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athogenlc Vibrio Isolated from Cultured Eels—VI - -
Dlagnostlc Tests for the Disease Due to the » TR o
' Present Bactenum o h

Mltsuakl NI‘%HIBUCHI* Klyokum MUROGA* and Yasuhlko JO**

*Fac. Applied Bzologz_cal Science, _Hzrqs_lmna University, Fukuyama :
** Fish. Exp. Station of Tokushima Pref., Hiwasa, Tokushimq :

(Received -August 217, 1979)

.~ -.A search was mu(lc for the dlag,nostlc tests fm the disease of cultmed eels due to the pJ_e,ient .
hacteuum .

b s comldmed 1mposslble to differentiate the dlbense of eels caused by the present bactel um, -
by Sheans-of external signs of diseased fish, from that caused by other eel pathogens such as Aero-
monas hydrophila, Edwardsiella tarda, Vibrio anguillafum, and. Pseudomonas anguzllzseptwa :
This necessitates the lsolatlon and identification of the infectious agent for dlagnOSlS .

Positive proof was abtained that. the diluted rabbit anthem prepared against representatxve '
strains of the present bactert ium can be used for, dlagnostlc pmpose In a(ldltlon, a s1mp11ﬁed identi-
fication method by the use ofy ‘\PI 20k was shown. :

It was proposed that the dlsease of (,ultuwd eels causcd by the pr esent Vlb] 10 be named as v1br10
qls of eels ’I‘ype B; that due to V. anguzllaz wmn as Type A,

The authors have clarified since the summer of 1975 that 125
a bacterium isolated from cultured eels in Tokushima,
Shizuoka, and Kochi Prefectures is a new type of a bacterium
which belongs to the Vibrio species. (Muroga, et al., 1976 a, b;
Nishibuchi, Muroga, 1977, 1980; Nishibuchi, et al., 1979, in writing).
The epidemic disease of cultured eels caused by this bacterium
breaks out sporadically even at present. Our survey, which was
performed in April, 1979, at eel hatcheries in Tokushima Prefecture,
confirmed that the disease occurs in heated ponds. However, as
we will mention later, the diagnosis of this disease based on
symptoms and/or the cultivation of the isolated bacterium is

relatively difficult to make. It is considered that the disease

SEC 5-25T (Rev, 6/78)



is not understood correctly in terms of epldemlology. Therefbre,
we think that, in:order to halp the research of.the‘presehi‘
diseaee,'it it neceséary'to establish an easy and aceurate mefhod
of diagnosis about it.

As we haﬁe mentioned in the first report (Mnroga, et. al., 1976&),
in theAease.that the progress of the disease is reiati#ely slow, -
we could observe a characteristic swelling‘(Eig; 1-4) 6; an ulcer
(Fig. 1-B) onl the Ltrunk | of diseased eels which are |
contaminated by the present bacterium, and could sometimes,v‘
dlagnose from the symptoms.»‘ However, when the progress of the
dlsease is fast and many eels die in a short perlod, the. external
~:51gns of diseased -eels aféFz;iy red colouratlon of the skin on
| each fin, and the dilatation and congestion of the anus. (Fig. 1 .
C & D), These symptoms are 51mllar to those of heYﬂorPh6°1¢
.septlcemia, which occurs frequently in eel hatcherles in Japan,

‘caused by Aeromonas hydroph11a, Edwardsiella tarda, Vibrio

'angulllarum, ‘or Pseudomonas angullllseptlca. It is hard to
'differeneiate, from the exfernal eppeafaﬁces, the disease caused

by the present baeterium'frem heﬁonﬁwﬁsepﬁicemia.

| The above-mentioned well known foﬁr eel pathogens grow .
relatlvely well, like the present bacterlum, on a common’ agar

: culture medlum at 20-25 C. They are all short bacterla and have
a*‘@ramrnegatlve mobility. ' However, the present bacterium grows
faster than the other bacteria on a common agar culture medlum.
;Therefore, it could be possible to a certaln ‘degree to dlstlngulsh
it from the other four pathogens acaordlng to the. cultured state A
by experlence, but this is not always an accurate way . of Judgement. - 128

‘The ‘slide agglutlnatlon tests ~ of the present,bacterlum,
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with rabb1t ant1sera dlscussed in the prev1ous report

) .
'(lehibuchl, Muroga, 1980), ‘are examlned in the present report Lo sée
Awhether they could be used for the dlagnosis of the dlsease n culturad eels!
In addition, an API 20E System (Analytab Products), which 1S~sold . |
'co?merc1ally as a 51mp1e 1dent1f1cat10n k1t for intestlnal bacterla,‘

also

is dlscussed Lo see whether 1t could be used as a $uupl¢ method ,}éf

fof‘ 1dent1f1cat10n.

Materials and methods .

Rabbit’antisera: Antlsera against the representatlve three stralns .

of the present bacterlum, which were dlscussed in thé preV1ous)aﬁ;:
report, are used. a B
Slide agglutlnatlon tests. ‘A total of 49. stralns, which includes

\latl.ous

the present bacterlum, the other “types of Vibrio bacterla, flsh

‘pathogens, and Escherichla coli, is used for the tests. Two- plat1num
loopfuls (about 60 mg of ‘wet bacteria). of the cultured bacteria |
{grown on ' horlzontal agar culture media were taken out and were
rmadetofloat on the l ml. of phoSphate salty buffer solutlon (pH 7.0)
';ThlS was used as a reactlon ant1gen. The antlgen was made to react
'agalnt the ‘same amount of the antlsera on a concave glass and was “

Judged in three minutes.

1S;mple ident1f1catlon of eel pahogens us1ng API 20E°: An API”;
12OE is.used: for the simple 1 jdentification of »
pathogens from diseased eels. Strains 1solatgdegr:;h2;seased,cultured
‘eels in Tokushima Prefecture and other prefectures during 1971 through

‘1979 As hydrOphlla, E. tarda, Ve angulllarum, P. angullllseptlca,

which were among the eel pathogens dwwbd by Prof. R11ch1 Kusuda,,

Koch1 Uan., and V. anguillicida (tentatlve name), which is our

main subject of th;s-study, totalling 88 strains, were examlned.. o
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As 'a first step of our test, we examined six characteristic
items at &egenns level in orderrto identif&fthese‘baeteria easily.
That is, gram- staining characleristies cytochrome oxidase test, motility;‘
and sehsitivity to 0/129 were examiﬁed foliowing; : the‘conventionalgt
methods. Also O-F test and gas production from glucose were exam-
ined following  the simplified method of Walters & Plumb (1978).
Then; geing.tﬁe API 20E System, fol;owing.its test~procedure, RR
items (if tte above—mentionedvcytochrome oxidase teét is inecluded, 129.
23 items) of biochemical characteristics were exemined. In this
experiment, a floating solutinn of the bacteria;'whicﬁ were cﬁltured
at 25°C for'24'hours on a common agar culture medium (NaCl 0;5%),
wes inoculated and cultured at 25°C, The final Judgement was made‘

after 48 hours, (because most- reactions were weak in 24-hour culture).

Results and discussion

The slide agglutiﬁetion tests . of the preseﬁt pathogen and
the other bacteria in the control group were performed and the

. of the antisera
presence of peculiar and similar agglutlnatlve reactions were exgmined.

shown iw Table 3
A1l rabbit antisera against three representative strains“were used 1n
wndiluted, diluted (13 :5) ‘and. (1:10)" soluti ons. The results are shown

et the present pathogen.

in Table 1. A1l strains ™ vibrio show positive reactlons against the
Undxlutai and 1:5 dlluted antisera. However, some negative reactions
are shown against the 1:10 diluted.antisera\ Among the control group,
P, ‘putida ATCC 12633 and E. coli WP2 strains show strong positive
reactions ‘only against the anti-ET—Sl? and anti-Kv-1 sera. However,
after the absorlion ltests as shown in .Table 2, it became clear tH§t~
tﬁeee reactions were not the reactions‘bf'a-peculiar entibody,
against the preseﬁt bacterium. Fxcludlng these cases, there were.

no discrepancies due to the different samples of the antlsera. Except

the_V..fieeheri ATCC 15382 and A. hydrophilia ET-2 Straihs, rhlch ‘
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“showed positive reactions against undiluted antisera solution,

‘there were no strains which showed similar agglutinatiue'reactions.
Therefore, we conclude that properly diluted antisera against any
stra1ns could be used for the diagn031s. . \

" As a2 means of distinguishing the present pathogen from the
fabove-mentioned four types of bacteria, which have been known as
pathogens of hemorrhagic septicemia of cultured eels, a slide aggluti--
Anation test of antisera. against the present bacterium is useful.'

In order to conhrm this, we have performed slide agglutination tests
‘of ‘bacteria isolated from cultured eels idﬁZ}umsprefectures for -
.several years. Different kinds of isolates from collected diseased
eels were examined in simplified identification tests ‘using the

APY 20E'system.‘ Table 3 shows morphological and biochemical
prOperties of these isolates. As we ‘have nentioned before; we
tested 88 strains at first, but after the Step 2 tests using the .
APT. 20E system, 8 strains were excluded because of troubles :
in the preliminary identification. However, we .kept 24 strains of

the: present pathogen, 7 strains of V. anguillarum, 11 strains of :

A, hydrophila, 18 strains of E. tarda, and 20 strains of P.

~ anguilliseptica, to @ total of 80 strains, and used them in experi-

ments afterward; Among these strains,"lQ strains of the present

'pathogen, 3 strains of V, anguillarum, 4 stra1ns of A, hydrophila,

f4 strains of E, tarda, 20 strains.of P, anguilliseptica were tested

~ following the;conventibnal tests.for differentiation. The results
‘were confirmed to be-the same, as the results from the API 20E system.
Table 4 shows the. results of the slide a§glut1nation tests
of the above—mentioned 80 strains, usinéh;ndduted and diluted
(l:S)fsolutions of the anti-ET-7617 serum which is among the"anti~

. sera against. the present pathogen. As shown in the table;;While -
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all  the strains of”the present pathogen show positive
reactions against theumhhtdand‘diluted (1:5) solutions of the
ant1—ET—76l7 serum, other strains show all negative reactions
except A. hydrophlla, whlch showsa positive reaction against the .
unéxhﬁed solution. |

" The above.-results lead us to think that the antlserum
- which was used in this experiment cawn " be  used gor'
‘.serologlcal diagnosis of the present d1sease of cultured eels,‘p
: if it is diluted in 1:5 solution. However, we think that it is
“"necessary,ln order to maketheserological d1agnos1s more accurate,
to d§5the simple identification tests agalnst 1solates as in o
Table 5.6 As seeh in thls'table, in the conventlonal tests'
-at the genus level, it is impOssible to dlfferenciate the present

pathogen from v, angulllarum. However, if the API ROE system

is added to the tests, an identification with a relatively h1gh

rellabllity becomes poss1ble, because the present bacterium can
the

X bé eas1Ly dlstlngulshed from/other bacterla including V. angu1llarum.'

The authors reported 1n»the first report'(Muroga, et. al.,
HT1976a) that the occurrencesof thelepidemic disease of cultured eels
~A-due to the"present bacterium are seen.in hatcheries with salty water,
and only during the hlgh water temperature perlod when the water
vtemperature becomes more than 20°¢ or in heated ponds. In the
second report (Muroga, et. al., 1976b),-we clar1f1ed that_this«is A
based on a physiological characteristic of the present pathogen = 130
regarding salt and tenperature. The occurrences‘of the present
disease observed:afterward are llmited only in such hatcheries-

as descrlbed above.ﬂ These environmental factorsishould not be
“forgotten. in the d1agnoses of the present disease. Includlng these

factors, all-round dlagnoses should be made.
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In- flnlshlng this- report we‘would llke to prOpose a
name of the ep1dem1c dlsease of cultured eels caused by the

present pathogen; The epidemic d1sease of cultured eels by

“the present Vibrio was called, at first, ulcer disease. However, Y

as mentloned before, not all dlseased eels get ulcer formatlon

" on the body. Also in order to av01d getting mixed w1th the ”
ulcer disease of»seauzater«flsh caused by,Vlbrlo Spe (Kusuda,r
1965), we think that it is better to call it vibriosis of eels.

Furthermcre, in order to”diatinguish«it from vibriosis of eels

caused by V. anguillarum, we.would like to prOpose,to'call it

,vibriosis of eelsvape B, because V., anguillicida was once

called v. anguillarum_Type B. Tﬁerefcre, the disease by\*

V. angulllarum is named vibri051s Type A, and the disease Qy

the present vibrio, Type B,
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Table 2.

Fig. 1.

Antiserum
against

External signs of diseased eels due to the present vibrio,
A. Swelling suu'ounded by zone of hemorlhage in the dorso- lateral area of the

body

B. Putrefactive tlcer lesion on the body surface

. Red coloration of the head part.

C
D. Congestion of the anal ﬁn and dllatatlon of the anus.

Relahonslup of the agglutmogens of eel 1solate KV—l Escherlchm colz WP2

and Pseudomonas putlda ATCC 12633

Agglutmm tlter w1th the fomlahn-kllled cells of mgamsm

Adsorbed
with organism Vibrio sp.
' ~ KV-1
‘Unadsorbed . 1024
Vibrio sp. KV-1. <2
E. coli WP2 .~ . - 1024

Escherichia coli *
WwP2 :

Pseudomonas
putida

ATCC 12633

16
16
4




Table 3. Results of 31mp]1ﬁed identification tests of eel isolates

Eel Isolates 1dent1ﬁe as

Item -
Present Vibrio Aeromonas Edwardsiella Pseudomonas
vibrio  anguillarum hydrophila tarde anguilliseptica
24 strams 7 strams 11 st1 ains 18 strains 20 strains
Step 1 (Conventlonal tests for
differentiation)
Gram-negative short rod + + + + A+
Motility (Wet mount) -+ (L) + (L) -+ (L) + (W) + (L)
O-F test (WALTERS & PLUMB'S F F F F
medium**)
Gas from glucose — - 4 -+ -
Cytochrome oxidase test -+ -+ o + -
Sensitivity to 0/129 + + — -
Step 2 (API 20E system*?) . .
ONPG (= Beta-galactosidase) d (.96) -+ d (91) -
ADH (= Arginine dihydrolase) - + + - : d (.35)

LDC (= Lysine decarboxylase) -+ — _
ODC (= Ornithine decarboxyl) — - -

CIT (= Citrate utilization) d (.92) + + ; T

H.S (= Hydrogen sulfide . B
production) — - — . d (.50) _

URE (== Urease) d (.04) — _ - _ _ -

TDA (= Tryptophane o : . - B o

) deaminase) - P - - Coo

IND (== Indole production) . T T4 : -

VP (= Voges-Proskauer ' S o ,
.reaction) — e o4 — G

GEL (= Gelatinase) 4 + E — d (.20)

GLU (= Glucose utilization) ©  +- - + . . _

MAN - (= Mannitol util.) - + 4 - R _

INO (= Inositol util) — d(e) - e TS

SOR (= Sorbitol util.) = d(.86) - d<(.18) T

RHA (= Rhamnose util.) " — - - - .

SAC (= Sucrose util)’ C— + + — —

MEL "~ (= Melibiose util.) . Tl S d09) T e =

‘AMY (= Amygdalin utll) £ d(42) T d(.45) .- L U

. ARA (= Arabinose util.) - o+ .09y - N
OXI* (= Cytochrome oxidase) ~+ L4 I o .i,_'. — Lol
NO; (~ Nitrate reductlon) .+ - d(.58) . S g = :

*1
*2

*3
*4

GAS (— dltto) d(14) N S .

- all stlams posmve, '—; all strams negatlve, d ( ) elthe1 posmve or. negatlve (flequency of oc-'
currence of positive reactlon) (L) lmeal, (W) w1gghng, F: fermentatlve :
.WaLTERS and PLums: (1978). . IR

Glucose not utilized. = . S L b e e o -
Judged after 48 hrs of mcubatlon at 25°C : ~." & 'Fable 4. Result\ of 1ap1d slide. agglutmatlon
Same as. cytochrome ox1dase test A o S ¢ tests: .nzumst ‘various eel pathogens _

B th) }‘obblt antl ET- 7617 serum -

o ) e Reactlon wlth
- Bacterial &ntigen ‘rabbit anti-
’ . ET—761-7 serum

Species N‘f’ Neat Diluted -
‘ strains - e
N o ) ttsted . -
Presenbiibrio - ©94- 4+ Ty
Vibriv .eguillarum 7 = . =
Alrompnas » . o
_ hydrophila 11 do9 — o
‘Fdwardsiella - . - o ‘
. tarda C 18" - -
"}"seudomonns - N R .
ﬂn;{ullhsept:ca 20 - _

3 ullstlams positive, - ; all_étrains negative, .
d (): either positive * or. negative (fre-
. quency of occurrence of positive reaction).

e




o oo Table 1. Results of rapld Shde agglutmatlon tests agamst varlous orgamsms w1th rabblt antl-ET—517 KV 1 and ET—7617 sera

%

S e . R R RN Antlserumagamst .

. o .Bactengl_gnb}gen "-ET—V517-‘T T - KV— D o “ET.—7617‘

T Gteinmo. .- “Neat t " Dilut 4 Dlluted "Neat . Diluted . Diluted
Speqifes ‘ Stra1§ no. . Somjcg» o .Ngat ..Dilugedv Dilultgd Nea ..11058 1100 T 1:s 110
s N

'+

ET-517¢.7 - Eel
" ET-519 - do.
© BT-7605 - . - " do. -
“ET-7606 ©. do..
~ET-7607. - do. -
ET-7616 - .. do. -
L - ET-7617+ do, -
Vibrio sp. isolated- - ET-7618 = - do.-
‘from diseased eels -ET-7619 - do..-
- T ET-7T17 .- do.
KvV-1 ¢.°” do.
KV-2 do.
A ' do. .
ES-7601 " do.
ES-7602 do.
HM 11 - do..
HM 1-3- - do.

-+
SRS 3
£

’»1
T T

it

b

R
_{
.
+

SR N J}‘,+":

-+
€
}

i
A

1
b

b
R e

ik,

et

R
{-
b b

B R ey
it
R A
+

G 4 E

. ,.L. g

. ""ATCC19264 = Cod A
© L LS-174 Coho salmon
TV1669A ¢ _do. - ‘
- MsC-275 - do.
V. anguillarum . "PB-15 . Ayu
: » ‘ - PT-7601 - do.
ET-506 © Bel
o Er-208 - 0 odo. .
- HT-7601, . Yellowtail = -

V. fischeri - . CATCC 7744  Dead squid *
¢ - _ATCC 15382 .. - Cod .
V. parahaemolyticus - ATCC 17802 Shirasu food
: . poisoning - . -
V..alginolyticus V374 " Marine sample . - .
V. cholerae R " NIH35A3 _Outbreak of -
L .- cholera.” - '
Vzbrzo sp.*Y K3 S Ayus R
Vlbrzo sp.’ *2 ‘ RF-4 . . Rainbow trout . -
: RST-1 -, do.. < -
. " RF-7602° © 7 do..
Aeromonas salmonicida S e
" subsp. salmonicida . NCMB 1102 * -~ Salmon B
. subsp. masoucida - - . NCMB 2020 ",.\Japanese salmon L
A. hydrophlla ET-2- . ~EBel’ S
. "ET4 L ©.do.;
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