in Lake Hamana, and they found

Table 2. Serotyping of V. anguillarumn strains isolated from diseased ayu

Ezvra et al Kusupa ef al. Jo Kitao et al. Mean
Serotype (1980)2 (1981)% {1981)» (1983 (%)
J-0-1 99* (80%) 13 (87) 215 (84) 241 (92} 86
J-0-2 10 (8) 0 (0 17 (7} 6 (2 5
J-0-3 14 D 2 (13) 24 (9) 12 ( 5) 8
Others 1 (D 0w 0 (0 4 (2)

* number of strains.
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an interesting fact that J-O-1 strains were resistant to nalidixic acid, oxolinic acid and
nifulpirinol, while J-0-2 and J-O-3 strains were sensitive to these drugs. They noted that the
replacement of the causative agent from J-0-2 and J-0-3 serotypes to J-O-1 serotype along
with proceeding of acclimation and rearing could be attributed to a selection by certain
chemotherapeutics used in these periods.

Recently, O-serotyping scheme of V. anguillarum was reported from Denmark (Sxov
Serensen and Larsen, 1986)50,  In their scheme, 10 serotypes were listed and J-0-1, J-0-2 and
J-0-3 correspond to Denmark 02, O3 and O1, respectively. It has been revealed that there
were several minor serotypes of Japanese strains (Kirao ef al., 1984; Tanma ef al,, 1986)1345,
Furthermore, many O-serologically untypable strains have been isolated from wild fingerlings
(Muroca et al., 1984)52), reared seedlings of ayu (Tatani ef al., 1985)5% and sea waters (MuroGa ef
al., 1986)%%, Most of these untypable strains isolated from healthy fish or environments were
non-pathogenic, however, a disease case due to an untypable strain of V. anguillarum occurred
in ayu fingerlings under seed production (Tarant ef al., 1985)5,

There have been very few investigations on thermo-labile antigens of V. anguillarum. Ta-
1A et al. (1985)%5 reported that the representative strains of V. anguillarum (J-0-1~J-0-8)
have a common heat-labile antigen (k-1) and V. ordalii strains have another specific antigen
(k-2). Recently, Rasmussen (1987)55 reported that 11 strains of Denmark O1 V. anguillarum in-
cluding a Japanese strain PT-213 (J-0-3) have a common K antigen (K-1).

EPIDEMIOLOGY

V. anguillarum infection in ayu occurs in any stages of fish development both in freshwater
and sea water environments throughout the year. There have been some papers describing the
occurrence of vibriosis in juveniles of ayu in seed production process (Muroca ef al., 1974;
Takepa ef al,, 1975; Tarani et al., 1985; Iwata ef al., 1988)%6.57.53.58) It was revealed that rotifer
(Brachionus plicatilis), a main diet for ayu larvae, played the role of vector of the pathogen
(TaBata ef al., 1982: Tarant ef al., 19855958, TapaTa ef al. (1982) suggested that a bathing of
rotifers in furanace, a nitrofuran compound used at that time, would reduce the mortality due to
the vibriosis. However, as far as the current system of seed production is kept on, that is, ayu
are reared receiving rotifers in sea water, it seems impossible to avoid vibriosis because V.
anguillarum is ubiquitous in inshore waters at least in the Inland Sea of Japan and its adjacent
areas (Muroca ef al., 1986)%%,

The source of the infection in ayu occurring in freshwater ponds is thought to originate from
carrier fish, because the pathogen cannot survive in freshwater environments (Itam and
Kusupna, 1984: Muroca et al., 1986)60.54, 1In fact, V. anguillavum was detected in seedlings
caught in either marine or freshwater environments (Muroca ef al., 1984)%2. The carrier rate
became higher towards the end of the season for seedling collection, thus the preference of the
juveniles caught in the early months of the season will result in higher survival rate.

V. anguillarum is generally thought as a pathogen of marine fishes and migratory fishes like
salmon and eels (Anperson and Conroy, 1970)81,  However in Japan, as described repeatedly, V.
anguillarum infection occurs frequently in farmed populations of ayu in freshwater ponds, and
V. anguillarum was detected from juvenile ayu caught in Lake Biwa (Muroca et al., 1984)°2. It
is an interesting problem how the pathogen has remained and clung to ayu successively in this
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freshwater lake, considering that the organism was revealed experimentally to be unable to sur-
vive in freshwaters (Itami and Kusupa, 1984; Muroca ef al., 1986)50.54)

SYMPTOMS AND PATHOLOGY

In juvenile ayu, the symptom of the vibriosis is characterized by cloudy area in the trunk
(Muroca and Ecusa, 1967)?.  In young and adult stages, spots or lines of hemorrhages are observ-
ed on the trunk skin. Other symptoms like exophthalmus, reddening and expansion of anus,
and ulcerative lesions of the skin are sometimes observed. Intestinal hemorrhage and conges-
tion of the liver, spleen and kidneys are seen in affected fish especially at progressed stages
(Funanasuiet al., 1974; Ecusa et al., 1979; Kusora ef al., 1982)62-60 The pathological changes in
the blood have been scarecely studied owing to the difficulty in obtaining an enough amount of
blood sample from this small fish.

The speed of progress of the infection is influenced by water temperature, but it usually re-
quires only 2 to 4 days from the onset of the infection to individual death (Jo, 1981)3%,

The gills, skin and gastrointestinal tract have been implicated as the site of entry of V.
anguillarum in salmonid fishes (EveLyy, 198438, In ayu, Funanasar ef al, (1974)52 observed
that the first focal infection occurred in the skin of naturally and experimentally infected fish.
Kawar ef al. (1981)65 and Muroca and Dt La Cruz (1987)58 concluded that the skin was the site
of entry for the pathogen based on the experimental infections, though the possibility that the
pathogen enters through the gills and intestinal tract cannot be totally ruled out. After the pro-
liferation in the first colonization site, the bacteria are distributed to various parts of the body
and finally cause septicemia (Funanasui ef al., 1974; Ecusa ef al., 1979; Muroca and De La Cruz,
1987)62,63,66),

Recently, a lytic activity against V. enguillarum cells was demonstrated in the skin mucus of
ayu (Iramr ef al., 1987)7 and a virulence-enhancing effect of injected iron compounds was con-
firmed in experimental ayu vibriosis (Nakat ef al., 1987)58' however, the various factors influenc-
ing the host-parasite relationship in ayu vibriosis remain to be investigated.

CONTROL MEASURES

Since nitrofuran derivatives, sulfa drugs and antibiotics had been reported to be effective for
the control of vibriosis in rainbow trout (Hosuina ef al., 1957; Sairo et al., 1964; Havasu: ef al,,
1964, 1965)%-7 these chemotherapeutics were also used in ayu farms in the 1960s. Later,
bathings in sulfamonomethoxine (Ocami, 1969 and chlortetracycline (Muroca and Ecusa,
1968)™ were confirmed to be effective against vibriosis occurring in seedling ayu caught in the
sea. In those days vibriosis was not a serious threat for ayu farmers because it was easily con-
trolled by chemotherapy. Almost suddenly in 1973, the vibriosis prevailed in various districts
of Japan due to the ineffectiveness of sulfa drugs and antibiotics, and the economic loss reached
670 million yen in that year. Since then, vibriosis has become the most important obstacle to
ayu culture, and studies on immunological prophylaxis have been taken up.

Chemotherapy

In a guide-book for ayu culture (Oganm, 1966)*3, oral administration of sulfa drugs (sulfisox-

*3 Ocami, H.: Ayu—Techniques for pond culture—. Nohsangyoson-Bunka-Kyokai, Tokyo, pp. 1-115
(1966). (in Japanese)
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asole, sulfathiazole, sulfadimethoxine, sulfamonomethoxine), nitrofurans (furazolidone), and an-
tibiotics (tetracycline) were recommended as control measures for vibriosis. In fact, most of the
strains isolated from diseased ayu in the 1960’s were sensitive to at least tetracycline and
chloramphenicol, which were often used as sovereign remedies in ayu farms. Nevertheless, as
mentioned above, the isolates from infected ayu in 1973 were resistant to sulfamonomethoxine,
tetracycline and chloramphenicol (Jo, 19813, Aok ef al. (1974)7® exhibited that 65 out of 68
strains isolated from epidemics of vibriosis in 1973 carried transferable drug resistance factor (R
factor). The most common R factor encoded with resistance to four drugs (sulfonamides, strep-
tomycin, chloramphenicol and tetracycline). They concluded that the selective pressure ex-
erted by chemotherapeutic agents used in fish farms caused the high incidence of R factor in this
pathogen. Thereafter, studies on the occurrence of resistant strains and the effects of
chemotherapeutics on bacterial ecology in ayu culture environments have been continued by
them (Aoxk1, 1975; Aok ef al., 1980, 1981, 1984, 1985)77-81:,  The changes in drug resistance pat-
tern and carring rate of R-plasmid in V. engutllarum isolated from diseased fish (mainly from

Year 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

Chloramphenicol
(P

Tetracycline
(TC)

Streptomycin
(SM)

Ampicillin
(ABPC)

Colistin
(CL)

Nalidixic
acid
(NA)

Furazolidone
(NF)

Sulfa- )
monomethoxine

Trimethoprim
('I‘MP!)

Number of
strains examined

Fig. 1. Changes in drug resistance and R-plasmid of Vibrio anguillarum from ayu. (from Aoxi ef
al., 198581 *1 Percentage of drug resistant strains  *2 Percentage of R+ strains
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ayu) from 1973 to 1983 are shown in Fig. 1.

There have been very few papers reporting the practical efficacy of medication in ayu farms,
however, Kusupa ef al (198182 described an interesting case in which the treatment for
vibriosis with oxolinic acid and oxytetracycline often resulted in occurrence of another disease
(Streptococcus infection).

In Japan, the legal restriction for medication in fish culture was enforced in 1981, and ox-
ytetracycline, chlortetracycline, sulfamonomethoxine and furazolidone were allowed to use for
ayu vibriosis. Later, the tetracyclines and furazolidone were omitted from the list, and at pre-
sent oxolinic acid, nalidixic acid, sulfamonomethoxine, a mixture of sulfamonomethoxine and
ormethoprim, sulfisoxasole and colistin sulfate are permitted to use for the control of ayu
vibriosis (1988, Fisheries Agency, Japanese Government).

Vaccination

Studies on vaccination against vibriosis in rainbow trout were commenced in as early as the
1960°s in Japan (Havasmi et al, 1964; Sarro ef al, 1964; Hosuina et al, 1965)72.70.83)  In-
dependently of these studies the investigation on immunological prophylaxis against ayu
vibriosis was started around 1975 under the stimulus of the following two events: one, as a mat-
ter of course, was frequent occurrence of ayu vibriosis due to the appearance of drug resistant
strains, and the other was the success of oral vaccination against salmon vibriosis in the USA
(FryER ef al., 1972, 1976; Rouovec ef al., 1975)84-86),

The first successful result of oral vaccination was reported by Kusupa et al. (1978)87, and suc-
cessively, following the developments of new vaccination methods in the USA (Amenp and
FenDER, 1976; GouLp ef al., 1978)88.89 the hyperosmotic infiltration (HI), direct immersion (DI)
and spray methods were proved effective against ayu vibriosis (Aok: and Krrao, 1978; Nakajma
and CuikasaTa, 1979; Kusupa et al, 1980; Jo, 1981; Itamiand Kusupa, 1978, 1080)41,90,91,33,92-94)  The
injection vaccination was tried just for the purpose of comparison with the foregoing methods
(Aoxr et al., 1982, 1984)95:35.96) In addition to these studies which were mainly carried out at
universities, exhaustive trials on oral and immersion vaccinations were made at several prefec-
tural research stations from 1976 to 1981, and the results of these experiments were put
together by Mmnamr ef al. (1983)%). The methods and results of some representative trials of
these vaccination experiments in ayu vibriosis are summarized in three tables: Table 3 is for oral
vaccination, Table 4 for immersion vaccination and Table 5 for spray and injecton vaccinations.

In oral vaccination experiments, the protection against experimental infection was brought
about by administration of 0.1 g to 4 g (wet weight) of formalin-killed cells per kg (fish body
weight)-day for 15 days. The minimal required doses were reported 0.1 g/kg- day (Kawar and
Kusupa, 1983, 1985)%7.99 or 1-4 g/kg-day (Jo, 1981; Mmamr ef al., 1983)33.36, For the first
time, the duration of oral vaccination was reported to be 4 weeks at longest (Kusuba ef al,
1978)87), but later the efficacy was confirmed to last about 60 days (NaxajyimMa and CHIKAHATA,
1979; Kawar and Kusupa, 1985)90.99,

On the mechanism of oral vaccination in ayu, Kawar ef @l (1981)%% reported that the ag-
glutinin titer rose only in the body surface mucus of the immunized fish and that the detection
rate of the pathogen on the body surface of the immunized fish in challenge tests was significant-
ly lower than that of the non-immunized fish. They concluded that the efficacy of the oral vac-
cination was attributed mainly to the aggluninin secreted in the body surface mucus.
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Table 3. Trials of oral vaccination against vibriosis in ayu
Protection Rise in .
Author e Duration
(year) Immunogen Dose g&%ﬁi{;ge ?i?gmdy of efficacy
Kusupa ef al. FKC, HC, SC, 04, 4 g/kg-day Yes (WB) No (serum) 4w
(1978)87 FKC+FIA X1,2,4w
Nakanma & FKC 0.16 gx16d Yes (WB) titer 8 60 d
Chukanata (1979)%% (serum)
Jo (1981 FKC 1gx15d Yes (WB)
Minami el al. FKC 4gx156d Yes (WB) 3—-Tw
(1983)'
Kawai & Kusupa FKC 01, 1g
(1983 LPS 25mg <04 Yes (WB)
Kawano et al. LC 0.4gx154d Yes (WB) No (serum) 50d
(19848
Kawar & Kusupa FKC 0.1gx8~154d Yes (NC, WB) 59 d
(1985

FKC: Formalin-killed cells, HC: Heated cells, SC: Sonicated cells, FIA: Freund’s incomplete adjuvant, LPS: Lipopolysac-
charide, LC: Lyophilized cells, WB: Water-born method, NC: Natural challenge, Duration: Days or weeks after the final

administration of vaccine.

Table 4. Trials of immersion vaccination against vibriosis in ayu

Protection Rise in "
Author Immunogen B Duration
(year) HI or DI and Doge %?é]teillée(lr;ge ?ilggb()dy of efficacy
Naranma & CHianaTa HI FKB Yes {WB)  Yes (serum) 90d
(1979)p0r (7% NaCl) 10% X 3 min (titer 32)
Kusupa ef al. DI FKB : Yes (WB)
(1980 100% % 30 sec
0.05-0.5% x5h
Jo (1981)3 DI FKC Yes (WB) 8w
0.1, 1 g/8x10 min
0.1g/0x0.5-6h
Aok el al. HI FKB Yes (IP) No (serum) 48d
(1982)95° (5.32% NaCl) 100% X 2 min
Sumina (1983)100 DI FKC Yes (WB) 19w
108 cells/mé X 20 min
Mimvawmi et al. DI FKC Yes (WB) 2m
(1983)%! 1 g/0%10 min
0.1g/0x0.5,1h
0.01g/tx24h
Aok ef al. HI FKB, FKC Yes (IP) No (serum)
(198435 (5.329 NaCl) (107 cells/me) X 3 min
ECP, LC
(2 g/8) %3 min
Aokt el al. HI FKC, SC, LC, LPS Yes (IP) No (serum,
(1984)98: (5% NaCl) (10 ug/0)x 3 min skin mucus)
Kawano ef al, HI LC Yes (WB)  No (serum) 113d
(1984)98 (5.32% NaCly (0.94, 9.4 g wet/0) X3 min
Kawano ef al. DI LC Yes (WB) 60 d
(1984)101 (0.94, 9.4 g wet/8) x4, 8h

HI: Hyperosmotic infiltration, DI: Direct immersion, FKB: Formalin-killed broth, FKC: Formalin-killed cells, ECP: Ex-
tracellular products, LC: Lyophilized cells, SC: Sonicated cells, LPS: Lipopolysaccharides, WB: Water-born methed, [P:

Intraperitoneal injection
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Table 5. Trials of spray and injection vaccinations against vibriosis in ayu

. Protection Rise in o
e Imunogen Cllnge antboty  Dugton,
Spray
Iramr & Kusupa FKB (bentonite 0.15%, Yes (WB) Yes (serum)
(1978)%2! pH 3), 5-10 sec {titer 32)

Tramt & Kusupa FKB, FKB (bentonite 0.15%, Yes (WB) No (serum)
(1980)» pH 3), ECP, 5-7 sec

Irami & Kusupa FKB, HC, SC, 5-7 sec Yes (WB) No (serum) 16w
(1980)%¢

Injection (Intraperitoneal)

Aokt et al. FKC, FKC+FCA Yes (IP) Yes (serum)
(1982)%s 1.8 107 cells/fish (titer 4, 8)

Aoxr el al. FKC, FKC+FCA Yes (IP) Yes (serum 8, 32)
(1984)% 1.8 X 107 cells/fish No (skin mucus)

Aori et al, FKC+FCA Yes (IP) Yes (serum)
(1984561 0.1 me/fish (titer 64)

FKB: Formalin-killed broth, ECP: Extracellular products, HC: Heated cells, FKC: Formalin-killed cells, FCA: Freund's
complete adjuvant, WB: Water-born method, IP: Intraperitoneal injection.

The investigation into immersion vaccination in ayu were started according to the new vac-
cination system suggested by Amenp and Fenoer (1976)8, thus hyperosmotic infiltration (HI)
method with 5.32, 5 or 7% NaCl solution in two steps or one step was employed first. However,
HI method was found to give significant stress effects especially on young fish, and soon direct
immersion (DI) method without hyperosmotic treatment was proved to be by no means inferior
to HI method. In the early trials formalin-added broth culture was used as immunogen, and a
toxic effect of the spent medium on smaller ayu was observed not only in HI method (Aoki ef al,
1982, 1984)%535 but also in DI method (Kusupa et al., 19809, Then a suspension of the for-
malin-killed cells free from medium or lyophilized cells was chosen as the immunogen (Kawano
et al., 1984)%8.101

Both in oral and immersion vaccinations, lipopolysaccharide (LPS) antigen extracted from
V. anguillarum was confirmed to give enough protection, and it was concluded that the ther-
mostable antigen (O-antigen) played the most important role as protective immunogen (Kawai
and Kusupa, 1983; Aoxi ef al., 1984)97.96 Recently, extracellular protease produced by V.
anguillarum was demonstrated to play a protective immunogen by IP~injection vaccination in
ayu and eels. However, when ayu was immunized with the enzyme by DI method, the efficacy
of this protective immunogen was spoiled by the toxicity (KANEMORI et al,, 1987)192 . They con-
cluded that the unwashed cells harvested from cellophane-overlaid agar plates, which contain
O-antigen and an adequate amount of protease, gave better protection than the washed cells.

Various choices of concentration of vaccine and immersion period have been presented: for
example, 1 g(wet weight) formalin-killed cells/8 (=1 mg/m@=10° cells/mt) for 10 min, 0.1 g/
¢ for a half to several hours, and 0.01 g/0 for 1-24 h (Jo, 1981; Mvami et al, 1983)38.36),
Although the duration of immunity will depend on the doses, the efficacy provided by a single DI
vaccination lasted about 2 months (Jo, 1981; Minawmi ef al., 1983; Kawano et al., 1984)33.36,1011 op
longer (Sumipa, 1983)1007,
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Aoxi ef al. (1984)% reported in a study on the mechanism of immersion vaccination in ayu
that no agglutinin antibodies were detected in the serum or skin mucus of the vaccinated fish.
Aokt et al. (1986)19% suggested that the invading V. anguillerum might be eliminated by ac-
tivated lymphocytes, neutrophils and macrophages through immersion vaccination. However,
the whole mechanism of protection in ayu as well as that of the infection itself still remains to be
solved.

Spray vaccination, a variation of immersion method, does not seem so practical for ayu,
because the fish is very sensitive to handling stress.

Lastly, some minute points are discussed as below. In many experiments, strains belonging
to J-O-1 serotype were used as immunogens and disease agent in challenge tests. Although
polyvalent vaccines were tested in some studies on oral (Kusupa ef al, 1978; Kawano ef al,
1084)87:98 and immersion vaccinations (Sumipa, 1983; Kawano ef al., 1984)100.101 and no an-
tigenic competition was observed, cross protection between different serotypes has not been ex-
amined so far.

According to reported records, immersion vaccination succeeded in fingerlings of ayu as
small as 0.176 g (120 day-old, Mivami et al., 1983)3% and 0.15 g (Jo, 1981)3¥, and oral vaccination
resulted in good protection in smaller fish (0.063 g, 73 day-old, Yamamoro ef al., 1985)104),

Since the serum antibody titer was not detected or raised in ayu vaccinated either by oral or
immersion method, the evaluation of efficacy depends exclusively on challenge tests. Inthe ear-
ly stages of the study, varicus challenge methods such as injections, direct contact and
water-born methods were employed (Aoki ef al., 1982)%. But now, according to the detailed
studies made by Jo (1981)3%', Kawano et al, (1983)1%5! and others, the immersion challenge in 1%
NaCl solution with 106 cells/m@ of a virulent V. anguillarum strain for 3-5 min is adopted as the
generalized method (Minami ef al., 1983)%6).

Most of vaccination experiments were carried out at water temperatures of 17-20°C, though
some were performed at lower (10-17°C) or higher (20-26°C) temperatures (Mwawmi ef al.,
1983). Effects of water temperature on the efficacy of vaccination have not been examined due
to the relatively narrow range of the temperatures employed.

CONCLUSION AND PERSPECTIVE

As far as the procurement of seedlings for pond culture depends on natural fingerlings, it
seems impossible for ayu culture to be free from vibriosis, because seedling ayu, caught in either
marine or freshwater environments, habor the pathogen at certain rates (Muroca efal., 1984)%2'.  Under
these circumstances, business of ayu culture would not pay without the help of chemotherapy, or
even with it. Thus, another control measures which will bring forth more stable and long-lived
efficacy is wanted. Fortunately, immunological prophylaxis has been confirmed experimental-
ly to be available for controlling vibriosis in ayu, though the mechanism of protection in vac-
cinated fish has yet to be elucidated.

When commercial vibrio vaccines are introduced into ayu farms, it may well be that the
losses due to other infections such as Streplococcus and Aeromonas infections will increase, if
culturists rely upon the vaccines too much. Another predictable problem is immunological sup-
pressions produced by chemotherapeutics. For example, oxytetracycline was reported to give
an immuno-suppressive effect in carp (Ruxegs ef al., 1980; Van Muiswinger ef al., 1985)106.107:,
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So far as in ayu, immunological response induced by oral vaccination was not suppressed by oral
administrations of oxolinic acid (Kawar and Kusupa, 198509, The effects of other
chemotherapeutics on the immune response of ayu must be examined from now.

Recently, seed production of ayu has become prosperous in various prefectures. The seedl-
ings produced are generally released into rivers to strengthen wild stocks and some are
delivered to farms. Vibriosis also occurs in this seed production stage, and immunological pro-
phylaxis is expected to work effectively in this stage. The youngest stage capable of immune
response should be determined carefully as well as the development of lymphoid organs in ayu.
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