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Studies on the Taxonomy and Serology of Causative Organisms
of Fish Vibriosis

Yoshio Ezura*!, Kenichi TasiMa*', Mamoru YOSHIMIZU*!
and Takahisa KIMURA*®

*!'Laboratory of Microbiology, Fac. Fish., Hokkaido University, Hakodate, Hokkaido, Japan
**Department of Food and Nutrition, Hakodate Junior College,
Hakodate, Hokkaido, Japan

Two hundred nineteen strains of causative organisms of fish vibriosis, which were isolated
from various kinds of diseased fish cultured from all over the country, and 29 reference strains were
examined by means of ordinary taxonomy, numerical taxonomy, DNA base composition and serolo-
gical analysis.

One hundred and seventy strains (phenon I, see Fig. 1) isolated from coho salmon (Oncorhynchus
kisutch), ayu (Pleocoglossus altivelis), eel (Anguilla spp.), yellowtail (Seriola quinqueradiata) and
amberjack (Seriola purpurascens) were identified as V. anguillarum. Twenty five strains (phenon
11, see Fig. 1) were not identified as V. anguillarum, but were closely related to above taxon in many
characteristics. These strains were isolated from rainbow trout (Salmo guairdnerii), yamabe (O.
masou var. ishikawae) and amago (O. rhodurus var. macrostomus) reared in fresh water. Twenty
one strains isolated from ayu, yellowtail, red sea bream (Chrysophrys major) and anchovy (Engraulis
Japonica) could not be identified as any species in genus Vibrio, and many differences were observed
among them. The other 3 strains isolated from rainbow trout and ayu were identified as Aeromonas
spp.

One hundred and ninety two strains out of 195 strains identified as V. anguillarum and its related
organisms (phenon I and II), were distinguished into three serological groups according to the sero-
logical analysis of the somatic antigens. Serotype J-O-1 was comprised of 100 strains of V. anguil-
larum and 25 strains related to the species. One hundred and ten strains out of the above 125 strains
were originally isolated from ayu, eel, rainbow trout, amago and yamabe reared in fresh water.
Serotype J-0-2 was comprised of 11 strains isolated from ayu and eel reared in fresh or salt water.
Serotype J-0-3 was comprised of 56 strains isolated from ayu, coho salmon, yellowtail and amberjack.
Except the 10 strains from ayu in fresh water, 46 strains were isolated from the fish reared in sea
water.
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Table 1. Sources of collected strains isolated from fish vibriosis in Japan

Location
(Prefecture)

(0. masu var. ishikawae)
(O. rhodurus var. macrostomus)

rainbow trout
(Salmo gairdnerii)
coho salmon

~1 ot (Oncorhynchus kisutch)

yamabe
amago

Hokkaido
Miyagi
Gunma
Tochigi
Tokyo
Nagano
Yamanashi 1
Shizuoka
Aichi
Gifu 1
Shiga

Mie

Kyoto
Wakayama
Tokushima
Kochi
Ehime
Hiroshima
Yamaguchi

Total 21
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Table 2. Reference strains used
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Strain Specis name Donor
TUF V. piscium var. japonicus T. HosHINA*!
NCMB 6 V. anguillarum NCMB*?
NCMB 828 ” NCMB
NCMB 829 ” NCMB
NOAA V-775 V. anguillarum biotype 1 M. H. SCHIEWE*?
NOAA V-1669 V. anguillarum biotype 2 ”
NCMB 407 V. ichthyodermis NCMB
NCMB 571 V. piscium var. japonicus NCMB
LS-174 V. anguillarum J. L. FRYER™
MSC-275 Vibrio sp. ”
VA-6 V. anguillarum D. H. McCarTHY*®
VA-8 » »
VA-15 " ”
VA-28 4 ”
HO5 V. parahaemolyticus NIHJ*®
T-77-5 . T. Sasaki*’
K-5 ” ”
K-7 4 »
V-447 V. alginolyticus ”
IAM 1039 V. metschnikovii IAM*®
TAM 1080 V. tyrogenes IAM
ATCC 7744 V. fisheri ATCC*®
ATCC 25926 Beneckea campbelli ATCC
NCMB 391 Photob ium d NCMB
NCMB 1280 Lucibacterium harveyt NCMB
NCMB 1326 Aeromonas proteolytica NCMB
NCMB 86 Aeromonas hydrophila NCMB
NCMB 74 Aeromonas punctata NCMB
Es1 Escherichia coli HIPH

*1 Tokyo University of Fisheries, Tokyo, Japai:.

#*2 National Collection of Marine Bacteria, Aberdeen, Scotland.
*3 Northwest and Alaska Fisheries Center, NOAA, Washington, U. S. A.

*  QOregon State University, Oregon, U. S. A,
*5  Tavolek Inc. Washington, U. S. A.

*" National Institute of Helth, Tokyo, Japan.
The Kitasato Institute, Tokyo, Japan.

*

*

*

Institute of Applied Microbiology, Tokyo University, Tokyo, Japan.
American Type Culture Collection, Maryland, U. 5. A.

*10 Hiroshima Institute of Public Helth, Hiroshima, Japan.
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Table 3.

Characteristics

Bergey's manual
NCMB 828, 829

8th ed.
NCMB 8

—
[

Single polar flagellum -
Indol
MR
VP
Citrate utilization
Sensitivity to 0/129
4 novobiocin
Gelatin hydrolysis t
Casein » -
Tween 80 ”
Hydrogen sulfide
Acid from arabinose
” mannose i
” sucrose t +
» mannitol
” inositol
" salicin
Starch hydrolysis
0% NaCl
7% NaCl
10% NaCl
Growth at 5°C
” at 37°C
” at 42°C -
Arginine alkaline .
Lysine decarboxylase
Ornitine ”
Hemolysis of horse blood
Luminescence

e

d

LS 174

—

#1 d: different reaction given hy different strain.

*2  Percent of strains giving positive reaction.
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Main characteristics of Vibrio anguillarum and related Vibrio sp.
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Table 4. Main characteristics of Vibrie spp. not identified as V. anguillarum

Characteristics

V-12, 13, 14
V-15

o

Single polar flagellum t +
Indol . t
MR |
vP d -
Citrate utilization + -
Sensitivity to 0/129 -+

» novobiocin -
Gelatin hydrolysis .
Casein ” +
Tween 80 ” ot
Hydrogen sulfied
Acid from arabinose

14 mannose

” sucrose

" mannitol

” inositol - -

» salicin -
Starch hydrolysis
0% NaCl :
7% NaCl -
109, NaCl -
Growth at 5°C

” at 37°C - *
” at 42°C - -

Arginine alkaline -
Lysine decarboxylase +
Ornithine
Hemolysis of horse blood -+
Luminescence - -

” .-

Key, see Table 3.
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Fig. 1. Dendrogram based on average linkage of 103 strains.
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Table 5.

fu ¥ Vibrio B4 IRE O 5y M 7 0 w0z

and Aeromonas sp.

V. anguillarum
Vibrio sp.*!
Vibrio spp.*?
Aeromonas sp-
* See Table 3.
*2 See Table 4.
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Characteristics of Phenon 1 (V.

anguillarum) and Phenon II (See

Fig.1)

Characteristics

Single polar flagellum
Oxidase

Catalase

OF

Gas from glucose
Sensitivity to 0/129

” penicilin
Acid from fructose
” galactose
" mannose
” maltose
” manitol
» sucrose
” ribose
» lactose
” xylose
salicin
Gelatm hydrolysis
Casein 4
Tween 80 7
Starch »
Esculin ”
NO;
Indol

Citrate utilization

2, 3 butandiol
Arginine alkaline
Lysine decarboxylase
Ornithine »
H.S

MHT type

Growth in 7% NaCl
Growth at 42°C

GC mole %

Phenon
Phenon [ Phenon II
(V. anguil-
_ farum)
i +
1 4
F F
- T
— d
4 +
+ T
+ d
- +
- +
+ +
- +
- q
- d
- +
i -
+ d
+ —
@ —
+ —
H H
43-46 43-45
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Sources of collected strains classified as V. anguillarum, Vibrio sp., Vibrio spp.
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Bl =4, phenon I (i 4 8iC V. anguillarum
CIAE SR 63 Bk Bre ), TR Ky 7 il ok o
Vibrio sp. % &1; 16 ¥, ILixxHA@E Do V. metch-
nikovii 2 ¥k, IV (1xt#ii1 o> V. parahaemolyticus
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[ift (DNA-DNA homology) o #ita 5, X0 V.
anguillarum 475> 450> phenon T k4%
Wl 60T h & —fiER, DNA 4T85 F R
LM FRI I~ 5 B (5 &5 Phenon II
CHPSTR)Y W 248 L, iE % V. anguillarum biotype
121, thé#h biotype 2 35 - L REL TV %,

Lol Fig 1 ©hBh 5 & SEAU O R ik
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219 BT R TRERBLAC L2 H, ki V. anguil-

Table 7.

Differential characteristics of
phenon I and II (See Fig. 1)

Phenon
Characteristics —_— —
1 1I
(170} (25)
Indol (=) -
VP () )
Citrate utilization () -
Starch hydrolysis e =)
Tween 80 (G -
Arginine alkaline () )
Growth at 37°C +) (-}

: different reaction given by different strain.

+01‘—

809% positive or negative.

+or —: all strains posiﬁve or heéétive.
(+)yor(—): >80% positive or negative,
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itz
Table 8.
Strain No. GC moles %
Phenon I*
V-239 45.0
V-243 45.4
V-194 (LS-174) 44.6
V-170 44.5
V-231 43.6
V-244 44.2
V-9 (NCMB 829) 43.5
V-66 43.8
V-7 (NCMB 6) 4.0
V-8 (NCMB 828) 44.1
V-229 43.8
V-171 45.5
V-200 45.3
V-5 (TUF) 44.8
V-117 (NCMB 571) 44.2
V-197 44.2
V-123 44.0
V-81 44.2
V-118 43.5
V-196 44.3
V-198 43.9
V-220 44.4
V-213 44.6
V-104 (V-775) 44.1
V-148 45.6
V-116 (NCMB 407) 46.5
V-181 44.5
V-183 44.1
V-184 43.8
V-190 45.5
V-255 44.9
V-154 45.8
V-16 - 45.8

* See Fig. 1.

7 RN VN

Kiz% phemon 7 &b 45 ¥R LIR% %, DNA
GC = % %~ %% Table 8 (/R L1, Vibrio
JRZIRT 2 EHE T T 43~46 = % GC offie Rk
Ly, WER LTI G Lad b o & D F Ylkn g X
hizo 2h o % phenon iRz o T B4 DNA-
D 2 DT 0 HITHRET 5,

Lo ¥ ESOMES L B V. anguillarum (3
FERELEEEE A LB 2 B TH Y,
HENDRIE 7 (1971) % V. anguillarum, V. piscium,
V. piscium var japonicus, V. ichthyodermis o % %
#— LT V. anguillarum » Utc =
971} [ f % Jhdd

, 13X EVELYN

Wt U NYBELIN-SMITH (SMITH,

DNA GC moles percent of representative strains

Strain No. GC moles %,
Phenon IT*
V-236 43.6
V-207 44.1
V-195 (MSC-275) 44.8
V-105 (V-1669) 44.5
Phenon III*
V-1 (IAM 1039) 42.7
Phenon IV*
HO5 45.0
T-77-5 44.8
V-447 45.3
Phenon V*
V-224 45.2
V-134 44.9
Others
V-34 46.6
V-13 46.3
V-25 58.1
V-233 43.8
V-141 46.1
Es-1 50.1
ATCC 7744 38.0
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II % V. anguillarum > biotype 2 » -+ % SCHIEWE &
(1977) D43 .50 BAUMANN & (1978) o V. an-
guillarum % Beneckea anguillara >+ 2 &
”'Ht::o\ TR SO B ETH S
Do ElUbod LEPEOFUHRFR N LT AT
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Table 9 ;3% L h o4 XWILR B L D KU
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WML D L DR A M D, oD,
hzhs J-0-1 8, J-0-2 A, J-0-3 M L fit 2 =
LL Ut ok, BWElo I AR, O X O mism
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S BT % BT g S (1975), HEIL 5 (1975),
PacHa and KIEN (1969), HARRELL , (1969), JOHNSEN
(1977), STROUT & (1978) 7 & hihib, T hb
DR LG ELOREL 2 J-0-1,J-0-2,J-0-3 »» 3
O i & DA E R ER ORI TIGET 5 LR E A
4 ¥R LT Table 10 iR L7z, 2O KZABRE
roineige o A B, C AL fEii s e LILIIT Mgkt

Table 9.

Fh J-0-1, J-0-2, J-0-3 B HIM L, ¥/ PacHa
and KIEHN ) group 2, HARRELL 5 2> type II, JOHNSEN
o group I, STROUT &> 569 group (3 J-0-1 %2 H|
4L, HaRRELL K type I, JOHNSEN > group 2,
STROUT %> 775A group & J-0-3 Wi {1+ 7% 4,0
EEZBRD, Lo Lisnb J-0-2 WioHINT 2 2 4
ABAD ORI T B WIS e 1,
7 BEADRIFIABH L E DD group & DY
DUTREAITH o fo

HBEoX Sz V. anguillarum F ok OBIIED
bk &, EDHUMIGC X 5 B ORPE, 30 |ﬂ1,
s hs o &ml P)/’/-,_/;m

[ o B QLIS Y- 1Y 219 th £ umm phenon I
Ficdrt V. anguillarum 53 HIX 72 170 FiL 3 F
DMBIRAER R E J-0-1 %z 100 # (58.8%), J-
0-2 iz 11 ¥ (6.56%), J-0-3 K= 56 1% (32.9%)
TS Rfe 2 S R BRR UK S0 808 SIS et

B EM UL Table 11,2 ¢+ 28 <7, J-0-1 Wiz #y)
SRICHHD 85% (IR RSB kTR, J-0-3
TR X AR R 82% 11K S kT R -
R S IFRGE T V. anguillarum &
T D OB EITRR B st H L & L 2
phenon II iZ5p¥ix e 25 Bk T~T J-O-1 Wiz
AER, M eb b S Om» 52 V. an-
guillarum & 8L 352 L 5B kI 572, iiidhod &
SILIhOIT N TRKME ¥ BRI TH 5, +
DAho> Vibrio spp. 45k U Aeromonas o> 24 Hiz+
NTHBIRETH 72, 202200 O fuyi sl os g
AR B LT Table 12 12 % L #o, il
phenon I 2 &S hic 7 =R OWEHL J-0-1 Ko

Slide cross-agglutination tests with antisera NCMB 6, PTe-1 and NOAA V-775

after adsorption with heterologous cells

Serum

Antigen

Adsorbing —

strain J-0-1

J-0-2 J-0-3

NCMB 6 NOAA V-1669 V-123 NOAA V-775 V-106

NCMB 6 V-123 (PTe-1) -

NOAA V-775 -
NCMB 6 -
NOAA V-775 —

PTe-1

NCMB6 =
V-123 (PTe-1)

" NOAA V-775

NCMB 571
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Table 10. Comparison of serotypes of other workers with author’s serotypes
ﬁiiKITAr(er;?ti ;11. ;J;JIJA 7et al. PacHA & HAIVmVi:eit;l. JOHNSEN  STROUT ef al.
KIienN
(1975) (1975) (1969) (1969) 1977) {1978)
Group 1
(Northwest
salmonids)
Group 2 Type 11 Group 1 569 Group
{European) (winter
J-0-1 A I flounder)
NCMB 6 NOAA NCMB 6
NCMB 829 V-1669 NCMB 829
J-0-2 B I
Type 1 Group 2 T75A Group
J-0-3 C Ir NOAA V-775 NCMB 571 (coho salmon)
Group 3 Group 3 507 Group
(Pacific (coho salmon)
herring) NCMB 1336
Table 11. Serological typing of collected strains classified as phenon I, II, and others,
and relationship between rearing environments of fish and serotypes
No. of Rearing er:v;;b;)mér;t; ;}‘}ish
Phenon* Serotype strains
%) Fresh water Sea water Sea water~ Unknown
Fresh water
J-0-1 100 85 9 6 0
(58.8) (85.0) (9.0) (6.0)
I J-0-2 11 2 4 4 1
( 6.5) (18.2) (36.4) (36.4) ©.1)
J-0-3 56 6 46 4 0
(32.9) (10.7) (82.1) (17.1)
Unknown 3 2 1 0 ]
(1.8) (66.7) (33.3)
J-0-1 25 25 0 0 o
(100) (100)
J-0-2 0 o 0 0 0
1I J-0-3 0 0 0 0 0
Unknown 0 0 0 0 0
J-0-1 0 4 0 0 o]
J-0-2 0 0 0 0 0
others J-0-3 0 0 4] 0 0
Unknown 24 7 17 0 o
(100) (29.2) (70.8)
* See Fig. 1.
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Table 12. Soruces and serotypes of collected strains classified as phenon I, II and others

Rearir:g environments of fish

Source
Phenon* (No. of Serotype Fresh Sea Sea water~ Unknown
strains) water water Fresh water
J-0-1 84 9 6 0
ayu (124) J-0-2 10 1 4 4 1
J-0-3 14 8 4 4 0
Unknown 1 1 [} 0 0
J-0-1 1 1 0 0 0
eel (3) J-0-2 1 1 0 0 0
J-0-3 0 0 0 [ 0
Unknown 1 1 0 0 0
I coho J-0-1 0 ] 0 0 0
salmon (12) J-0-2 (] 0 [} 0 0
J-0-3 12 0 12 0 0
Unknown 0 0 0 0 0
J-0-1 0 0 0 0 0
yellow J-0-2 0 0 ] (i} 0
tail (30) J-0-3 29 0 29 0 0
Unknown 1 0 1 0 0
J-0-1 [} 0 0 0 0
amberjack J-0-2 0 0 0 0 0
1 J-0-3 1 [} 1 0 0
Unknown 0 0 0 0 4]
rainbow J-0-1 25 2 0 0 o
II trout (19) J-0-2 0 0 0 0 0
amago (2) J-0-3 0 0 0 0 0
yamabe (4) Unknown 0 0 0 0 0
ayu (6)
rainbow
trout (1) J-0-1 0 0 ] 0 0
others anchovy (13) J-0-2 ) Q 0 0 0
yellow J-0-3 0 0 0 0 0
tail (3) Unknown 24 7 17 0 [}
red sea
bream (1)
* See Fig. 1.
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Table 13. Serological typing of reference strains

étrai:;

-tk

e KEEA

Phenon Species name Serotype

NCMB 6 I V. anguillarum J-0-1
NCMB 828 I I3 I3
NCMB 829 1 2 »
NOAA V-1669 I ” ”
MSC-275 II ” I3
NCMB 407 1 V. ichthyodermis Unkown
NCMB 571 I V. piscium var. japonicus J-0-3
TUF I » »
NOAA V-775 I V. anguillarum ”
LS-174 I ” »

VA 6 I 7 ”
VA-8 I ” ”
VA-15 1 ” ”
VA-25 I " »
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