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1 nventor

1 Novel bacterium and vaccine. The present invention
relates to a Gram negative pl ei onorphic rod-shaped
bacterium causing Big Belly disease in fish, to a -
mi crobi ol ogi cal culture conprising said 5 bacterium
to a vaccine derived thereof and nethods for the
preparatl on of such a vaccirde, to antibodies reactive
V\:H[ 133 t bact rlungé to diagnostic test kits and to
Vel REECHFU AN YA eri um  Over the last decades,
worl d-wi de a strong increase is seen in the

consunption of 10 fish. This equally regards the
c She prepart amfenflomtﬂlaiewtaﬁ@@r%ﬂ%welamﬁvm'smﬁﬁdmtenm

BB BB o 0 gl RS B3t i

- Ob&tIRIM, a0 d veeihaderted theoh slﬁiqmetmods foahd psrep&rm'ml dfascha

been seen in the number and the size f fish

i Ycsingelo angbediet repet iRy bR THER & dggnashic tﬁ%@ﬂ@&nd to the

Qseﬁshlﬁbégtg%from e.g. animal husbandry, |arge
0

noer's animals living closely together are
vul nerable to all kinds of di seases, even diseases

hardl known or se or even unknomn bef or e
%? qsb@egec?scwpﬁd-evé%wan&m?rsf'f%%een Fhils CP&SMPHOH of

eﬁéﬁall“hys gﬁﬁ@ I%gétﬁs ke cfohsﬁ.lgrﬂcf tidh 'ergld WHeRERNE] Xo sahﬁéh turbot,
sefved an un di sease in juvenil
Asilibnt areladvd sand( thaptied fislealchas Afsen)scilass tll‘ammmllis‘lﬁah yellowtail,

hat.chery in Indo({1 .a in the region west of Jakarta.
NBRREZIAF fr ST ARSE a0 Vgﬁlacal ly in early weaned fish at

al o E&s@@uén@e 30 A3 ¥ssc RRShech 3t & M8e nurfbertafd the BAERITfish Farms,

tinme, had an approxi mate size of nore than 22 mm

iin okdem @ meettBe invi¢asiag nyedstof eesmerrelught t hat t he

nortality could be caused by inconplete nut ri tion of

the larvae during the live feed feeding (i.e. rotifers

%‘@Jsﬁbﬁzﬁ‘@m e Bt 48R FushBidey, TRde nuﬁ:@eﬁ@fhﬁﬁa‘iﬂ@nhg ¥@sely
feed wth essential fatty acids through enrichment of

tthgethénage mla@tabwto hll kinds of disehseso @ven disgases hardlykpewe ar seen,

et Fpoipoudoi ity fhels! Budt S fla KBl Htng Tl e canally

hm@a\é@ﬁnﬂgifaﬁﬁﬁfg.ease the final

Recently, the inventors observed an unknown disease in juvenile Asian seabass (Lates

* calcarifer) in a commercial hatchery in Indonesia in the region west of Jakarta.

Mortality arose typically in eérly weaned fish at around 25 to 30 days post hatching.
At that moment in time, fish had an approximate size of more than 22 mm in length.
Tnitially it was thought that the mortality could be caused by incomplete nutrition of
the larvae during the live feed feeding (i.e. rotifers and Artemia). Attempts were made
to enrich the live feed with essential fatty acids through enrichment of the live feed
with squid and cod liver oil. This only resulted in a delay of the onset of mortality, i.e.
mortality arose at 40-50 days post-hatching. It did however not decrease the final
level of mortality. |

It was therefore assumed that the disease was not primarily caused by incomplete

nutrition.
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30 level of nortality. It was therefore assuned that

the di sease was not primarily caused by inconplete
nutrition. E! P FfF 2 Therefore it was decided to
further investigate the cause of this disease. This
case showed sone resenbl ance 0 the follow ng case in
1997-1998, in a seabass hatchery in Indonesi a,

mihegrey Vs PRt FETRE AR AR PPNl E.

fish were found to have a slightly swol |l en abdonmen and
showed sl uggi sh swming. In the fjsh, bacig ri139-9l8i ke b
nglawa@nﬁbovced someysseEmtlapettn s fgHo NG @0 gt £ In a seabass

aﬁaagilxs ' ﬁjslngg%es{ 3 Wsﬁo%ﬂ?&%ﬁ ldfégztisg veHs QUeAtiR %@a%a%s. The mortality

cause | Sease renunal ne an
URSEH A0y Sitin . weEla,emdaﬁﬁciediish beenfouep torhayd atslightly swollen

T

S TR U, B g s

r @ganitinngodke ¢dnee ofdhsdiasme Inaaalb@b:lm wnsdlbved rrefstear die case has

that att f dth f th
deseh xemeren 2y datioma . e lg Tn g wan Avin g BEGR
WL PRO:S EORO(YL‘uQ iat:f%?da%ﬂéS}iFisﬂ EleAMIe Réctioh, Aiim@ Fisheries

enignati c di sease as wel as vaccCl nes alnlng

chrdnfy |Mgm&1'(60@ﬁ)e'i7@ﬂ'ﬁlbn§; aftear §neselgdgs, no ﬁnﬂ@bwpmnaoi]@e
2Rk BRSO R TR R s o G U PRR BB

N, BGgReget er m ned that the causative agent of this
disease is a G amnegative pleionorphic rod-shaped
bacterium conprising a 16 S rRNA gene of which the

oS iecGiye BUEE ar ety SuBiof (predloe BEphlante Qbsyof i |
r@i’&émﬁ[&ﬁ&!a@ﬁs\’we‘!p& Virdifled :ﬂﬁnﬁgd@ﬂ ettty apreventngshe disease.

depicted in SEQ D NO 1.
Moreover, it is an objective of the present invention to provide means fo detect and

identify the causative agent.

Tt has now been determined that the causative agent of this disease is a Gram-negative
pleiomorphic rod-shaped bacterium comprising a 16 S rRNA gene of which the
nucleotide sequence has a level of identity of at least 97 %, preferably 98 %, more
preferably 99 % and most preferably 100 % to the nucleotide sequence as depicted in
SEQID NO 1. '

SEQ ID NO 1 shows the nucleotide sequehce of most of the 16 S rRNA gene of a
bacterium according to the invention. With a level of identity is of course meant the
level of identity of the sequence of SEQ ID NO 1 and the corresponding region of the
16S rRNA of the bacterium of which the level of identity has to be determined.

It is therefore considered that Gram-negative pleiomorphic rod-shaped bacteria

causing Big Belly disease in fish, of which the nucleotide sequence of the region of
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SEQ ID NO I shows the nucl eoti de sequence of nost of
the 16 S rRNA gene of a bacteriumaccording to the
invention. Wth a level of identity is of course meant
the level of identity of the sequence of SEQ ID NO'1
and the corresponding region of the 16S rRNA of the
bact eri um of which the level of identity has to be

det erm 30 It is theref ikder NO 1
il GTA e E € 1 § PRSAE dEpoa sEQ D

C R4S RGe1BirccRaly tHatdk SEIBSE 9T b, fpieflrablyfoswhj moretpiveferably 99 %
nucl eoti de sequence of the region of 3 .the 16 S r(JiQNA din
gemdmosmrefersblydiONg/e idsentipdl 19 Habot faRAILEOHE SPRIEES P BES

I as .a | evel [ | [ b 97

o ERIOND b Py s i el b dpgl g etancRace,
preferably 100 % identical to that of the nucl eotide
sequence as depicted in SEQ I bel o tqQ.. . )
ke, BBy EePUTIAR SORATHGTEG: FRS RS RRTs HgipBropic ro

f | i | @l beRteri ise a 16
i SRR B0 Bl 08y | o L o s comprics
C SuRNAGedRe 9f Baidhythehsdeside sequehshhastadesi af ideetityHf eleps 97
conprise a 16

- S whi ch. th | '
CEpesiaabinsd % mesvarelsle b oy i gy g3 e
PL& &)rtﬁgl%qu%g%?/%s/oc{égfc?ed%gwmm P9 % and nost

pretfera the 10 hucl eoti de sequence as
depicted in SEQID NO 1. A typical exanple of software

suitable for. the deterninatjon of .the |. f dentity i
| Adnpealpxpaple éf’%@%fﬁélm%?‘? f%@%@? %‘m?%aél?i{?gh% level of identity is
SBLI RS NIT AIRSGEDEH e FXPSlifys &s ddribEdiartsmmple 7.
sﬁ%r‘{%g nore than 97% rRNA identity are considered to

bel ong to a single species (VanDame et al.,

M.crobi ol , Revi ews, 60407543 . :
PR ET A R B Koty REP ARl i belons © a singe
P%ﬁbﬁmﬁma&mﬁ@&ﬁb MABHbIdI ARG EEWI60: A0T-ABE(1APE))0 t he

i nvention depends on a PCR-test using prinmers that are

20 specific for the 16 S rRNA gene sequence of

bacteria, according. tg t ' i..on. i oBES ro@khaped
oAnERe ALFSERGeHER ] S U e RS Fgih BAR yog shap
VigdceriugPhR6td@sk folhe ivehtiorsupends an SBCR4ést using pfiorers thet are
novel bacterium They specifically react .with the 1[6
Ssperifia focthe 161 TRAGA geneseqRuce 6F PRARTRACCHGInEP e PRgHon
o{"he%le 8?11%'»3}/5, of WhlcEthe sequence is depicted in SEQ ID NO.: 2 and 3, were
selected for their specific selectivity for the novel bacterium. They specifically react
with the 16 S rRNA gene of the novel bacterium but not with that of closely related
bacteria such as Photobacterium spp. and Vibrio spp. that do not belong to the
bacterium according to the invention. The test, which is described in more detail in

“the Examples section, is a standard PCR test.

It is therefore considered that Gram-negative pleiomorphic rod-shaped bacteria
causing Big Belly disease in fish, of which the 16 S rRNA gene reacts in a PCR
reaction with primers as depicted in SEQ ID NO.: 2 (BBF-1) and .3 (BBR-4), to give a
PCR product of 903 +/- 15 base pairs also belong to the novel bacterium according to

the invention.
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bacteria such as Photobacterium spp. and Vibrio spp.
that do.not belong to the 25 bacterium according to

the invention. The test, which is described in nore
detail in the Exanples section, is a standard PCR
test. It is therefore considefed that G am negative

pl ei onor phi ¢ rod-shaped bacteria causing Big Belly
disease in fish, of which the 16 S rRNA gene reacts in
a PCR 30 reaction with prinmers as depicted in SEQ ID
NEhys, e RBEmbbdAREt Jsé BEReskb, Grﬁm-@gmeqﬂel@fﬁﬁrmn@mdeihaped

of 903 +1- 15 base pairs al so bel on

blaectesinicawsizrBigrikllygliseese intish ofwdeh 18 sr ?{-ﬁfg §enet facts ina
first di t al ;.
e TRl AR SE AT AR g R ot

dbf3®3sie- 19bdst pirs. of which the 16 S rRNA gene reacts in
a PCR reaction with priners as depicted in SEQ I D NO
2 and 3, to give a PCR product 5 of 903 +/- 15 base
f Rt plbRbesided-
ﬁ%‘gj jtglhgé)?[ %%ﬁg@ﬂ?eﬁ{reh gstosha edgggactpen a P
I\gémcﬁng caﬁ,hﬂg/B@ Ma&hsaasa ihifish, ofothwmth@ri 6tk 4 gene has a

o] 58 sl e ERETY 5 SARL o P ilmos

er&fec ggioo 9%%% é’rB%ﬁ%ﬂ? Elédlglelf&tab aﬁ?lgﬁ& HPBBQ IBSNO 1 and of

gehieh tRaGtSrRNA geﬁKRactem:a PGR redctinn prthmsinsera s depsted SEQ .
|nSE IDNO2 a t.0 r ct of 903
3«%@53@%@1‘43 é%ﬁai’%’dﬁﬁ%’é\ﬁﬁ? Q? &SR@% aglllrém of this

errbodl ment, the bacteriumaccording to the 15
invention is in an inactivated form for reasons Whl ch

Vil mde pesfitrad foed dféhie wmbbdiment thedacivgra 35¢

s s T R s g

reasons which will be explained below. 20 It is one

of the nmerits of the present invention that the

Hntaheﬂhemourmlmcﬁme@ fargeef this eapedimest, thescifryEn ARofliag to the
b det
ottioatd S IR ateRed f B BRG yART y BE G b Ron.

f ound and coul d be denpnstrated to be of bacterial

origin the disease could deliberately be induced and
tihis ong pf teimeritgnithefpresgat invention that the hitherto unknown causative

agent of the disease has now been unambiguously determined, confirmed by Koch’s
postulates.

Now that the cause of the disease has been found and could be demonstrgted to be of
bacterial origin the disease could deliberately be induced and the typical signs of the
disease described hereunder are frequently noticed.

Up till now, the disease is seen in Asian seabass. It is probably only a matter of time
before the disease will be demonstrated in other cultured aquatic species.

During a typical outbreak, the mortality-lasts for about 1 to 3 weeks in fish from 0.1 g
to 5 g. The survival rate is lower than 30% and may even drop to 0% in the worst

case. All batches of fish can be affected and the di_sease appears to occur throughout

the year.
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25 di sease described hereunder are frequently noticed.-
Up till now, the disease is seen in Asian seabass. It
is probably only a matter of time before the disease
will be denpnstrated in other cultured aquatic
species. During a typical outbreak, the nortality

| asts for about 1 to 3 weeks in fish from0.1 g to 5

. Th | t o
gwwcﬁb'sgé %’%/F%Fﬂﬁ 9@95’ ‘t?”ﬂ% ges‘{gzgﬁ 1?9’ bat ches ogflﬁ?%nd thin

CamilD thedhd &*}ttﬁv%@ﬂ?étﬂshtlﬁ ehedtiers s apffeced andead cegerly. Normally
thr oughou he

|
bﬁ@lSnmllwtﬁhh e st emestar fian ot sad BarRe RaTh FRNEVS: i
th he g
uﬂét'fqdeogg %lg?ﬂsfggllg;té? a§/H(dél\lorc|)‘§a ?lgbéfthﬁge snﬁ??g‘gt :

fish in a batch or tank start di spl ayl ng the di sease

i A ngtéd Egmmﬁ:l;@y éﬁ%\g Elg pﬁtﬁgla 1?@3% fétgg’% ng 4 e}' 93 a\@!ttje éfq&l%tches,

e

pamEish bRsk imteall iofikespitgathtir nmnaéhmwmslml@ro ﬁgbsgﬂlpqnﬂy they stop

P%&gaﬁmg E%g%h%gqraélgvg | tglnml'afﬁh { urﬁr@'ﬂ%%}rgﬁé and can be
%8 gésb%%é(y fr%)lElﬁMe neatr ond BRfdm b@e taikl Sseediently the

econes ver [ arvae StO SW mmi nq’baniﬂ'gﬂﬁ
1£b<fommdwsﬂ$)ansﬂ)ﬂyemd‘ ﬁslnman he sepnas ) a@&ellfhﬁs of gyrs the

_the tank Subsequently the abdonmen swells visibly and

digan be seen as "Big-Belly" fish. Wthin hours the
“rﬁé‘dﬂéage 1(%%% Hidsgass.Bg IRASTS;HasingnE@RR), Bugrdeting to one of

Syndro thus referring to one of the specific

sﬁ@mpeomﬁc sipes s@thcjsyndeqm@,rtieewlsﬁldagbéthg belly. 15 The

~following internal pathology is often seen: the

internal organs are lunped together in an

' Tﬂé Rhilo %&g ShaRl19afRisEy M éftnskebighhe itamalrdigge srd Inmphé

| tver and Some parts of the di stlve trac:t

dtcgeﬂhagw aglindikiéx)guishable spasewith s agq.ﬁ% &C@Vﬁa and some
| | 3
el @it GRS ﬂﬁﬁn%%aﬁ%“*m%%ﬁésﬂ Rty

a0 vel; 9aShRd oﬁgh% hAMEESifed in an apparent mass of fat with yellowish and

whitish apparently auto-digested substances.

- The newly discovered causative agent of the syndrome is now determined to be a
Gram-negative rod-shaped bacterium. The novel bacterium is found both freely
ihfb etween the tissues and intracellular inside host cell, apparently in vacuoles. The
novel bacterium is, although highly pleiomorphic, genefally 2-4 um long and 1-2 pm
wide and often contains an intracellular vacuole that typically stains red in a Giemsa

stain.

An example of the novel bacteria (BB E3F1) has been deposited with the Collection
Nationale de Cultures de Microorganisms (CNCM), Institut Pasteur, 25 Rue du

| Docteur Roux, F-75724 Paris Cedex 15, France, under accession number _CNCM I-

- 3257.
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The newly di scovered causative agent of the syndrone
i's now deternmined to be a Gamnegative rod-shaped
bacterium The novel bacteriumis found both freely

i n/between the tissues and intracellular inside host
cell, apparently in vacuol es.gThe 25 novel bacterium
i's, although highly pleionorphic, generally 2-4 m |l ong
and 1-2 m w de and often contains an intracellular
vacuol e that typically stains red in a Gensa stain.
ATHEXNPh &t @funt BEoRME hhﬁ@ﬁcﬁﬂrﬂ@oévﬁ@p&ﬁiﬁl)v[dsasf itmelérS
deposited with the Collection 30 Natlo g& that
Cribesomab Rifel Wﬁd@ﬁ@%ﬁﬂ%?ﬁ?e Pexosep. deterrainen gnd g pf o

25 Ru

F?egﬂgrgceq% éSDﬁ?epéc éége%l 40 % éﬂg\/l%‘%l Qpﬂ@f&l QhEEIJ['Iilse
ngggkicmmewemmbamrv@&ntoommdmmmm ummmlcgdgcﬁle@d
Most of its 16 S ribosomal R ‘%Th‘%eﬂe se va%lable 16
haeneréwacigs rabrie pebPhaiabadrsingn t
t | hﬁf fth

| BERNEeE R g%@éf?ﬁ#ﬁ?ﬁfﬁ’f%‘éﬁ@ Spefics Wi hitof the

CB&Muﬂdadbbth@M&he pﬂeeemnsﬁenmtmeéq}s 2 wlaxivaym level of 1dent1ty of

ener al/ speci es: _Vibri o. and .Phpt obac r|u
?3%ﬁ@f uf¢rareiqe). GRPaPATisen Fithghe Qirresy %Iecg ence

ggx&ﬁcy@fﬂhg YRl %Bhag}ge%fes %mmcal@@mmﬂ lhvéllaaaideﬁﬁtytdf@s%

erium accor resent invention reveals, a

nﬁ'&m Vffaviadisel fmﬁzsudﬂdnﬂ Wnyjikus)g’Bajz&q t shows thgém@bq)@égntlty of the
th tl I
166 S akivdrias obeoteliplGin WHbiHis S Bl ol RS

maxi rrumlevel of identity of 95% (for V. f1uvi alls,
V.furnisii and V. vulnificus). Table 1 shows the |evel
of identity of the 16 S rRNA gene of the novel
bacteriumw th various bacterial famlies/species. tp
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8 As can be seen in the dendrogram bel ow, the novel
bacterium according to the 'invention, the cause of
Big Belly Disease as exenplified by three different '
Big Belly strain isolates; 29°h, BB E3F1 and BB
SB-3, forns a distinguished species, clearly apart

f the b i a of ¥ :
b FAROISERSPR 5% 6 RGP (IS Leeiat ) etppdff o he
;ﬁn%ﬁt]%na@lg. chiiRBs ﬁj%?%iﬁ@ HaRaGt:e bk @gplified by three different Big Belly

eur.opheurmnl ae (0.0296) H. parasujis (0. 0401g
Mtraﬁlﬁﬁm_ﬁteﬁﬂ(?;g&ig',(l)BBBﬂ anl BPHGt-aefopms a@iipgished specics, clearly
pneunpni ae . olerag.T asikafliC 3
Fepact e Medcisaroeed SR eSS B Bl 2 inircEs)
( Pra DR R b3l b1k 800PYrio B BmIné DhDBAYENGe,
fTuvial s ATCC33809T (0.0039) V. fumisii ATCC35016 T
(Ol. 003_62JI XTC\(/:gl ni fi cus ATCC27562T (0.0110) V.
spl endi dusATOC33125T,( 0. 028 iacld7Bo@ioogd)| ¥, a typi cal
tPE:S— ﬁg\s/zld tgaN appl i bsulk PR4gHySCri m nati on between

g ster | ym a %Eaa@_q;%4zo the i nvention and

ot HeT—pat hogens coll & be based Upon t he w.f R‘I"!afﬁ

. _ . 064
The priber settobe—ysed in the test is Ei %B(O‘LNO)
(s e bel ow): 15 BBF 5 TGAGIAATGCCTAGS 8A For war d

V.cholerag T asiaticus (0.0333)
P. damsellae damsellae ATCC33539T (0.0353)

BB 29th (0.0000)
__lBB E3F1 (0.0000) .
BB SB-3 (0.0011)
V. fluvialis ATCC33809T (0.0039)
{‘{v. fumisii ATCC35016 T (0.0046)
V. vulnificus ATCC27562T (0.0110)
V. splendidus ATCC33125T (0.0287)

Basically, a typical PCR-based test applied for the discrimination between the novel

bacterium according to the invention and other pathogens could be based upon the

following:

The primer set to be used in the test is BBF-1/BBR-4 (see below):

BBF-1 3 TGAGTAATGCCTAGGAACA | Forward
BBR-4 5" TCTCCGCTGGCTTCTGTA Reversed

A small portion of a colony, but at least 10 cells, preferably 10° cell (volume about 1

ul), is to be picked from a suitable agar plate (see Examples) and transferred to a tube

~ containing puReTaq Ready-To-Go PCR beads dissolved in 23 ul of double distilled

water (Amersham Biosciences Cat no. 27-9558-01). Subsequently,.O.S ul of each of
the primers BBF-1 with BBR-4 (10 pM stock solution) is added. The sample is

subsequently run uSiﬁg a thermal cycler with the following settings:



10

15

20

- 25

30

- BBR-4 5° TCTCCGCTGGCTTCTGTA Reversed A small portion

of a colony, but at least 10 cells, preferably 103
cell (volune about 1 1), is to be picked froma
suitabl e agar plate (see Exanples) and transferred to
a tube containing puReTag Repdy- To- Go PCR beads

di ssolved in 23 pl of double distilled 20 water

(Aner sham Bi gsci encgg,~Cat no. 5i9958-01) . x 1 cycle
Subs e EHIFI . 5 p§§8 each O?Zm? e prinmers BBFO1
vv| t h B fi56ARoM stoek sol uti orfpsécs ladded. The sanpl e
gquently run using a thermal, cycler w_t %I%s

,foI I ovm ng settings: S¥C Denat urét iS6F° }95C 2m ns

cycle Anplificati 0?2 g:SC 30secy5k.28C 45 secs } x 30
cycles 72C 45 secs Ext ensi on 72 5mns x 1 cyciﬁi
I'f anapyghsio®f the PER-product Smeipeal s a PCR ¥ odh§

of approxi mately 903 base pairs, this unequivocally
denonstrates that the anal ysed bacter| um bel ongs to
the 10 novel bacteriumaccording to the invention. A
PCR product of approxinately 903 base pairs is a PCR

P |%g %;ts%g b&}e ﬂbgibgh& rQ&teaB [ VER PriRBt SNpp ﬂﬂ;&nﬂa‘@@% base

|scusse in éxtenso in the Exa ﬁ
RWMhienRigiRocdly derenstetesttbatche arpysop bagierrm belon tioé e

b&eh
t hat t abl wt h d
ot oo 5 B A R BB S 03

t K]
s D s e e e R e e el ow

a nethod for the isolation of the bacterium according

to the |nvent|onfromd| eased
f &6 Wl be dissuisrd x3teso 1ot g@rpglteﬁ ﬁhlb\évggxéo\giﬁ%r ogﬁ% th&ts of the

P]Re%e%[%nv-gﬁﬁ&f{soﬁﬁt 2 Sfabie %Eov@tﬂ’@ﬂ@ﬂnﬁiﬁﬁbr e badteriym esronding to the
on re

ates to a mcrobial culture conprisi ng .a
bﬁﬁbﬁdmsmomeﬂn figmtloBadtesia appeidingoie, thomvenfioz can NowWHe FIOWN
preferred formof this enbodi nent, the m crobi al
c ¥iipe conprises NAD. It is again one of the nerits
of the present invention that, the causative agent
bei n . .

The gkilled person finds in Example 3 below a method for the isolation of the

bacterium according to the invention from diseased fish, as well as for further growth

of the bacterium on suitable medium.

Therefore, another embodiment of the present invention relates to a microbial culture

comprising a bacterium according to the invention.
In a preferred form of this embodiment, the microbial culture comprises NAD.

It is again one of fhe merits of the present invention that, the causative agent being
kﬁown now, the development of vaccines became feasible.

The sfrong immune response tiiggered in infected fish, which leads to the induction
of immunity agamst a second infection with the bacterium according to the invention

is in itself already an indication that vaccination is feasible. The problem encountered
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known now, the devel opnent of vacci nes becane

- feasible. The strong inmune response triggered in

infected fish, which |eads to the induction 30 of

I muni ty agai nst a second infection wth the bacterium
according to the invention g in itself already an
indi cation that vaccination is feasible. The problem

encountered 10 _in the natural. c ﬁg@%ﬁnmune
Ho Weviurplcouss §f thesea3riay < Ft lg’ntgg'tr&gﬁa%%te&ifﬁmmne -

(ESRANARHAHE AIbS, ABRishauinAnnadaguatel ¢ ameaerse that
F&dponse, 1°. €. a response t hat su?pr}g%sgg the . . e infection
i ppeideothctinfeaton teatteast alleved that prables fah i o SHRYTYS HR g
survive the_infectjon akes.:t i mg: Hidsfaiihot WdlBible due
rtalagitisme to HuHd p-grder Pﬁ%atl t ?‘f@m?dsspﬁlé% a ?y@ 51 gé zg\l/ a{}%}g&l} e

¥s ¢8R4 Biskdsegy0ss of thie inflee gevl ¥s.
gﬁﬁﬁ&fﬁ#@ﬂé i sh die within da&\%.3 : Becfagsgva%&&e ased
(Béchagaic pabsEengausing e disgase 120N ORFHESTHH YRt e P
a vacci ne, based e M‘{%@ﬁb \Wakh heS@bitien, thd S
g8 s PRBRs ou&#?cg?e @gg ioﬁlgtl on, te_:he i rmunol ogical .
AR ERo % AR ETekse R ginkiane badterinne ean il wp heforp emgrealgniection
natural T nfection | strikes. 10 Thus, another
esttiosdi nent of the present invention relates to a
vacci ne for conbating the disease; Big Belly D sease,
as caused by the novel bacterium wherein said bati
VBRG! R 1iRe BRbbEREnRofBE brséni invwotior tilaie to g veggne for combating

i nvention and a pharnaceuti cal | ac -] ef:
e ThesseBigi iy AR gty D als ROERFRIGRAE yiREGA B

the bacteria i - eity Ehe iAVeritioaahd ¥ phathabeartivally
A‘fatc%lﬂﬁﬁ?lganﬁels\?gagt%%‘%ﬂn%gé&qﬁggﬁ}/acci nes congri sing the
bactAsilbBaEecording to the inventionin alive '
attenuated form have the advantage over inactivated
vacci nes that 20 they best mmc the natural way of 1L

i.nf ection, addi & : B havicBRiptisathe bgctedba ini atfengated hve
-aﬁ%wc\?ggél?ér?ggllﬂggd %‘e?ﬁb-ﬁnggvﬁgfngumﬁg of bacteria; their
NThedtvadel fordut omati cal ly increase until it reaches

the trigger leyvel of the immne.ségés[flgggctéf{m&hﬁimgmthe

mbfeiated live vaccines, 1.€. Vaccines COmpri
have the advantage over inactivated vaccines that

invention in a live attenuated form,
they best mimic the natural way of infection. In addition, their replicating abilities

allow vaccination with low amounts of bacteria; their number will automatically

increase until it reaches the trigger level of the immune system. From that moment

on, the immune system will be triggered and will finally eliminate the bacteria.

A minor disadvantage of the use of live attenuated bacteria however might be that
inherently there is a certain level of virulence left. This need not be a real
disadvantage as long as the level of virulence is acceptable, i.e. as long as the vaccine
at least prevents the fish ﬁ'ém dying. Of course, the lower the rest virulence of the live

attenuated vaccine is, the less influence the vaccination has on weight gain

during/after vaccination.

Therefore, one preferred form of this embodiment of the invention relates to a vaccine

comprising a bacterium according to the invention in a live attenuated form.
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on, the inmmune systemw | be triggered and w ||
finally elimnate the bacteria. A m nor disadvantage
of the use of |ive attenuated bacteria however night
be that 25 inherently there is a certain |evel of
virulence left. This need no?lbe a real disadvantage
as long as the level of virulence is acceptable, i.e.
as long as the vaccine at |east prevents the fish
fromdying. O course, the |lower the rest virul ence of

gl BRedAe thet hak heetressdileviel ofvingence
t‘ggv?/ééﬁé%uﬁtg{l F%ﬁ&ﬁgg?soé/n wei ght gaian duri n?/ af t

Vigiei comiphred to BldElreinef As mentinned phafcethe dyu egpﬁpgﬁelg Sfrains of

enbodi nent of the j.nvention r t (ﬁ-&qﬁ'jn@p' 1i
dbﬁﬁ?‘lfeép?%efﬁﬁ%é@f’é‘?%m%% UoF %‘f‘;ﬁlgg t@ %rythE%éiﬂnventk i onlci?nya _
!éxx&dgtlﬁforﬁﬁil‘?ﬁfegﬁﬂ mixshh.m baegeﬁﬂm/ Ba\ﬁlgg leﬁmf@dtfl Irarek afrvinwgnce is
iS a bacteriumthat has a decreased, | eve Vir
vdoasideredp daadrinm thait ehly indycss diseasato the Rrien B ‘B%%@lé,? 46 not

th [ 1,el | 4 efi¢riivah
ety 0 0 of W aeRed RSl mp RAARAZ spAe] Sen mnare

tyRhGAld 3 Sre@NEsRASTAY%drontH ratenTfeuetebactsriare psed as the basis
bact eri um havi ng a decreased | eyvel. of, virul.epee i, -
afias iatteruatbddiveaeeang, gARFAE L0 BiISuation desssibgd EatE, e fmmune

t he extent that r [ B geeske%ore diedfishQiie.
oBYeep %5&?‘%&? gg?qﬁ'}eési%eéséé?agf\?%u? ﬁftéissi nfection, Bacteria

Ok § £RsPEAY Bsh wll Ribatyeshrvse butradditionally, theydadd apdwgnunity
growth rate. If such bacteria aieg sed as the basis

ofcaimst fatwre nfeations withe fly ¥irpent %%*F%‘P-y to the

sjtuation d ' ] ARid Patdrih sysidéng ioghe
tf?']&f‘&aé‘iﬂ@a“%@g? #egg'gn\?e %déb?;%yséarr y tglc;mgu press the -
dirs&AinE b afasreschiteofia mhtaginic ageab Manyedisheh agagls are kpown n the

wi Il not only survive but addjt.ional .y, .t i
arthother vy 4f ABIAR TR RGEt BT S pry THERK o poveln Uhder f
virulent fi . [ RN fAhG@On bt Ehabdtat afet engfherbeay o
otB@EFﬁqﬁ%e ?‘%?%%%%@ﬂ%é%acteri a accordi ng to the

i AM@ALS Bictérin Wb knowes anthe adfis @ansnewyaRriasdiyest . Many

of such agents are known in the 15 art. Another way
of obtaining nmutated bacteria is to subject themto

S Y:ps‘i!ﬁchstfﬁf%&ﬁr SNBSS nfMSREEH fod tdniyerdtergrensitive mutsls
thei T -nat ur a abitat. Yet another way of rrut.{au nrg thod for
b@eineuthuds vt el Fonmmiin therast. Merelygs an example: a suitable metho

transposon- nut agenesi s.. Sel.ectjon. : d with
R s R e e

'rﬁi{lﬁgér?followed, after incubation, by visual selection of small colonies. Such
colonies are slow-growing and thus desired live attenuated bacteria.
Selection for Ts-mutants is equally easy: replica-plating of bacteria treated with a
mutagen followed by incubation at a sub-optimal (2-4 degrees below native growth

temperature) or the optimal temperature, followed by visual selection of those

colonies that did grow normal speed under sub-optimal temperature but did grow

slower at the optimal temperature.

Inactivated vaccines are, in conirast to their live attenuated counterparts, inherently

~ safe, because there is no rest virulence left. In spite of the fact that they usually

| comprise a somewhat higher dose of bacteria compared to live attenuated vaccines,
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20 (Ts-mutants) are well-known in the art. NMerely as
an exanple: a suitable nethod for selection of

sl ow-growi ng nutants is sinply plating of bacteria
treated with a nutagen followed, after incubation, by
vi sual selection of small colsnies. Such colonies are
sl ow-growi ng and thus desired live attenuated

bacteria. Selecti.on for Ts- i ; ady from
e N S i e i
fo?lilér QR DI H0AS k6t naderauls-ubtimpt omeitiofs, suchiesjnesplete
bel ow native growth tenper atur?) oreéhrg og{% ic{faitedvaccines
trewgptiomadrne-opfimhl tomperaiiyesy vawa| alsodieaedl o FacH Fioge " '
col onies that did grow normal speed under sub-opti mal
tenperature but did grow slower at the optimal ..
UREAGHR! sHoBher BR-ffaioi @ this aralaiiment relatss to A VEHIS QEPTISING
to their live attenuated count ergartts Lnherently :
selfagieribaraserdingie ke PEHign iR aR TFFIVAEHOIY ef ¢ |
spite of the fact that they usually conprise a
sonewhat hi gher dose of bacteria conpared to live

el MidabEnes] mERodt diipactivptien gf basteripjge nowadays known

preferred formof vaccjne.in fis h (gt%nexs_ gfr%ihﬁ‘&l
dh tleroatty Ercpples 6f Plays1cdt Wagsauon gicg fra ar é % pt undér

sub- opt i.nal i1 adtive@Edheigcalyart Bi ti on
m%gagﬁfﬁa%ﬁ@ﬁ%%g%ﬁgb%ul d al so_ benefjt Hlo
ifiasiblav@dheblvankicheds, chyFhetninsrad formpldebyds,1be s lgglperson
formof this enbod nent rﬁl{@t es gt%oﬁ‘s vacci ne

cwerd padongtedi knovhhow & Py BEEOTHI MGt o the i nventi on

: L%}F%gagg}p%%ts{rmq?ﬁaéﬂdi@d Many-prspisiactahe, ghurlaraliehydsatthylene-

- I'nactivation of bacteria are nowadays kr][own
i ifhihder fatrhalddiydaydt ssobstous Hyat phar WRYBIINRCVAEHE ‘ﬁe@a“ cria are
UV-radi ation, X-ray radiation, 10 ganma-radi ati on and
r?éﬁlfffh@dl%ﬁlﬂﬂ%t@%‘f VEYSY vat i ng chenical s are 13-

propi ol act one, gl utaral dehyde, ethyl ene-im ne and

formal dehyde. The skilled person woul d undou tedlt¥ ive
KVigsvirtes vorhpristhe Yadtérie asnording o thpiweahehin AN fieniqivd iy

is inagtivated wi.th - i : ghle
e sl Bireriodin PR PELk BRI PrarSphREal o
%% : A@ﬁ&nﬁceﬁﬁtﬁﬂ& ia¥@iplabt daherivan bens simpleas e djtidlgd water
e O(§I ed In the préesent invention. Vaccines. conprise

tdre ghysiblogicahsalicrobitivngl ceipalsp be Fﬁv%h‘t‘ﬁ%ﬁ?"f‘ﬁ“’&n

attenuated live and/or killed form and in addition

they conprise a pharmaceutically acceptable )

Vaccines according to the present invention may in a preferred presentation also

contain an immunostimulatory substance, a so-called adjuvant. Adjuvants in general

comprise substances that boost the immune response of the host in a non-specific

manner. A number of different adjuvants are known in the art. Examples of adjuvants
ﬁ'equeﬁtly used in fish and shellfish farming are muramyldipeptides,

lipopolysaccharides, several glucans and glycans and Carbopol(R) (a homopolymer).
An extensive overview of adjuvants suitable for fish and shellfish vaccines is given in

the review paper by Jan Raa (Reviews in Fisheries Science 4(3): 229-288 (1996)).

The vaccine may also comprise a so-called nvehicle". A vehicle is a compound to

which the bacterium adheres, without being covalently bound to it. Such vehicles are
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carrier. A pharmaceutically acceptable carrier can be
as sinple as e.g. distilled water 20 or a

physi ol ogi cal salt solution. It can also be e.g. a

buf fer solution. Vaccines according to the present
invention may in a preferredgresentation also

contain an i munosti nul atory substance, a so-called

adj uvant. Adjuvants in.general ¢ ' ] Q5 in the
R e T R g S s
non-speci fic 25 manner. A nunber of different

adj'uvants are known in the art. Exanples of adjuyant. '
f pnegeaitfoym afadh iarvehicksh inagick sl ql’lflg%XhlepaFﬁIlH amlgpai(?e'a iff the |

nur anyl.di pept i de i (P, pperensld

gVeredfmds %&Oﬁgﬁgwggggb%%%%;ﬂ@;g (a ﬁg?mpol yrr?er) .

Afh SHERSHYS BURE hpo@friading vaniose suifabltsiagegietivp gpmpounds
and she ffhlsh vaccines Is given in the revi ew paper

byr cadsiRexs, ¢.BSianws TWEER| sheri es Science 4(3): 229-288
(1996)). 30 The vaccine may al so conprise a so-called
"vehicle". A vehicle is a conpound to which the

bt Afveis 3GRMIEH: uvd inlveutr-ibeirynuigiond e eigy MRHPIE ST

it. Such vehicles are 13 La, bjgo:m cre®c ®
ninetabolidablertais eldineral 9als é??e%g-%ﬁoi‘ra%%%l ??@Hk%éln own in 1
t ar.t .. A.speci gl i1sS Sn&Rt 6il &nd doybwdn @h anima
tgﬂgetaa]i’ﬂ[l§38}ser1°1fssar%%gt Yefég fa@ eg;rlrlts)’e%%gg Pn the verﬂ?_cl g ls

t bs §i0h G@iHeaTbh oBCEMaldHR 210 9q0dkde, 2 tosThsm) andis dertvallves.

242.380) 5 In addition, the vaccine '
oBuitablecadguiantfsre eéu‘t"?"a@él-ﬂ%@?ﬁ’ \‘?gW E@H‘}?éou R é]gl&) %‘?lﬁs&oumhe

“emulsifiers, e.g. Span or Tween. O adjuvants

sHPPE™ for use in water-in-oil enul sions &re}s.% Hase
MiViREY siitalliclofw @mulsimtsaboe. g shitdiecdoitarsng foret-ab 7oV Walepphas

e.g. Bayol (r),_ Mrcol (r) an ok Ao -50%
oGO G 3 ab ah e Gre It e gy Vs o s, nd 80-50%
p%zn%tbl_al(aidvagpd soybean oil, animal oils such as the

[ [

f "6H squal ane and squal ene, and tocopherol and
its derivatives. Suitable adjuvants are e.g. wWo

enul si ons, o/ w enul i pns and [ ad Lk€InSnd
Vihy asaritf e vuah 1o SpaRE ol pE PR Ead B LR S
f (E]x&ﬂ?n?dﬁt%ﬁ%im We Rt & suBh 3% Buntd Brilabel pRfvidedtywhevnaiyfacturer.
adj uv )

an nore preferably 20-50% w w wat er phase and
80-50% w w oil adjuvant.
' m being

Often, the vaccine is mixed with stabilisers, e.g. to protect the bacteria fro
degraded, to enhance the shelf-life of the vaccine, or to improve freeze-drying
efficiency. Useful stabilisers are i.a. SPGA, carbohydrates e.g. sorbitol, mannitol,
trehalose, starch, sucrose, dextran or glucose, proteins such as albumin or casein or

degradation products thereof, and buffers, such as alkali metal phosphates.

Preferably, vaccines according to the invention are stored/presen_ted in a freeze-dried

form.

Tn addition, the vaccines may be suspended in a physiologically acceptable diluent.

Tt goes without saying, that other ways of adjuvating, adding vehicle compounds or

diluents, emulsifying or stabilising are also embodied in the present invention.
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The armunt of adjuvant added depends on the nature of

the adjuvant itself, and information with respect to
such amounts w | | be provi ded by the manufacturer. 20
O'ten, the vaccine is mxed with stabilisers, e.g. to
protect the bacteria frombejpg degraded, to enhance
the shelf-l1ife of the vaccine, or to inprove
freeze-drying efficiency. Useful stabilisers are i.a.
SPGA car bohydrates e.g. sorbitol, mannitol,

\f ALOSKed SHAH ﬁgctlvﬁ’téﬁ Q& Eria Ek8Gh Ipﬁﬁmpre gl adnnm&t;ered in doses

erns such as al bum n or casein or 25 d %@ cﬁn ia on
nfemeeﬁw ihEr0S IR U banteriauPpsas delos Hh &%tela? &
phosphat e

o & XCCC
fpEis P b%@“géﬁ%ﬁ%}p In a eeze ddrc{gegth@te e

f1er &%&6\;]@%&1{ i mmbRR yeiachhdsw matbdeers admetdad in
a physiologically acceptable diluent. It goes w thout

sayi ng, that ot her ways of adJ uvati ng, adding vehicle

conmpoungds I u ts gg@hamm@ &ire
A 9§6m€5ng?§8$ BHOI} nﬁart%@ggnét | nvenﬁg?ﬂcqﬁm Vacci ngs
hasediddng Beéaﬂ%ﬂlby atuethlpaetiseives dmmgithe ipfectionpliergerc,

adm nistered i n doses between 103ian 9)
ldthowghi sitalplo swouns NNl BREHREEY ETY gﬂﬂl 8@@’% gﬂa amounts

t b
gﬁwqeaﬂgnﬁ‘flm%eg;mfeﬁé&%gﬁgi22 tﬂgt eiceed 5 109

bacteria would froma comerci al point of view not be

tt t Vi b, d t ;
Bdeonis dadmimSRCH e Bon o ko e TR R

RS img s ARl glpﬁ%ré%fe B adiieEpbdIne st vig itjbetion,

ore ough suitabl e amunts mogl

| ARGesibe daaRe 30%rand. A R e P @ﬁpgu%ze

bet ween 103 and 106 CFU.are prefgrre tered
veagerdasfce it siandardyy3cginatiof lpragq.&f; relferi{gilﬁ Car[}]@f{)&émms ere

K ERGtHest bE acnmmtn ammg¢reial
‘ﬁg ""erngL %?ﬁﬁg{%g;?eggﬂ?%?f%e fltshsw av| nj ecti on,

d@ﬂ&ﬁﬁﬂuﬁh’?fanm pping or per oral. The admi nistration

protocol can be optimzed in al
oot BT BB ey ety ERREE sftably carer foror

il AGHL'; i fe{]ﬁ%se VioBd b IRiEbERsaBle sabﬁtaxmea;hch asppivi-eallujose or
i

case o use of vaccines in comercial i
afifferend dilsrof vigetatsle or animals origin. Also an attractlve way is administration

g the

L

of the vaccine to high concentrations of live-feed orgamsms, followed by feedin
live-feed organisms to the target animal, e.g. the fish, Particularly preferred food
carriers for oral-delivery of the vaccine according to the invention are live-feed

organisms which are able to encapsulate the vaccine.

~ Suitable live-feed organisms include plankton-like non-selective filter feeders

* preferably members of Rotifera, Artemia, and the like. Highly preferred is the brine

shrimp Artemia sp..

The adm_lmstratmn protocol can be optimized in accordance with standard
vaccination practlce. A recent overview of fish vaccination, written by Bowden et al.,

(Fisheries Research Service Marine Laboratory, Aberdeen, Scotland) is available

from www.intraﬁsh.com.
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For oral administration the vaccine is preferably

mxed wwth a suitable carrier for oral application

i.e. cellulose, food or a netabolisable substance such

as al pha-cellulose or 20 different oils of vegetable

or animals origin, Also an afj§ractive way is

adm ni stration of the vaccine to high concentrations

of live-feed organisns, followed by feeding the

|ive-feed organisms to the target animal, e.g. the

Frfioe BAb ISk R6 YacBiela iy ed ofitind, alibangh @wlyftme VeRUl want to
gery of the vaccine accordln to the L ﬂ%h@ﬁb@re

viavendte aghinso B@BﬁEY@ISﬁ#ﬁC@h aypagly e the

25 .8Syi t.abl e ¢
paeken eeatath o B fy @%%a?{s?ﬁ?'e%%@w“%?f?gmﬁ o

r{@agﬂrﬁspﬁ dii@% b veigat o\ DSdrams hﬂwieweherel asuanediip g pys
r S

eferred | he brine shrinp o)
anhmm sompetentn Thersfoss i PREHEHS %ﬂeo‘ﬁ?‘r‘ m% V?%‘“%ajgegg?l}j}é%vc’:%g 2

g{; i%ﬁ dardy %‘zgg‘hﬁﬁtﬂlﬁlﬁ P 36E bE e ferte6ftht present
fel? vactination, witten by Bowden et dof
ghventiof Has s hes p&%ﬂ:ﬁﬁtmrﬁﬁnwal&je diegnesireo!] thp backgrispyg and ©

mg;}ﬂia @pﬁé&t émeﬁﬁts%@ gmgq;tmphc%nn}be dﬁvel%ped in order to
vacgl nat elchis; 151’&1{ 1 55K hiveOfkn v@éclﬂ%ﬂ%dgh clearly one woul d
n

?O?eo vacci nate agal nst Big Belly Disease in an
early stage. In prlnC| ple, it would be tenpting to

vacci nate fish pre rably at 0. I b Yh
Temond o5 vgnaleselop a6 o Yeise apeTn e peelts Gl Y

Oﬂwﬁgr‘?‘ rﬁso%‘f@a‘éf&neﬁ%tﬁer%ﬁﬁ%@gér@c hicroogufibinair e ym antigen -

eten Therefore I n ractlce lﬁgt ﬁ a
tdf¥udtomicasstpatra of vists drageneity Iaate%h cuRedipg s ge B

and 5 grans. Since it is one of the nerits of the
W@Mﬂ%‘mﬁfﬁ%ﬁ?l on that it is now possible to perform
early diagnosis of the bacteriumand of the disease,
control neasurenments such as sanltatl&% can E, .
deelptgar notorions eommerciglyowepan B REBEIRE R 1 i sh

have_ b ted. .|t h
cngiilrs, Mg kel e RS RE L ek ap e

| DY SR AEL8b bRt tunl §AF bR spe Snfepmbeqms sgleriesoccus

m Cr oor ganl sSm or virus an antl of such
oo ving Eyvairdsielly tovil, s zmlu@ewgeﬁie%%w iridovisgs myt Kol

such ap antigen in a 15 conbi nati on-vacci ne.
Herpesvirus.

The advantage of such a combination vaccine is that it not only provides protection

against Big Belly Disease, but also against other diseases.

Therefore, a preferred form of this embodiment relates to a vaccine wherein that

vaccine comprises at least one other microorganism or virus that is pathogenic to fish,

" or one other antigen or genetic material encoding said other antigen, wherein said

other antigen or genetic material is derived from a virus or microorganism pathogenic

© to fish.
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Exanpl es of notorious conmmercially inportant fish
pat hogens are Vibrio ‘anguillarum Photobacterium
dansel ae subspeci es pi scicidae, Tenaci bacul um
mariti mum Fl avobacterium sp., Flexibacter sp.,

. Streptococcus sp., Lact ococCyg 20 garvi ae,

Edwardsiella tarda, E. ictaluri, Viral Necrosis virus,

i ridovirus and, Koj Her.pesvi yus.. The advant.age . . :
al s i rfapiegie fomiect forrm of thig ﬁE{’O#slPeﬂfoﬁwoﬂ%W HBF‘%\‘}%%I&JSE‘U"C‘W“S
RE 9@1@&{3& %t etl;:}Q g%ll%@«‘ing%rguﬁ?f AoforiduE @B nerdlblly Bhpfetant fish

agal ns seases. 25 Therefore, a preferred form
fatlidgess: dlibvadinmgiiareel Bhaehacteramdieieine SApRCEEhwiFfgrae

FbeBenden mar e SR BT o, £ P REE 9 RPARBAS sp.

AU S5 PR o DRNE B a PRI o e Gediurg \aail Weotobie virus, iridovirus
ant 1 gen, \ﬁwerei n said other antigen or genetic
remtlddiderpesvues. i ved from a virus or nicroorgani sm
pat hogenic 30 to fish. 16 Thus, in a nore preferred
formof this enbodiment, the other m croorgani sm or
VA Yiccired degrided ssbve comtibine 16 atthewangngiomype. diey trigger the
notorious comercially inmportant fish pathogens:
\liost's defensgeydtérar um  Phot obact eri um dansel ae subspeci es
PA RS GARE i LANAGC] - Ly loh Bt erfalnRYRBARH Lol e
é’g?‘?m FY&sor %‘ét&lfogg@g%?;géék#gggﬁ%%g%us s%i.: , 5 L_actgg?qccus
daventiof in EGVYAbKIG cﬁb?ﬁbé atsteimed E’grri attiody-prodviing|cell 11?68 as
Necrosis virus, irjdovirus a 0j .Herpesyi r.us..i
Rlepcribad BFloss Sustseibpdies casien PoARFIED ohg SRt method of
vaccel nati ok «8ec; ik inhfilh ofi@8ice iR hE AfEnal is
g@g&lgﬁﬁ)ﬁﬁ%‘){: g?%ca aﬁ%’l 1%/ Fﬁeg‘%t%?%%)%?ne% canebe rai sed
agRhdSinfdche, hethekiivno imeaes dilow thonatire! inimuemesponsd te be
e.g. rabbits or can be obtained from . t are prone to
arigeaet 5 ela ks mgleaefl mefliodder seorging Prpl BEgwP
SHAR A BOCES pERGrk MR i AN kB0 EEs eottacviti .

I's nethod O

vaccl nati on, passlive vacclnation, 1Is

. thaeteriamcicoattingrio dfe intmitior cambrthase castsrialerfers wigh the Rggterium

:agéﬁﬁagzg% glgggg%l%sée' | fhus (s)uﬁpirens% Btig Baehly %’f’setage(? Tﬂﬁtalﬂfafﬂach has the

advantage that it decreases or stops Big Belly Disease development, independent of

the fish’ immune status.

Therefore, one other form of this embodiment of the invention relates to a vaccine for
combating Big Belly Disease that comprises antibodies reactive with bacteria

according to the invention and a pharmaceutically acceptable carrier.

Still another embodiment of this invention relates to antibodies reactive with bacteria

according to the invention.

Antibodies or antiserum against bacteria according to the invention can be obtained
quickly and easily by vaccination of e.g. pigs, poultry or e.g. rabbits with inactivated

bacteria according to the invention in e.g. a water-in-oil suspension followed, after
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15 triggered. It is also the preferred nmethod for
vacci nating animals that are prone to sudden high
i nfection pressure. The adm ni stered anti-bodies
reactive with the bacteriumaccording to the
invention can in these casesynterfere with the
bacterium according to the invention and thus

B B Di Thi
S B 2Bl S BRSPS el B s
dgMpl @psrent, i ndependent of 20 the fi sh i mmune

status. Therefore, one other formof this enbodi nent
of the i nvent| on relates to a vaccine for conbating

ease .t hat,c i I '
‘H‘E‘ETE?B galﬁ%%]&%ﬁtﬁag{gg’d °§g | nven%ogéﬁsgsﬁ&ﬁag%{/y%m
%Wﬁ%a&ﬁ%ﬂtﬂbmmhmqaw @ventidd. Still anot her
enbodi'nent of this invention relates to anti Mq ﬁ

r@tet ingibodsi fon theaqueraration o eadhastiong Whishomy Yermp
Ant i bodi.es or an
trngnqsn% fR oo RS o A ARRL S IngBROLFE LRI ASERRG 0B s
| Agiboaies afe desided, Wcbisiqueoist progucng macgprop@gmgtpgplyclonal
vvi t i nactivated bacteria accor\g{ E% he ent |
i seracarg well-kpawain the-ash (e-2s Y afied) ?‘%v@ém 8‘?’“} 17
n 1987)t he
S LR ol Ba B Meade B Pl BRAGH 198D) ot
Mol araidbiiesdbativt agdihe tid wod] bactasmmuancofding ig.the

seabass that have been 5, nat.uyal,l |nfe
HRYeNEeN §aRGRERRTAY D by FURHBIZITE BPEr T %?ﬁfas&sl“‘f’or

p0$ Flg na%%d%l&émaﬂ t:;.]fbg%@%swqpﬁ?y be

noNnospeci or’ nonocl o (or
derivatives thereof) are well-known in the art. If

B&)g%q%g}%% agt Lﬁg)g%)lggafd] %&g@?@g@sﬁeﬁaﬁ%ﬂ Erig%ueieg%s E? hickens that
‘I’}ﬁ% b%eglh Q4Bcihited R/gthaarwfac&xﬁe gccoi\@iig fo @B ¢hvéalidre(lgY eddbodies).

em cal Met hods in Ce and Mol ecul ar
Bi ol ogy, Academ c Press, London, 1987). Mbonocl onal

%%yagf Irpggztcsmp érter\éﬁq}ﬁrﬁﬁ{ E‘St t&ﬁggg%tebog%?g dﬁfgf;éfga in which the

LB RO X e 6fth B EGbRYatrRs RdHseshdbsd known in

Still another embodiment relates to a method for the preparation of a vaccine
according to the invention that comprises the admixing of a bacterium according to

the invention and a pharmaceutically acceptable carrier.

Still another embodiment relates to a method for the preparation of a vaccine
according to the invention that comprises the admixing of antibodies reactive with a

bacterium according to the invention and a pharmaceutically acceptable carrier.

Again another embodiment of the preseht invention relates to bacteria according to

the invention for use in a vaccine.
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the art (Kohler and M1 stein, Nature,' 256, 495-497,
1975). 15 A vaccine can al so be prepared using

~ anti bodi es prepared from eggs of . chickens that have

been vacci nated with a vacciné according to the
invention (lgY antibodies). referably a vaccine for
oral adm nistration of the antibodies is prepared, in

L.ch the nti bo are xed Wi t dlble r
oS et cfOnigmrat obBe Bt b i H st e
t Qo8rdiRL B Uk fho&ntioRFoPihe Ridhnaiab Qe 6fa RicYiae @cbrrtﬁ)mbatmg Big Belly
according to the invention that conprises the adm xing

oPisgasbact eri um according to the invention and a
pharmaceutically acceptable carrier. 25 Still another
enbodi nent relates to a nmethod for the preparation of

aAY ﬁféﬁﬁdh%d aB&QaO [e@lhzﬂ'ﬁy ﬁ@ertbﬁaemal\iﬂﬁéticmrbah leasilyCloengyy tosH€s90% and
anti bodies reactive with a bacter.i

t he adm xi n gLia

aREO Ve Yegch %JQ/hénuaddlélﬁtl it s ﬁ!@e%e prkehecadramaggally high speed.
P

i e LR S e

tIedlyi i¢eRE isompbetantuse in a vaccine. 18 Still another

enbodi ment of the present invention relates to the use

of a bacterium according to the invention for the

TR AL PO G ot i

Ifacthe detatiidnndfeRip iBeliyCseaeasi | y be up to 70-90% and

can even reach 100% In addition to this, disease
strikes at a dramatically high speed. Thus, for

oA fﬂagh GRE 18 Rk Bl QY oﬂﬂﬂ' cféﬁatctlgﬂ Wterﬁmﬂ%c@aﬁﬁﬁ% the
corr di agnosi s o 'y Disease is inmportant.
iﬁ)ve"n'hem ef mtgemt maera of that b@tqrmm indaherefarpisitabia/fonthieon

d I bl
EteBHeY o asteral GBPR it st R A RGOS & 62 e

| *éﬁéﬁﬁ'le%@@ﬁbﬂ dl%stctﬁé Fa118 6O tells BAET BLISAWRRCAE dodigl #ith

I nvention or antigenic material of that bacterium
antibadn@rchn‘eoteé againstdhé badtariun, dter igubleticacwith thegnaterial to be

PR T oSSR i BTG BB IREfof S
Welctin Ben 3V ekls iRFpiRbdic8 oPhrfigeRia inffleridl bbthe bacterium.

Therefore, still another embodiment of the present invention relates to diagnostic test
kits for the detection of antigenic material of the bacterium. Such test kits comprise
antibodies reactive with a bacterium according to the invention or antigenic material -
thereof. Antigenic material of the bacterium is to be interpreted in a broad sense. It
canbe e.g. thé bacterium in a disintegrated form, or bacterial envelope material
comprising bacterial outer membrane proteins, just to name a few. As long as the
material of the Ea_cterium reacts with antiserum raised against the bacterium, the

material is considered to be antigenic material.

A diagnostic test kit based upon the detectién in serum of antibodies reactive with the
bacterium according to the invention and thei‘efore suitable for the detection of Big
Belly Disease may also i.a. comprise a standard ELISA test. In such a test the walls of
the wells of an ELISA plate can e.g. be .coated‘with the bacterium according to the
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anti bodi es directed against the bacterium After

i ncubation with the material to be tested, |abeled
anti bodi es reactive with the bacteriumare added to
the wells. A color reaction then reveals the presence
of antigenic material of thejpacterium 20 Therefore,

~still another enbodi nent of the present invention

relates to diagnostic tes | t.s for LQnRo 8k
ARYIIGER PEAFHECEIC Tafte i@t atiirife oA Rn i Gt kits
GOAR 1:381cdARLbARAE (e dethiNEbattdriim@adzanting iouhe invention are
according to the invention or anti genlt&smﬂt eri al

taddedoithe Aetls.gehick ofrenlereantion thanrev e e Presmce Of prfitdies

interpreted.in a broad.sensg. . .can be e.g. the

HERAEF P"@‘ﬁiﬁ’feﬂ’aﬁte’ﬂf‘l@i aﬁf‘@gwgt@%@fl}é‘ﬁe&tﬁgr bacterial _ .
ARSI PR omBBd BRI ié pGsdm bhential reflessp diagnostic test
menbrane proteins, just to nane a fgvv. As L%reg af .ttshe
rieitsfor the deibctidreofiragbediparasctiza Bt the PRSI -SWER 5 S ed
agai nst .t he bacter. HRLEh [ Shitehefertcof.
b@n}ms? g aﬁteﬁﬁ?earcf:%mngzg g.lleag n og E’ ill’gérta!gg%&ﬁ?t based

upon the detection in serumof antibodies reactive

with the 30 bacterium accordin tg the | ?Vﬁl%t_i' %ﬂm%ggay
t her efﬁw&empéﬁleéwo?ﬁéy@ﬁgg‘iyr o SFB g Bty

Di sease - ' i fhobd; bfsdodotsinay use
PR | s o PP R, B BB B S "

A Surfpdfts Or thayliee colae thavirish Thealeteationof thaapERadynHgon

to the 19 invention qr i geni ter al

oraies ey P veeeIe e AT AFe 15 BT TR0t example
| abel ed [ li [ i dadiot bagtdge mwlecules.
a{%%glflgsl’ rii] 355{389‘%%1? é%%%ﬁ?@gﬁgﬁwe&&gd%gg to d?ﬁe _vveclul ess,. A

| ack fuitableancthedsdbs tha detaetivnrefantibediesisagive saHtpbasferium

antibodies reactjve wth he bacter] G b Agkd
HREOTIREAR hecHoacat GHATGR £ SO RaE e ShG A Ken

- Loyl (BY S04, QAmbRd MicBScémedish FTY bild Weststn blot
ﬁi%&@%&ﬁgﬁd@@cﬁ@n of antibodies reactive with the
kmalyeisi um Such test kits conprise the bacterium
according to the invention, or antigenic materi al

t hereof. The design of the i munoassay may vary. For

exi : | B ¥est (50 diERNGEn Heeresapmror absence of a '
c%ﬁpgg/ltq%ﬁk:)%goér di ?%got%ﬁ?egtcti on. Fur%he?ﬁ%géﬁr ot ocol s

tayterise acsaiding todlxpioventionis #BERSHE 28 SpH FefIRRTLSIng

The det ect ] of the antibody- |_§€R o COMERbER ¥uch a test
i hspowernieBgemgroty o Headtik BRI EC3 or R Eieb R buch a e

Qﬁouzé Lo 8% gmﬂeg comBRANSESBF1/BBReb awddpicted in SEQ ID NO.: 2 or 3.
chenol um nescent-, radi o-active- or dye nol ecul es.

-

It goes without saying, that more primers can be used than the four primers identified
above. The present invention provides for the first time the unique sequence of the 16

S rRNA gene of Big Belly strains. This allows the skilled person to select without any

- additional efforts, other selective primers by simply repeating the method described in

Example 7 for the selection of the four primers shown there. By simple computer-
analysis of the 16 S rRNA gene sequence provided by the present invention with the,
known, 16 S TRNA gene sequence of other bacteria, the skilled person is able to
develop other Speciﬁc PCR-primers for di_agnostic tests for the detection of a Big
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- Suitable nmethods for the detection of antibodies.

reactive wwth a bacterium 15 according to the present
invention in the sanple include the enzyne-1linked

i mmunosor bent assay (ELI SA), imunofl uorescense test
(I FT) and Western bl ot anal ﬁis. A very qui ck and
easy di agnostic test for diaé osing the presence or

A iy Aot iR H e eRuee ’ 1%%?}}1‘%1%%6& IMEPEA 081l

P@Pf ' BBF-1 and any of ‘the priners BBR-2, -3 or
s %%@egsbly, such a test would use the priner

CRORiphiatdrothaRipEeifiBBR rdaca svitbehé £6 SARNA gmEof Big\Belly stragps are

3. _I't goes w thoyt saying, that . e [ S _C

Fsdarstasdio briboroRRmes i reet bilAvriF b 158 HRAVe B Belly
' e tAesnd S anbr {fishpbathdg¥RictHaeterium, or

O b e el S i

sgrogp ofs(fisMhpashogkhiowsctetie skil |l ed person to sel ect

wi t hout any additional efforts, other selective

primers by sinply repeating the method. described in

EaPhRitHer ERbodiRnselatstd @ didghodtitaedt Qitrfoithe deeationudian

there. By sinple conputer- analysis of the 14 ST;WRNA .
Jeneriseqeeordinggo $he ideentioy, wikeh grsthasrie 2ichaaeienigis fptppe that 1t

saeingRr CEmers b Or e d SR T SRR CBlne of g Belly

sB8fisfic PCR-primers for diagnostic tests for the

detection of a Big 20, Belly strain angd/ t he
o proferradfarn o thiemviadimetgelaios < the spegikic BLB-RsypRs BBF-1 and
% risal (fish) pathogens. PCR-priners that

i Fc%rﬂ4y react with the 16 S rRNA gene of Big
Behlove plefdidagomi 6f thisnaehosimea rélatebeo sushspecpid PER printeas BBF-
react only with the 16 S rRNA gene of Big Belly 5 :
st andli BRR Al &s devicted BSEQED NO.52 OR/A gene of anot her
(fish) pathogenic bacterium or r group of (fish)
pat hogeni ¢ bacteria. Thus, another enbodi nent rel ates
to a diagnostic test kit for the detection of a
bact eri um according to the invention, which test has

Scteristic feature that it 10 conprises

PCR-prinmers that specifically react wwth the 16 S rRNA
gene of Big Belly strains. )
Example 1: Primary isolation of the organisms and establishment of a primary

-isolation medium,

In order to check if the causative agent of the disease could be a bacterium and, if so,
in order to be able to isolate the hitherto unknown pathogen, a small batch (200 fish)

of fish showing disease signs was brought over to the lab.

‘Direct wet mounts and impression prints clearly showed the presence of bacteria.

Samples of the internal organs were plated onto a variety of media, namely:

Blood agar (TSA + 5% horse blood — BioMerieux)
Trypticase Soy Agar with 1% NaCl
| Trypticase Soy Agar without 1% NaCl
Luminescence niedium with 0.5% NaCl

- Brain Heart Infusion agar
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A preferred formof this enbodinent relates to the

specific PCR-primers BBF-1 and BBR-2, -3 or -4. A

nore preferred formof ‘this enbodi nent relates to such
specific PCR-primers BBF- 15 1 and BBR-4, as depicted
in SEQID NO: 2 or 3. EXAI\/PLE? 20 Exanple 1: Primary
i sol ation of the organi sns and'establishnent of a
primary _isolation medium In order to check if the
causat i Wiosalpbpte (Brate BaleghlieSureosedgtd be a bacterium
and, %50, .4.n order to be able to isolate the
hithertvo”?ogn %dclal\{/%nm pat hogen, a small batch (200 fish)

of fisMahewgng di sease signs was brought over to the
| ab. 25 Direct wet nmounts and inpression prints

cl ear | MahOWERY 3886 presence of bacteria. Sanpl es of
the int e plated onto a variety of

nmedi a, Aﬁge{r%glﬂy@{ﬁ%;aglo%@%g%r (TSA + 5% horse bl ood -

Bi oMer Aenackerland @rdelaseditinyprégesd with feabdeNaCl 30
Trypt'm&a;e SOX Agar wi thout 1% NaCl Lum nescence

medi u 9159388 NaCl  Brain Heart |nfusion agar 21
Thi osubphab& st $rotveh Bhdiinsal ts Sucrose agar Vitox
medi um Mar i1 ne ag%rr MacConkey agar 5 Arnacker and

O dal nedi um Amacker and Ordal nedi um prepared with

L e P R O SN

WiusBareR of BRRARMEY st ih AR infRUSRAREROT the bacteria
seen in the i npressi on pri nts.

However, from 3 fish, small transparent colonies were found in the direct vicinity of

Gram-positive contaminants, i.e. bacterial colonies occurring on the plates as a

contamination after 3-5 days incubation at 26°C. Only few of these small transparent
colonies appeared and then only located closely to the contaminants. Gram-staining

of these colonies revealed very strangely formed bacteria of variable sizes and often

approaching eukaryotic cell dimensions. These colonies were only found on blood

agar plates and not on any other medium. Blood agar plates without contaminants did

not show these colonies.

Subcultures of these were tried on Blood Agar and on Blood agar with the

contaminants, the latter in a ‘cross-feeding” inoculation. Subcultures were found to be

present only when the cross-feeding strain was present. Furthermofe, growth only

occurred when a rather large amount of inoculum was used and growth only started at

the first streak and than progressed slowly towards subsequent streaks. The data

illustrated that the novel bacteria required nutrients or co-factors which they cannot

- produce themselves from other bacteria.

Since co-factors were apparently required, it was then evaluated whether the bacteria

could grow or:

Marine agar with fresh yeast extract
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However, from 3 fish, small transparent col onies were

found in the direct vicinity of Gampositive

contami nants, i.e. bacterial colonies occurring on-the
plates as a 15 contanmination after 3-5 days incubation
at 26C. Only few of. these smal|l transparent col onies

appeared and then only |ocatetf closely to the

contam nants. Gamstaining of these colonies

r eveal MArfERgASYILEHepst %Imlbﬁ"%@l‘@gﬁt eria of variable
sizes gpdiy f%ﬁn eukaryotic cell
di nensi ons8 ltﬁg&ﬁﬁ)ﬁé H%ere only found on bl ood

agar plates and not on any. other nmedium Bl ood agar
pl&ft es W thout contami nants did 20 not show these

O3¢5 ers nong A dhase sracheg madipeshewad g0vethi ed on Bl ood

Agar and on Bl ood agar with the contam nants, the
latter in a "cross-feeding" inoculation. Subcultures
wdhe afibiyrid graw beabspnesd| |presem:ley>f WB (5 ¥oh &vas cealsattdeithagd

t Furt wt.h.qnl.y 25.
o rtﬁpﬁ@@%ﬁ A rbrpes ST G@onb e B G o tilmoRingarase the
R é}f(gﬁﬁﬁ@@ only started at the first streak and

an progressed slow y towards subsequent streaks. The
data illustrated that the novel bacteria required

t t f h th t d

kit e Rt huttbh e sy it BE byt Bt futeure,
z:ﬁfl@l il)s) a@éﬁtlcmub@%u A tke alstwamnali&e '\g[‘éé’slléi@{)ﬁﬁs Growth was

ether t bacteria could grow on: ri ne ar with

ffer@hﬁte;lé!anO\m Bnuélb@adzzlls A in rgeasa@arp Wvarti cyléabqth in and without
r Wt h oi d)
Pk Bt B totics, URE O01Fr SEMIS VS b B o .
5 The ability to grow in absence of presence of CO2
WS evaluated with and w thout cross f ee&:ﬁn{g. )
&5ts it wes Eoymg has shegptrains godd bopewird ersybeulieede #gbout
) n ub tl i t X
SO S ERE B R RS re BT IR e RS e
@ystdltteeHCI gtd/Eﬂes}i Yeasaﬂﬂ&ﬁ@pt cel | -bound nature as was
found in inpression prints. Gowth was
Additional testing showed that the bacteria grew very good on Chocolate Agar
supplemented with Vitox (Oxoid). Vitox contains NAD (V-factor), Vitamin B12,
Thiamine hydrochloride and various minerals and growth factors.
Also suitable, instead of Vitox, is IsoVitalex (BBL).

The combinations.of the above isolation data suggest that the media for isolation

require the addition of NAD as a factor for growth. This is also in line with the initial

-observation that cross-feeding was required on normal media. (At the moment,

mutated strains independent of these co-factors have also been found).

Chocolate agar supplemented with Vitox turned out to be the best medium (of the
media tested so far) for growth. Culture condition evaluation indicates that plates can

be incubated at normal atmosphere at 26°C.
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eval uated in Brown Bull head cells and in grass Carp
Ovary cells bothin and w thout the presence of
antibiotics. None of the cell cultures yielded grow h.
15 In further tests it was found that the strains
coul d however be subcul tured, w thout cross-feeder
strains, on Mycopl asma nedi un%3( Mycopl asma agar base;
NAD L- Q/ster ne- HC1 and Fr esh Yeast Extract).

PHIDS ai o Bipleallyiitiaease.he bacteria grew very

'- ‘ d
9 ggrdg{'t %@%@ggﬁfs‘g g bat%&ﬁrt{%ﬂlg a%%% wr\\%otuk‘.1 an.\{} &%@ﬁiezmgns
Tlmaapiarmi nyeckt] e gt reEiraaltion aysrt@ﬂ,Seqmppeﬂ ahith rid-lige OM h
factors, Also suitable, instead of Vitox

| SR G BRSn ot T et el RelleIPd piter soRid dorefore be

| sah@lcjon data suggest that the media for isolation 25
require the addition of NAD as a factor for grow h.
THoweve, dissse and origlityialsh devedopediunidat theahoaditiahs, thcating that

t HE et SrgeateRr s i QTN Of MecPUdein Caut syl some
CHsH Rehifk Aafkena tﬁhsﬁﬂ%ﬁrﬁﬁ bewrdie %qug C%Je : et these fish

suppl enented with Vitox t rned ou e best
niseloped Big Bhldy Beasedind dicd sOet thondxdpys Inortqi[tpwtck'eased

U 0Ehd AR TP 0 30 B S R

%undeééﬁleﬁﬁﬁﬁatungffm@(g Belly Disease. In order to study

- the disease, a batch of juvenile seabass w thout any

dihegnersaldy gngbsemd ipthichatchi of fishds glyan weFignre 1.

IR Rl et SRR im R R ey it it Ao etione
wat er could therefore be 5 excluded. However, disease

and rmrt aI | ty aI SO devel oped under these condr tions,
Al : : 1 R AT 354 aeck : medlum

On IO ¢ seasedﬁsril

‘ G o e
m bﬁdeq wﬁdﬁmtthe &ﬁtatailﬁjﬂof @@b@la@@@r Bh@l&ﬁéﬂtb’d Wih SRBR as
and di ed, Over the next daﬁvérmrt ality increased 10
AFERRY iselatipy mediyn g sampled thpanterngh osgang pbdiseagedfish (e

%?ﬁec% J.Qﬁélja&ﬁomydﬁs I1§s§9 it tﬂgtabdosrﬂéﬁﬁ'dﬁ%gtl§ &8 '(ﬂl%golate agar

~ supplemented with Vitox. Two days after inoculation clear and massive growth was

obtained from all fish sampled. The direct growth of bacteria from these samples
shows and confirms that direct and massive isolation of the organism was possible
and this confirmed the likelihood that the organism isolated was identical to the

organism observed in Giemsa stained impression prints.

Subsequently, from another Seabass hatchery in Singapore (unrelated to the farm in
Indonesia) juveniles with similar disease signs were sampled. Direct impression
prints from these fish as well as the macroscopic evaluation of disease signs and
internal organs showed the presence of similar organisnis. Samples from these fish

were plated as described above for the Indonesian samples. All samples plated

- yielded massive growth of one single colony type, similar to the earlier found

colonies.
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The nortality as observed in this batch of fishis
given in Figure 1. This experinent has provided
insight in the course of the disease after infection.
15 Exanple 3: confirmation of suitability of ‘'the
primary isolation nmedium as g%gediun1 for direct

i solation of the bacterium actbrding to the invention
fromdi seased - fish. In.-order to confirmthe
suitability of Chocol ate agar supplenented with Vitox

A hisRipHEY hat ﬁph@gki?@d g&ﬁ‘moléﬁ M &qnl%)EeOfit@&%%ﬂum
organs  of di sease 'S I'n particul ar e
. agcoytingtel thermtveniiont, it sffiees to dhitein alidh sefRringi frope Bigy/Bely disease
Chocol ate.agar 20 supplenmented with Vitox. Two days, .
a??%iﬂlﬁp SbhreTs r&frﬂE Rissgyontachpenlate ﬁww%%emedy with Vitox
Ok MY il AP ddinfh 1} (RABRWRE of B %a&gﬁﬁﬁ.t growt h of
bacteria fromthese sanples shows and confirns that
dip erervienoo e iis whtained i diffendnt bHgine isgrvdnsmTahle 2.

possi bl

e and this confirmed the |ikelihood that the

organi smisol ated was identi cal

ORebdy -:e3traiflcSHeBB oA HAY bhbBfi£SSi on prints. 25
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ently,
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| ndonesi a)
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INS 598 | seabass Singapore F1 Choco +
INS 599 | seabass Singapore F2 Choco +
INS 600 | seabass Singapore F3 Choco +
INS 601 | seabass Singapore M9 Choco +

Example 4: Identification and histolo oy

Light microscopy.

All strains are Gram negative and very pleiomorphic in appearance. Some bacteria
showed an intracellular black dot (vacuole). Colonies did not swarm and showed a
typically raised, w_hife center. They had a light transtucent outer rim and were non

pigmented. They were non-haemolytic when tested on horse blood agar.
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Strain Isolation Country of Oiginal code Isolation
code origin isolation nedium INS 445 seabass

I ndonesia 10 P BA |INS 454 seabass | ndonesia S13-3 BA
INS 512 seabass | ndonesia E3F1 Mycoplasma | NS 527
seabass I ndonesia F4 BA INS 5)%8 seabass I ndonesia F3
BA I NS 529 seabass | ndonesi a“171 BA SB 1127 seabass

I ndonesi a BB-3_Choco + SB 1128 seabass | ndonesi a BB-4
CHoesy tissuostrom Hish wergpaessed lightivesicieapglass gidse pindrigpand
1 ' . BNS. 5

s oS AgRhe JRRNE Sl N0 Gyt dat b S BRE RS Sdures
Choco + |INS 600 seabass Singapore F3 Choco + |INS 601
seabass Sin ap?re MD Choco + 10 Exanpl e 4:

| JURtPPYARINS P! HSPrRReat o iy L RISHIER YsEoippde threush

S . a 0
R S e S L L e
bbaeftecthult fishwasre lihledd. toGetherss @asnads,ccomptrablecto massicte adimaias and

a_ typically raise white center. They had a |ight
t%ﬁéﬁa@gﬁf&{%ﬁ?@n?ifﬁ‘i%ﬁﬁﬁe'mre non pignented. They

WBT EnR@sioRPBIRR orbilyfs oMBEintASHER s8th SO B8 [Ahq98h. 38k3ked betw
25 FPr?esh ?)?lssuggs Ijf%'romgnin%c,h wer e pressed 'F}Jinght "y on ehweet
chestpellyl Bypicallyithesrganismsdvaredystered and spienred agiif they are located
ejtntsﬁgr Ig ensa. stain or G amstain according to

standar "procedures. First observations of the
PheSRACaifngahe bigh@isi ¥ End GARM-8EPURE Snd TS shBhe8dRIear halo
impression prints frominternal organs of affected

fargwnd thy paingd rell, indieatingtthe prebenoe gheapsular material.

In Giemsa-staining more details of the organism became apparent. Typically the

organisms displayed bipolar staining (a trait ofien observed and described for the
genus Pasteurella) and often displayed a bright red to orange intracellular spot or
vacuole. Figure 2 is a Giemsa-stained impression print showing the above indicated
characteristics. This shows a Giemsa-stained impression print of the spleen of Asian

seabass showing bipolar appearance (double arrow) and the “vacuole” (single arrow).

Conclusion

Coccoid to rod-shaped, basophilic, Gram-negative, intracellular proliferating
microorganisms were observed. A severe necrosis followed by severe granulomatous
reaction could be observed in internal abdominal organs and tissues.

A severe, chronic, granulomatous, necrotic inflammatory reaction was observed in
the abdominal organs. The main affected tissues were intestine (posterior from

stomach) and visceral fat tissue.

. Electron microscopy

Tissues were fixed in Glutaraldehyde and processed to ultra-thin sections according
to standard electron microscopical methods.
EM analysis of the sections showed numerous, relatively large (2 by 1 pm), ellipsoid

organisms. These organisms are surrounded by a membrane or cell wall. They could
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of affected fish were |linked together as a nass,
conpar abl e to nmassi ve adhesi ons and an appar ent
proliferation of fat tissue. In inpression prints
groups of organismwere seen of I' to 5 mlong, |ocated
bet ween host cells. Typicall¥ the organisns were
clustered and appeared as if %ey are | ocated 10

si.de cells, I.n Gamstaining the organi sm st ai ned
PR Rd Gk isen oA S Howed e arared b ot eri

t Iﬁ?enﬁ)trﬁienietg 119 ?‘:}\/L.wuo'lé1 @hﬁﬁ&eﬁ&mﬁ@ﬁ é[g%cgr%gl%ﬁﬁls %?nt pa% th&sion

mat er i al ensa- st al

0 bgdisnmrs&mlhﬂc 6309 mp drnetd) coﬁqum@héxyeleh@ondéhgﬂﬁat&ﬂsl.

di spl ayed bi polar staining (a trait often observed and
described for the 15 genus Pasteurella) and often
dFﬁgla}eayﬁﬂ“@ aﬁfﬂl\qub‘ictﬁl%ﬁh% i A9 &ggﬁ‘s}%k' ular spot or
vacuol e. Figure 2 I1s a G ensa-stainé&d I npression print
showi ng the above indicated characteristics. This

sho a,Gge ed i npressi on nt of the spleen
?as o ¢ 18 ?38@) ﬂ%me?r ‘Eﬂ‘b‘é’?%\?ong\[ﬁ'ﬁ@%% O(Ia%ﬁﬁn%were
ammmemgthah@rgev@aéahe (single arrow). 20

Concl usi on Coccoi d to rod-shaped, basophilic,
Gruthenanghitsiaabiowod thag thel drganiamsprart sreowtded gy a biological double

A
A ShARR) SSlPRS yRLARY Hitios Bee EhiePi, 1Bt apsmaations
Q'b&emvﬂié pbﬁhlblmy%f@ﬂ)roﬁﬁé*@fﬂrﬁ%e RINERASiR0Trh 'n%%éiﬁz% balteria. In

severe, chronic, granul omatous, necrotic inflanmmtory
(CBElBsion theerzapigms ursdSlam negativetmctebidom nal  or gans. The
mai n affected tissues were intestine (posterior from
stomach) and visceral fat tissue. Electron m croscopy
Tamsleion wad distiscash i N G ut ar al dehyde and processed to
% ra-thin sections according 30 to standard el ectron

prrepll histolagisal amysin iliy einslused thas theewpargsas observed
*‘ﬁbﬁ!‘ﬁg 8 ggﬁ%r(ﬁﬂf&s cEEar@}e s%kf% h‘gl% é]%% g% é:agxmx?%a B%ctena

1 psol or gan ese ganl S

, ﬂgae haaterinara mwbomleﬁbe Meth¢ tisshbeahdaatthablld b ilaRic RNt

elthg ﬁﬁ@ e in the tissues or intracellular,
PSS asgﬁna ARpginerally |2 hdongraadd, wm vede rpd eften contain an

GO (COIBRRPE LS Balnkred 1% GLARRARE contain an

I ncl USIO
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- Further anal ysis showed t hat

body or vacuole (300 nm di anmeter) containing
non- el ectrondense material. 5 Figure 3 shows an EM

“picture of the intracellul ar organi sns. Based on the

nmor phol ogi cal- appearance it was concluded that the
organi sns were nost likely rz?t her | arge bacteri a.

he organi sns were
surrounded by a biol ogi cal double 10 nmenbrane (not
s le dingerol they did not posses a nucl eus. These
0 ions rule out the possibility of a protozoan
an%ﬁgt:r[’g}téoﬁ' line with Gam negative bacteria. In _
cBlvol uad subsequeat sergamias nulleated fama sumisteg fishefresaon enibreak (The
Concl usi on and djscussi on 15 Based gn the overall .. .
a8t SooE BdilsHA SR veS oty vosie S ehutination
Of éwé«gﬁ] RDBE S4B pe bRhAHoRRsSBARAR STl €5
c:g%carl era) su?feﬁ?ﬁg fror% BBS?are G am negat | ve
baAl seaihaaggliiretddaritiethe antscant,oviradeasshey did aet with pegbass serum

tissues_.and.intr I,lular, insid st. cel I
TReHER B Sorpe et Bt f BRSO LRER iR AR
Of @ r S QI BHTtaR@hatialllshr@iae bl RBS bastads btleng tvathe banms wadthye.
stains red in a Gensa stain. 20 ft 27 Exanple 5:
serol ogy Agglutination. Blood and subsequent serum
Vﬁﬁéﬁm | ected fromsurviving fish froman out break

( " case shown in Figure 1). This serum was

iR SOAHE Mr¥scHERE diffrent ﬁﬂe-ﬁaﬁgd oif isslatiboss Well esths twocountries
eval uate the serotype of t

_ . 1 e isolates gi.ven jn Tapl
- wher¢ thegioveli basterygl aseordime delthgiayentieg wsoiaé% Myere RiFer

AR A e Qfipobf R IRRANE rele TR abBliREL A worc
(eoWh Bsit48thours #089) on Chbesste bgaisupplemedied atith ikt and| |

strains_of BBS bacteria belong to the sanme serotype. .
terestegm Swfiumsh peista bufiered Femaln saing é‘FS@F tmgtF- Biievier,

L4 %R o . OF - 1855Y) el o1 hdn8on was
BT Ry Bbih, Yo BRI R8T ME13 (1955) e R b

Wept dvenlightet 4 Qerndsihsequerty centrifuged at 14,000 RPM and the
supernatant was discarded. The cells were re-suspended in 40 mM PBS (pH 7.2) and

brought to an optical density of approximately 0.250 at 660 nm wavelength.

‘From these standardized bacterial suspensions 100 pl per well were then coated over

two rows per strain onto 96-well ELISA plates (Nunc Maxisorp) and incubated for 2

hours at 26°C followed by an overnight incubation at 4°C.

Table 3: Strains used for titer determination through ELISA
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tested in an ELISA. The strains used are listed in

Table 3.. Bacterial strains were. grown for 48 hours at
26C on Chocol ate agar supplenmented with Vitox and 15
harvested in Sodi um Acetate buffered Formalin saline
(Gisez, L. and F. OAlevier, ,Appl. Environm

(2§995)). The resul ting
suspensi on was kept overnight at 4C and subsequently
centrifuged at 14,000 RPM and the supernatant was

di scarded. The ceI l's vvere re- suspended |n 40 nmM PBS

(pH 7. 2) aRa— ot an—opticad €T
appr oxi maf 5 02% atls (g ey &1 & i] %T%'Procr)lm
t hese stawa]ggl,ﬂgd pact egéaghsssuspeny ONSiokBaal pe

-wel |l werel[then coated over two rows per strain opto

96-wel | ELI SBBpb4t es (Nusuab&ﬁm sol p) aifmiohﬁﬁti%lbatej for

2 hours at26C-fellowed ah—oevetr Acubation at
4C. Tabl e| 3: BBOIZj ng use&eaf’ﬁs titer de;ﬁéjlpﬁ? Pt i on

—

t hrough E[TSAg 535 28 SULahhksCode|T sol afdoabsi®r | gl
Country of isolation BB 445 seabass |ndonesia BBf454
seabass | nd@®si28 BB 51&abssabass || ndofsbnesia BB 5.77

- seabass | pdonesi-a—BB 1128 seabass—tHndgnesia 98
seabass S ngaBaP® Tabl eSe8basks ¢ er r emoVIEARATC ¢ he

buffer b?e%CK' nmgthe nmon=Specific binding sites wth a
3%(vv/v25 skimm |k solution and washi ng, the
primary antiserumwas added. One row per strain was

i ncubated with 100 | positive seab Stf@ mt @??3} y
s@ﬁﬁﬁ%@ﬁ@éﬁ@dﬂﬁ%rﬂo ¢ B SRACIE BIRgng Sitesayifh &P 7o (W/V)
| Kl é‘fl kos%i n‘%@%& %S}%lﬂ% tﬁ@éﬁ@grg s Wis AR Wi row per

h nega serum Both sera were
ptaindidsihesbated witns0) jogfositive seedbdssrsgnmgm the seien ¢allegied from

| d furth || ted f
GBIUTAR P8 (7000 T80 TR eva0™. SetARn Lo srodig Yo s flras

NEADh Y SvitPleh Rl Ssebibhsiirath. Bot fofd Werelpre-diluted 16 times before
adding them to the first column and further serially two-fold diluted from column 1 to
column 10. Columns 11 and 12 served as negative controls in which the primary
antiserum was not included for column 11 and the secondary antibody was not
included for column 12. The plates were then incubated for 1 hour at 37°C, washed

and further developed using a monoclonal antiserum against Buropean seabass IgM

| (WDI 1) at a dilution 1:50 and horse radish peroxidase conjugated goat anti mouse

(dilution 1:2,000). Reactions were developed by the addition of 3,3, 5,5
tetramethylbenzidine as substrate and read at 450 nm after stopping the reaction by

the addition of 50 pl of a 2 M H;SO, solution.

Titers for the different strains were expressed as the reciprocal of the serum dilution
given an ODj4sonm reading of 0.4 after subtracting the negative serum value. The titers

obtained for the 6 strains tested are given in Figure 4.

As is shown in figure 4, all strains reacted similarly with the antiserum and a fairly

high specific antibody titer was present in the serum. The lowest titer obtained was




anti serum was not included for colum 11 and the
secondary anti body was not included for colum 12.
The plates were then incubated for 1 hour at 37C,
washed and further devel oped using a nonocl ona

anti serum agai nst Eur opean s§2bass lgM (WDl 1) at a
dilution 1:50 and horse r adi per oxi dase conj ugat ed

gdgo aztewlgeg%aé t@%éﬁ@%gﬁé wias gfi[!#SOEIossystgxggt? dif] ee%%é l:vgsn Shsee

t tRorR Whefcg s@dindhore fiidted.
g?%ﬁ?ﬁ§%§§5?ﬁgﬁ%ﬁ%9?% P?%%§g§§j$ﬁ§ agdltlgn of 581I °

of a 2 MH2S04 solution. Titers, for the different

S o B B B kel b e B Syp i YRS ace
SRS el | ?gisﬁ rﬁuﬂl%ﬁﬁ&rb VRhSR{t it dMetan ihRRtibh bed Sarvived this

obtdai ned for the 6 strains tested are glven in Figure
dnfeption mottemvantinodyi rgaation avhichl playsta kavieleriagleagpg the pathogen

Spiindieneaibichuty oRlbl B A T e Sefum e

| onest titer obtained was 29 372 whereas the highest
titer was 1965. No systematic difference was observed
between isolation tinme and geographical place from
where the strains were isolated. It can therefore be
concluded that all strains tested share conmon
antigens which are 5 recogni zed by fish. Furthernore,
fish that underwent an infection and survived this
infection mount an antibody reaction which plays a key
role in clearing the pathogen and inducing subsequent
imunity for the pathogen. 30 Exanple 6:Koch's

postul ates In order to make sure that the assuned

pat hogen is i ndeed a pathogen, Koch's postul ates have
to be fulfilled. I'n order to evaluate Koch's

postul ates, an attenpt was . made to performa
chal l enge wth a bacteriumaccording to the invention.
5 Materials and nethods Bacterial culture. The Big
Bel |y bacterium was subcul tured by spread plating onto
BA (20 pl at es) and




10

15

20

25

30

i ncubated at 26C for 48 hours. Subsequently the
bacterial growh fromall plates was 10 conbi ned and
subsequently resuspended in 8 m buffer. Fish A total
of 40 early juvenile fish Asian seabass were obtai ned
froma hatchery where no BB§,was found previously. A
nunber of fish fromthe sanme batch were tested by 15
nmeans of G ensa- stalnlng the internal organs to

daempleo:-Keeh's Beslates ot the pathogen. Al fish
6IH %h&éﬁ %jdma UEL QrSHavihe ta%uﬁ%d%vﬁﬁ@geﬁf istidiRePaphthggem, Kbhk's

mean wei ght of Zg at _the nonent of
q:lmaﬂulaﬂa&sgmwvtdﬂe falfited nintapdesito evaderie Koelt's gosiulaies, appdlempt was

fis d|V|d as_the &yally
b Brduamd Bisess v ST Gp Mool i e RaGE Y
aquari um equi pped wth a filter. Challenge The 8 m

of bacteri al suspension was mxed with 792 m of
thodgr oup of fish (20 fish) was i mrersed

J&c? / Zﬁé{)enm on for 30 mnutes. Water tenperature 25
Y ¢4 Fenge was mai ntained at 28C and di ssol ved

@h\é% B BaBS bk@ptuna bay sutkultomd by lsyrea@phﬂngbnislﬁfp |(3,q plates) and
npressed air. Cbservations f er chal | e%ﬁ& g lates Was

ﬂncslbaﬁﬁélﬂ‘e%"él ﬁore&% benrsfubsequsitly the ParP R ST RO &) P

rec Al | dead fish, a

p?mél gg:@ﬁu %§$ﬁ§iﬁ%eﬁsﬁ\%h@%en (usually a part

of the abdom naI body fat) and i npression prints were
made and G ensa-stained. Observations of the slides |
Vit 1ight nicroscopy at 100x magnification easily 31
"e¥eq! RIS RlafRAGAS Yo obthiRedhiomBekduhery where
&%?%P?g%%%dﬁﬁ@ﬁ ona ,lt he |nteernal organs of a
neBES®as Alund eravioushr Aoﬁmihes bf fistofrets dhesagredeaieh wetedested by

o o o ARG el L TR e
ﬁ ﬁﬁmyzggw%fe Bﬁm&@%k‘@e@o?ﬁw h@ofensa st aining.

re incubated at 5 or 48 hours and the
mhe Siehbed aineBh greRk b0t ehq zaomgml of shelings ¥iFsBrapdatal
and fu ;el%uently confirmed by Gram staining.

- length

The ﬁsh were divided as they came at hand in two equally sized groups of 20 fish and
transferred to a 50 L aquarium equipped with a filter.

Challenge _
The 8 ml of bacterial suspension was mixed with 792 mi of seawater and 1 group of

fish (20 fish) was immersed in the suspension for 30 minutes. Water temperature
during challenge was maintained at 28°C and dissolved oxygen was kept above 4

mg/L by means of supplying compressed air.

Observations after challenge.
Dead fish were collected twice daily from the tanks and recorded on record sheets.

From all dead fish, a piece of the internal organs was taken (usually a part of the
abdominal body fat) and impression prints were made and Giemsa-stained.

Observations of the slides with light microscopy at'100x még;niﬁcation easily
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"Results Fish showi ng the typical disease signs, i.e.

di st ended abdonen, darkened fish 10 swi nm ng out of
the group and behaving lethargically, were seen in the
chal l enged group but not in the control group from
day 5 after chall enge onward Mortality started on
day 6 after challenge in the challenged fish and

ti ed the follow ft '
aveaisdds pstrse pbAthead of D Grie LD A AP R g
t; | kfeedrglated ont
Ao B BB i R @0 Al b D oS o pited onte
thyyh BAl and Adyeplasmaagaroupplogetted with NARehtcygangaad Fresh Yeast
clearly observed_in i epga stained | ' Ori
Fidrich HaSDaREE of FSHFEE SbR O G SR Ca on o Ut o

oRPerryadd IfrPSid B pREMRE of BRyBe gt teridDcslosiensas clisgrved and
and never displayed the typical BBS-bacteria in G ensa

swhsaqeehtlyicopfinned bnGpan-seng t he i nternal organs.
Irrespective of the results fromthe G ensa-staining,
the internal organs (nostly the fat tissue) of a
repRyesentati ve nunber of fish fromboth groups was
plated onto a 25 suitable nedium The novel actcﬂ.i#m
Fishorhdving the typties! diseasasigsn Lradisyn PR lapkened Lis

i sol ated f 13 . .
Sfdes ol o MelatpRE ARYSHaiHE INEREERY. w2h scahtip G0¢hllenged
(B 1t nbt/inhBelcagRA poag fiom days diqobillaigabhemge) . | n.

addition, all remaining fish in the control group
were sectioned at the end of the 21 day observation

. . ¢ ._ | _ o
il sl o i gL R B e
Rhedol6@ing3PdayEhgterwhichlall byt ome fishrvedrs deads The onereafairing Tish in

chal | enge, confirned to be attributegd. to :
chashademged aremdishPB o] g st cbi e A1 5P 55 v pagpoted and
%@l&%&lganﬁrtﬂ 9&%50*9&1115{15’455 @ thORERi@NWad diéurly observed in
control group”is presented in Figure 5. 5 Discussion
IGiehssstpiasd ishmessorggrntdef i ned as: 1) The sane organi sm

nmust be isol at ed/ denonstrated in all cases show ng
t he same di sease signs. '

Fish that died from the control group during the observation period never showed any
disease signs and never displayed the typical BBS-bacteria in Giemsa stained

impression prints of the internal organs.

Irrespective of the results from the Giemsa-staining, the internal organs (mostly the
fat tissue) of a representative number of fish from both groups was plated onto a
suitable medium. The novel bacterium according to the invention was successfully re-
isolated from 13 sampled challenged fish, but could not be isolated from 3 control
fish that had died (mortality had occurred on day 4 post challenge). In addition, all
remaining fish in the control group were sectioned at the end of the 21 day
observation period, but in none of the fish could the Big Belly bacterium be

demonstrated by Giemsa staining or by plating.
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2) The suspected pat hogeni c organi sm nust be isol ated
as pure and 10 domi nant colony type fromthe aninals
showi ng the di sease signs. 3) Wen the suspected

pat hogeni ¢ organismis adm nistered to heal thy
suscepti bl e animals they sho bd_develop the sane

di sease while show ng the typical signs of the

di sease. 4) The_ sane, pat hogenjc or i's st . agai

B monalitein Fhgien Ha et At caap ey £ ae T diedRe
grfgg" ' Thins aR®oPHIa6HY S8mWash hewhsllenged

?ﬁ%ﬂg Coggﬂgésng@t&hﬂ%erg?f%ggsse. AP f?s showed the sane

dirsenae] thi gosirol igromp it presardd in Fagwadl | en abdonen,

internally characterized by severe adhesion of the

internal organs into one confluent mass. The sane

OQQ’@IB‘ES‘I%W was 20 denonstrated and can be recogni zed and

I st ngui shed from ot her known pathogens by its

apqedy postdateae defmddwsr a- cel lul ar, and by its typical

nmor phol ogy:..l arge el lipsoi ha ' .

showi ng g?/ﬁeé pggamsﬁbmr:% bﬁl%oﬁitg&g%élﬁgéteﬁﬁ%%gge%n
prints togabhelk (e tdnadisdasdgeny. ed vacuol e. Bacteria
grown on agar sﬁow simlar characteristi CE in G emsadn

st ai ni ng2bukhedispsbteyl pedogonit eigaweMRIS beiselRi RS

25 Gram st aj ni.n usin [ ' i :
Chocol at e ?&5@%&6@%&%@@? gr&%gvl&te% o%,o t ﬁ‘leggsggsaetsil%ng.
or gani snyLoxhéh the Repeadd pathegenioirgirasn sadministeaertito healthy

dom nant growh from fish show n he typi cal di sease
signs as \g/]vémceﬁtéblé pgima&slytbﬁgshqqﬁ ‘Eg"ﬁfoBé]P? %ﬁlﬁjﬂa‘ﬁ?@?é Wﬁﬁ? n

30 G enmsa stai ' ' ' By using the
correct is f“g‘%ﬁgghén@g#g%ﬁg%{b@ﬁésﬁgég%npl ed with BBS

di sease ) gns sye paddgéticorganempaishagrnbe Mbiselatadrron He
pat hogen 33 was iIsolated fromt di sti nlct %nd

unrel at ed Ishelionard arimalihs 4PuEg M R RBIONH ¥ r ent
countries (lndonesia and Singapore). Bacteria isol ated
fromaffected fish were used in a chall enge experi nent
(The¥Eh 6 ofanish whedouad gelll caseadftthy didsisanAld Salb slyyved the same

juveniles were exposed to suspensi f the.

Skranseaie: o Gansalin asveplisp ebdqral Bﬂ%@‘_@%&%@%@ by severe
GBS AEIOHAAR SRR A 1iRb OReEorlint hildl PR solordhsisnses
srgns as wel T as splayed the presence of the

dbabhstngel mdganbs recognized and distinguished from other known pathogens
by its appearance: mainly intra-cellular, and by its typical morphology: large ellipsoid
bacteria (2 x 1 pm), showing bipolar staining in Giemsa stained impression prints
together with a orange-red vacuole. Bacteria grown on agar show similar -
characteristics in Giemsa staining but display very pleiomorphic morphologies in

Gram staining.

By using appropriate media, i.e. Chocolate agar supplemented with Vitox, the
causative organism could repeatedly be isolated as pure and dominant growth from
fish showing the typical disease signs as well as displaying the Big Belly bacterium in
Giemsa stained impression prints. By using the correct isolation medium ll fish

sampled with BBS ,di'se_ase signs yielc_led the same pathogen. Moreover, the pathogen
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.in the abdom nal organs in an appear'ance identical to

what is found in natural - outbreaks. 10 Moreover the
chal | enge organi smcould be re-isolated from

chal | enged fish as pure and dom nant col ony type.
Thus, Koch's Postul ates are fgl filled, and
consequently the relation bet3vveen BBS and the novel

bacterium according to the in nthon as .t he satlye
et solpia OEL oL Heb PRI AR BPiGhertes 3 £ FoB TR o1
ﬁ@{%@%&%ﬁ{dﬁ%ﬁ% %d@%y%%&@yent of a PCR detection

ermnation of the Big Belly bacterium 16
S rRNA sequence. Three exanples of Big Belly strains

e oS St bSO s e
t&%}l&ﬁ%). gféaﬁhg NSRdisBbasstjiferliESweRNApvEsiao a yhpenatiemdf the
anpl | e usi

g universal prinmers and the geng vv?s
segllencedganiirngnd alt Gshexipogadi tentireschallengs o gaangny dgE oped the

descrij by Kuhnert al.. .. hi . :
SRS Antess Py o5 ik of digelalld g Brosdite 3¢ B chaljenge organism
r;iBNA 4RBRINASr APl & HPcartifden@er@ichlgo vehanis fafd in natural

(5" - AGAGITTGATCATGECTCAG and nr 268 (5' -

GIGTAC) in a PCR cycling programof 3

m nutes denaturation at 94C, followed by 30 cycles of

30 seconds at 94C, 30 seconds at 55C and 2 m nutes at

B GreoTHEhOEINULARR HYReniendeeld by ré-isvlatet femahalidged fibpagoure
anplicons were purified by a Q a-Quick colum (Q agen

|and dom@zdnt £elpny BPEUSA) and i ndi vi dual sequence

reactions wer [ i ' NHeb@a@BBS and
ks BainfeRE kst E e, B ety (S TR pearh

3B2né ] baderial GIAREECIGAAATCAGETAS the c888tiyéagent has been
GGTTAAGTCCCGCAACGAGCEC), 384 _
(BOveBCCCACTGCTGCCTCCCGTAG, 385 (5' -
CTACGCATTTCACCGCTACAC ) and 386 (5' -
GCGCCTCGTTGCGGGACTTAACC) . DNA was sequenced on an ABI

FQmple 7: Determination of 16 S rRNA sequence and development of aPCR

detection method.

Determination of the Big Belly bacterium 16 S rRNA sequence.

Three examples of Big Belly strains were grown on Chocolate agar + Vitox, and
harvested. Afier boiling for 10 minutes, internal fragments of the rrn gene encoding
the 16S rRNA were subsequently amplified using universal primers and the gene was
sequenced using internal primers, essentially as described by Kuhnert et al., Int. J.
Syst. Bacteriol 46: 1174-1176 (1996). Basically, the 163 rRNA gene was amplified
using oligo’s nr 267 (5’-AGAGTTTGATCATGGCTCAG) and nr 268 (5°-

GTGTGACGGGCGGTGTGTAC) in a PCR cycling program of 3 minutes

denaturation at 94°C, followed by 30 cycles of 30 seconds at 94°C, 30 seconds at
55°C and 2 minutes at 68°C. The program was ended by 7 minutes at 68°C. The
amplicons were purified by a Qia-Quick column (Qiagen Inc., California, US_A) and
individual sequence reactions were performed using the primers mentioned above as

well as nr 381 (5°-CTACGGGAGGCAGCAGTGGGG ), 382 (5'-
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5 automated sequencer (Perkin Elnmer, California, USA).
The sequence m xture contained: 100 ng PCR product, 2
| term nator ready reaction mx (Perkin El ner,
California, USA), 2.4 pnoles of prinmer, 6 .tl of
buffer (200 mM Tris-HCl, pH8 @; 5 nmM Md 2) and aqua
dest up to 20 1. This. mxture was cycled on a Geneanp

Seborac e oA M RTALDRERE 10 o o it es 60C  The
QYOI ASRTENCE CRAAIEALE GBS B8408r IJICTAOT G TBGE EXCCGTAG),

colums (Q agen Inc Cal’i forni a USA) according to

RS aﬁM@G@mTfﬁCﬁm(ﬁGiﬁé%)m&ﬁ{ the ABl 310

l, d
AP SR LB I SR e & geAbrsio
(esidted Slqiicer @atkih BiéraCallfoAlia, AFEA R MA yemenasiibrture
Sequence s version 3.1 (Perkjn El ner,
Caniafngdn G0 ngjélﬁ prgﬂup@ A frminaigrgeady pacdian lgg?c Ig]aerkln Elmer,

Sagh ABOpHS.S; 5
SefSEn Bl 2t b E08 pEREES P RARE 2D ORES
WM%GEP M(ﬁﬂltuﬁﬂdéh uglac 2o g.( ﬁs mndure\lqwas ﬁyqziad) bin rg};l@@jeamp 9700.
Z eq e gggxi v:/as com%os%% of |2% cycﬁesam@tﬁia sgconds 86"'(!1 tSes,econang"C and

g&%@% Pg‘é\ﬁ"ﬁﬁie%kcl%ﬁ deﬂ!: e@%&@dté vRtcahRHRE tyifh Yo EX 8o laghns

est ‘scor abl’e 1). The hi ghest

| %Qi‘ﬁgbm hoQrQifiorains Usd) ecalrding to mhmlfaﬁ:tbrelra)m@jgm@na gyl run on the

A b qularous! wameies Soues Ty LoresB IR LR
t(fb‘fle&icﬁl eﬁfﬁ%g%}lﬁ) th(}a@ iHRef, Maliforhihl UBA) and analysed with

cne. msu. and aI I gned usi ng Vector Advance

Sefjtanae Anbleis tversiodT. 1 MRbvlin Fémers Glalifernie, US4). Alignmeats were

fgﬂq%g,q%ts'egx‘é’e{nk SHaEla G308l colts CoRa S pEH AR Bsa).
Pk %Btéhrgeﬁ seﬁ%{éﬁ!:ésm@l ﬁ&)oleoﬁh@s éa@ﬁWbﬂe%n@hre@Wﬁ&rﬁacmmer and

expor 25 the format and i nported and
avithl gﬁ)damadrseqﬁmcm%@plé@mthb@S% a8 ltl@gléteﬂelsﬁéﬁwr

CH st RO oo ek by R RS et georsin

?ﬁﬁ‘&eg Ghe ARALY 3¢cTirRr] %’Xiﬁdn@s w@e%ﬂlﬁﬁ@l‘iﬁiﬂrﬁ%enus and some in the
sub

tted). This software is avail able as freeware

‘Photobadierim g¢mﬁuh§gq1mtlr b wrrsgpencehef thess Bengra gvere

OBl Sak T B BRI RO FRTEL R Bt e

and aligned using Vector Advance software (Vector NTI Advance™ software, as

~available from www .Invitrogen.com). Pairwise and multlple alignment settings: open

gap penalty 15; gap extension penalty 6.66). The resulting alignment was exported in
the “msf” format and imported and analysed in the MEGA 2 software package
(Sudhir Kumar, Koichiro Tamura, Ingrid B. Jakobsen, and Masatoshi Nei (2001}
MEGA2: Molecular Evolutionary Genetics Analysis software, Bioinformatics

-(submitted). This software is available as freeware from

http://www.megasofiware.net/. The resulting dendrogram is shown abqve

Selection of primers and development of a PCR detection method.
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Based on the 16S r RNA gene sequence data in conparison
to avail abl e sequence data a series of potentia
primers was designed. The priners designed are |isted
in Table 4: . Table 4: possible prinmer sequences and
expected anpl i con size (BBF- in 5 conbination with
BBR-2, -3 or -4). Annotation %equence Direction

appro Amplicon BBF-1 5" TGAGTAATGCCT
e e TR R e dormm R A i g
POGEAAT Fhe QurdRstc@BBRI4ble 4:
%Dse?ggwg&éﬁ%A reversed 9%3 E@%‘ﬁ%@et sE%t? °
prinmers were nade and tested |n a baS|c PCR test. The
e prl r sets BR 3 1
ol BiaResiPIE @E S SR ah e PR CA e Lo

Sdoﬁﬁ:ma'ttﬁ Whe BBRD & of-gpt two BBS-strains; INS 445 and
IErepresenfl ng both countries of i soI ati on)

me =) u:ad together with-a \. gnguillal ¥ Atetrfal
r of APBaEon s} $eAUENGENS 198. Col oni es we;t@I tl 8Wn for rol}.(‘
holrs at 26d on Choc+ agar for the BBES qrrm ns_anggpicon

TSABBFfbr V.| SiBGAGTAATGCATSFAAGSY tliforvasd an n.a.

i SbBBRe2l col pSYCTAATOUGAGATAGHGGAe plretessedy neansl4ibp

a [pRRC3 T on heeph RCHTE ALGASIRTATOC O |Fetaned 15 400 bp

Co[TBRIE 0 PIETGRCEEGIO RTETR DeddeydkAer shar 903 by

O E-O0—A-4-\

Bi esct+ences No— 277 9558-U1), apprOX|nate|y 1 pl
of bacteria, 0.5 | of each of the prinmers (10 M stock
sol ution) and 23 | of double distilled water. The.

t‘ﬁﬁ?ﬁtfelé RER thitl? #3 itéedHi RdaSic PORSeBRTheyledser primer sets
vvlth the 'owi ng settings: 20 Denaturation 95C 2m ns

wete BREH ewitARHRR -8 iand BB %tt;@E,éd@ceweoﬁ@egééﬁeqte%@nphcon
R Bt S T SR P
66 a0 1Gas1ativh) RRISRRA together with a V. anguillarum internal reference
strain INS 198. Colonies were grown for 48 hours at 26°C on Choc+ agar for the
BBS-strains and on TSA-1 for V. anguillarum. A small portion of an isolated colony
was picked from the plate by means of a injection needle and transferred to a tube
containing puReTaq Ready-To-Go PCR beads (Amersham Biosciences Cat no. 27-
9558-01), approximately 1 pl of bacteria, 0.5 ul of each of the primers (10 pM stock
solution) and 23 pl of double distilled water. The samples were then run using Hybaid
Thermal cycler with the following settings:

Denaturation 95°C 2mins x 1 cycle
~ Amplification 95°C 30secs |
| 54°C 45 secs t ’ x 30 cycles
72°C 45 secs )
Extension : 72°C Smins x 1 cycle

_ PCR products were analyzed on 1.2% agarose gel (B'ST Techlab Cat no.BST3001-

100g) in TAE buiffer (4.84g Trizma Base MW: 121.14, 3.09mi 0.5M EDTA, 1.142ml
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100g) in TAE buffer (4.84g Trizma Base MAN 121. 14,
3.09m 0.5M EDTA, 1.142nl { 36 d acial acetic acid
and to | liter of de-ionised water). The gels were
generally run at 120V for 60m ns, stained with
et hi di um brom de during gel %n and phot ogr aphed
usi ng SynGene Bio Imaging System 5 1In a subsequent

PCR the sett furth
. ﬁl@péﬁé‘qeﬁg CeiRand Bt b BIFpAAIEY ChGECR Ve Bl rn o

| AN 0 6finlns Nrllid $8h Ll Bk R Gilring FTHh bid %ﬁlﬁo%aphed
resul t's r *thie First run are given 1h Figure

Tiking &sulens Bio himadidg Syskénr.st run i ndi cated that both
primer-sets yielded an anplicon of the expected size
when applied on BBS-strains. However, both priners

cross-reacted wth the V. anguillarumstrajn and %&/e
dn agnpsedeet POR mindhe sediings Wefmgxme&%%mé Ry fsreaging
aanﬂ% ® %ﬁ]] &Q@ PCR
%geas}g%%%?ﬁ%e%l [ n§ q%a%n%ggrlg‘%tg?%%van glé Thi s
anneal i ng tenmperature would theoretically favor the

BBF BBR-4 priner-set. All other nethods and
&¢€&dur es remai ned unchanged. The results of the

%%Q%Itﬁﬁ?tﬁé‘ﬁl-zsgﬁ@é%égﬁ@ﬁ‘h?ﬁ gigure 7. For this

run one trarn NS 445) and the V.
dihg wesulta fmm nhrstfﬂ*sirmh mchtﬁaeadethaidaod;h plannﬂr thmemgé}m weplicon of
®P|Ifle lts t hat _.f he un

erte éliZ? 8’ 11 L&fl\Pél -staaql% eg%mp[pdners cross-reacted

[T con, omever the 25 first priner set
eBBRf 4 MBARd3)wganelda narked | ower, yet specific yield
as conpared to the first run. Based on the results
obt ai ned the priner set BBF-1BBR-4 was chosen as a
$P8fdef ioCoptintifRhe TR wiliddReab&tPthe ddhdaliff edmmeaimar wige2°C. This
that the 'end PCR- product is easily detected in
staaling teouperatums e ﬂ@ntegcaibu‘ewrdhﬁ BBFs}/BBR-4 primer-set. All

SURE #3030 a0 pRESAELs 2RGH5A LiSHal g

ffﬁgé ¢ Hﬁr%l%{tﬁl €and gafe anVamBR@A! dfladi tEPet ah Odpected size
yield a a

The results of the second PCR run are presented in Figure 7. For this run, only one

BBS-strain (INS 445) and the V. anguillarum internal reference strain (INS 198) were
amplified.

The results show that the unwanted cross-reactions observed at a lower annealing
temperature were gone, i.e. V. anguillarum did not yield a amplicon, however, the
first primer set (BBF-1/BBR-3) gave a marked lower, yet specific yield as compared
to the first run. Based on the results obtained the primer set BBF-1/BBR-4 was
chosen as a specific primer set, with the additional advantage that the end PCR~

product is easily detected in standard gel measurements, due to its size.

Evaluation of primer specificity
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Thi s experinment ainmed at evaluating the specificity of
the primers for BB. In order to achieve this a series
of strains, representing different fish pathogenic and
non- pat hogenic species were tested. An overvi ew of

the species tested is given i32 table 5. 5 The choice
of test-strains was determ néd by the 16S rRNA cl uster

2 R iion i st TR o PRGACD B 8 BEETfor PP rder o
S RN E Bhis ‘g‘s&@éséglf st@finsl Z@ﬁ?}&%ﬁ’ﬂl differefit fisiehafeta@nicint hen-

conparative anal ysi s. e nmethods applied were . |

i pitidgenialspemes Wers éestids Aniobertieabeihe sisiey tested ip giveR in table 5.
set 10 was used: BBF-1BBR4, and the annealing
tenperature was kept at 56C. Table 5: List of species

U Hoft i gest Besihd Whd dotermaldits the 06S RN ARGRtaahslgtis aml
nmet hod and the | ane |ayout as presented in the_ gel. 15

lew@@::wt'm treerastabbshngpé ad well & higihg mosh Blsely contaypinpais@resent in
BLgqBel ! I | carif Vi b
0 k. 2L B 1 Bl e ey NSRRI e

angui | l arum Ref erence strain -4 NCIMB 1318 Vibrio

al gi nol yticus Reference strain 20 5 LNMG 88§3T .
LEherraetbedsirppljed vickeddentigplelo hasg dpscriged Rgve48ply-pne primer set

Strepto b i Tz o0
QP SEE Rl 8 BB Sing g ol Rl &156°C.

Phot obact eri um dansel a subsp. dansela S.

ui nqueradi ata 9 I NS 6Q2 Phqtobacter| | .
&ﬂbéqgﬁ pList pEsngaicsused indici sppqiilgiy ¢ 3@%&2@%&%@@&@1‘3"&9‘1
1202 Fl a teh TS ' 12 SB 1132
Tenaci ba}élgﬁﬁ%aﬁgrl t nﬂwgégﬁggt?%ﬁhéég' ATCC 700383T

Pseudononas pl ecogl ossicida P. altivelis 14 INS 162
Aer ononase salkammivabeta Specissal ar 30 15 ATCC 339077  Origin/ bost

Aeronponas negBaizfype sBh®ellystdip NCl | vI B 1895T L. calcarifer
Phot obacX er i WEIMIBIEASSt U FibTylpevesit rain 17 | NS 242 Reference sirain
Edwar dsiZl | aATEE43R0A. fiposmigeligun Reference strain

4 NCIMB 1318 Vibrio alginolyticus Reference strain

5 LMG 8893" Lactococcus garvieae Type strain

6 LMG 145207 = Streptococcus iniae Type strain

7 CCUG 100737 Nocardia asteroides - Type strain

8 YT 961 Photobacterium damsela subsp. damsela S. quingueradiata

9 INS 602 Photobacterium damsela subsp. piscicida S. dymerilii

10~ DNA ladder :

11 RT 1202 Flavobacterium columnarae " O, mykiss

12 SB 1132 Tenacibaculum maritimum L. calcarifer

13 ATCC 700383"  Pseudomonas plecoglossicida P. altivelis

14 INS 162 Aeromonas salmonicida S. salar

15 ATCC 33907"  Aeromonas media Type strain

16 =~ NCIMB 18957  Photobacterium angustum Type strain

17 INS 242 Edwardsiella tarda A. japonicus

18 INS 163 Yersinia ruckerti S. s_alar
Results

The results of the specificity analysis are presented in figure 8.

“As is apparent from figure 8, the PCR primer combination (BBF-1/BBR4, the

annealing temperature kept at 56°C) as used is highly specific. Only the BBS-strain

- used gave a PCR product. All other species and genera did not.



18 INS 163 YerS|n|a ruckerll S. salar 35 Results The
results of the specificity analysis are presented in
figure 8. As is apparent fromfigure 8, the PCR primer
conbi nati on (BBF-1BBR4, the 40 annealing tenperature
kept at 56C) as used is hi ghl speC|f|c Only the
BBS-strain used gave a PCR &%oduct ot her speci es
and genera did not. 38 Evaluation of available
BBS-strains and detection |imts Representative
'E\%lﬁ&éw% of?@az{ % E%’.Sf’ I‘t%zﬁ.p&asﬁert&’ttﬁﬁ 1Mirst he bacterium
accor I nventi on coll ection were
tleqir&éntaﬁ\ﬂe IWEIes |f@vﬁ1@ﬂ1ffefmt sttaind ofsthe batterdmi sccgidoegta the
5 Tabl e 6., The PCR test mas per f or <§f€8 des r|b ad .
Apsersion i the caflection avers fested (AR BRFTRICHT St"s’%ls s%“’en n
5 T’ﬂ%'l@? 6fhe$éf9'té§tsw deobBEd %%s&ﬁ?&td' a‘Bgvelgv11§taE1%hﬁeal1 fing
I'solation origin ntry of 1solation code I'NS
Sempassird oflihégrees. | NS 454 seabass | ndonesi a INS 512
seabass Indonesia |INS 527 seabass |Indonesia SB 1128
seabass | ndonesia 15 I NS 598 seabass Singapore In

addi t ippe g\ﬁ@jngageg%f;p@Rc{&,ttﬁgtl on limts starting
frompure growh. For this strain INS 445 was grown

for 48 S—ot ; 26C:

10 harves| oS%F FB \SJ[SE’@FIB?LHWBA) O?“W/‘}f‘%"? 2) and
t he nubheE® cel l s was. count
Pet r of { - FER44T |countsedhgsthanbler . Subs&efeBstity  the

bact er | aINS#$belnsi orseatmiss 20 ad| ust ed fidonesia 108 cel ||s
per m | amNB SEX ijal | y stabas§ ol d di | ut ed. Iidonesia he
di | uti pngyd bat | contggayagd 103 102, 10ndonddla and 10- 1
cel | s pefgHizg U M Wag €Nt T fuged at [{fhnbGs

INS 598 seabass Singapore

15
In addition we evaluated the detection limits starting from pure growth. For this strain
INS 445 was grown for 48 hours on Choc+ agar at 26°C. Growth was harvested in
PBS (0.01 M, 15% NaCl (w/v), pH 7.2) and the number of cells was counted by using
a Petroff-Hauser counting chamber. Subsequently, the bacterial suspension was

20  adjusted to 1 x 10® cells per ml and serially ten-fold diluted. From the dilutions that
contained 10°, 107, 10", 10% and 10™ cells per ml, 1 ml was centrifuged at 14,000

RPM for 10 minutes and the pellet was processed as described above.

- Results
25  The results are presented in figure 9. The results clearly and unambiguously show that
all BBS-strains are recognized to the same extend by the primers, further confirming
their identity. In addition, the PCR test is able to detect as little as 10 cellsas a

minimal amount in the presently used program (number of cycles).

30
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-RPM for 10 m nutes and the pellet was pr ocessed as

descri bed above. Results 25 The results are presented
in figure 9. The results clearly and unanbi guously
show that -all BBS-strains arg recogni zed to the sane
extend by the priners,“furthé confirmng their
identity. In addition, the PCR test is able to detect
Iiﬁtl 10 cells as a mnimal anmount in the
Sﬁ%?@ f?g“ﬁi%ﬂe%rogran1(nunber of cycles). 30 39
Legend to the figures: Figure 1: Mrtality over tine
of juvenile seabass in culture. 5 Figure 2:
Figwrsd: Mosialiedvienisime ©f juyanily seabassin Q'afélr%pl,een of Asian
seabass showi ng bi pol ar appearance (double arrow) and
t he "vacuol e" (single arrow). Figure 3: EM picture of
tHigure 2t Gaeshlsthimdd i0ip@aBios FBint AQh&sdednef Asidn deelhass showing
expressed as the reciprocal of the serumdilution
rispplatraprearance kbl graw) anddby igerale’t (e armRi gure 5:
Mortality caused by BBS-bacteriumin chall enged and
control fish. 15 Figure 6: PCR results for two priner
Fepae agBMsttuieves tRBtatelmilasrgangns. V. angui | | arum
internal reference strain. Lanes: 1; INS 445; 2; INS
600; 3; INS 198; 4; INS 445; 5; INS 600; 6; |INS 198;

Fia4 b2 g B i B B 080 cvin 4
&b/ id Ae ELISAFi gure 7: PCR results for two priner

sets against a BBS-strain and a V. anguillarum
internal reference strain. Lanes: 1, INS 445;: 2, INS

Fifire §.'M%t¥ SEked bgﬁBs-B\&t&f’céﬁ in challé¥ed 288 cortfd] FRHA.
set used: BBF-1BBR-3 (lanes 1-3) and F-1/BBR-4

(lanes 4- 6). Tanplification = 95/56/72C. 25 Figure 8:
ecifici of the BBS-PCR agaln LEferent aquatic

Bt SR s by Bye BRmebets S BeR DN ana 7

aié%aﬂmnd Bt BR FIRAtErai) 11A8Y: €; INS JEI; TRINS 600;L55 €N'S 198; 4;

BBF- 11BBR-4 Figure 9: PCR results for the different

ENS d41s5; OFS BB, 6; iIING1 18827 DN AdrddesrBsimertsetusedoBRE<l/BBR-3

(lanes 1-3) and BBF-1/BBR-4 (lanes 4-6). Tamplification = 95/54/72°C.

Figure 7: PCR results for two primer sets against a BBS-strain and a V. anguillarum
internal reference strain. Lanesﬁ 1, INS 445; 2, INS 198; 3, DNA ladder; 4, INS 445;
5, INS 198. Primer set used: BBF-1/BBR-3 (lanes 1-3) and BBF-1/BBR-4 (lanes 4-

6). Tamplification = 95/56/72°C.

Figure 8: Specificity of the BBS-PCR against different aquatic bacteria. The relation

between lanes and tested strains is represented in table 5. Primer set used: BBF-

1/BBR-4

Figure 9: PCR results for the different strains of BBS, isolated at different time points

and different locations; and detection limits for the PCR-reaction. Lanes: 1: INS 445;
2: INS 598; 3: INS 512; 4: INS 527; 5: INS 454; 6: SB 1128; 7: DNA ladder; 8: INS




30 and different |ocations; and detection limts for
the PCR-reaction. Lanes: 1: INS 445; 2: |INS 598; 3:
INS 512; 4: INS 527; 5: INS 454; 6: SB 1128; 7: DNA
| adder; 8: INS 40 445 103 bacteria; 9: INS 445 102
bacteria; 10: INS 445 101 b&fteria; 11: INS 445 100
bacterium 12: INS 445 10-1 bacteria; 13: INS 198. 41

d, ai 1), Gan i.\e, pl el onp I G.I.ad-shaped. 0
i P et e S b gV Bpftiacl B oS s 1 ol Tr: vs aas 10
CHARARLETDZRE 145 1 (1Bbackdad1 PAGEQORUM Cconprises a 16 S
rRNA gene of which the nucl eoti de sequence has a

| evel of identity of at least 97 % preferably 98 %
nore preferably 99 % and nost preferably 100 %to the
nucl eoti de sequence as depicted in SEQ 1D NO 1 or
characterized in that the bacteriumconprises a 16 S
rRNA gene that reacts in a PCRreaction with priners
as depicted in SEQID NO 2 and 3, to give a PCR
product of 903 +1- 15 base pairs. 2) G amnegative

pl ei onor phi ¢ rod- shaped bacterium causing Big Belly

di sease in fish, characterized in that said bacterium
conprises a 16 S rRNA gene of which the nucleotide
sequence has a level of identity of at |east 97 %
preferably 98 % nore preferably 99 % and nost
preferably 100 %to the nucleotide sequence as
depicted in SEQID NO 1 and characterized in that the
bacterium conprises al6 S rRNA gene that reacts in a
PCR reaction with prinmers as depicted in SEQ ID NO 2
and 3, to give a PCR product of 903 +1- 15 base pairs.
3) Gram negative pl ei onorphic rod-shaped bacteri um
according to claim1 or 2, characterized in that said
bacteriumis in a live attenuated form 4)

G- am negati ve pl ei onor phi c rod-shaped bacterium
according to claim1 or 2, characterized in that said
~bacteriumis in an inactivated form 5)

M crobi ol ogi cal culture conprising a bacterium
characterized in that said



. culture conprises a bacteriumaccording to clains 1-4.
6) M crobiol ogical culture according to claimb5,
characterized in that said culture conprises NAD. 7)
Vacci ne for conbating Big Belgdyy D sease in fish,
characterized in that said vaccine conprises a
bacterium according to clains 1-4 and a
pha(gaceutlcally acceptable carrier. 8) Vaccine

acco g to claim?7, characterized in that said
vaccine conprises at |east one other m croorganism or
virus that is pathogenic to fish one ot her

ant i1y eraor-negatae plsiomaershic md-éwe@ijbwgergﬁm gaustngeRig Belly disease
ant | geiﬂ ﬁsﬂhcﬁ{a?ic%rﬁ?ﬂl 91 tﬁ&t@gird.bafztenum Ocompns%s :% 16 S IRNAS %ene of

en’ or Froma Vvi
or m awmoh gmms:leonﬂe pRLarg b clevel dﬂ:sdsntnﬁa)fz\famt §16%,
accordin claim8, wherein virus or oro%a&nltost X
0

pat hog¥ ezabdﬁb% ¥4 91016 Bre&esthiy P2 & #dompstipee
consi S-NG8e q@gnée ea? Re eﬁgﬂé@m 8O %r cﬁgﬁgﬂehkéﬁriﬂ Mat the

Phot obact eri umdans ubspecies piscicl
Tenacitaaeribmompaised 4 b ByRRApenb deit exactsin a PCR reaction with

g vi BTG E] POHGHANO £ 1A & DO pRfduct of 903 4

Necr 03isS,¥4 palss, 1 ridovirus and Koi Herpesvirus. 10)
Vaccine for  conmbating Big Belly Disease, characterized
in 2h ﬁramanagatzm:plemmoqdnmmdr@elseddmctdwm eaisingRig Bolly discase

th d
phar i B8 cBager G A8 e e b Pompiifestift  FRNA gene of

accor giiéh 1‘11@ bR sbdddce RS 18641 D idetlty) oF ot bt &g, d
vacci ne conprises an adJ uvant. 12) Anti bodg@reactlve

with ardfalabbfrﬂ&ﬁm momyrdfer@lﬁ% w mmdrreos_t preferal )100 % to the
B2t 0 Q0 L AN ool Bl o
é . g Bgﬁtiﬁ%ﬁgg?gﬁéﬁlﬁmRNA BeréaRAIrBts G PCR iRRLbNFith
primers as depicted in SEQ ID NO 2 and 3, to give a PCR product of 903 +/-
15 base pairs.
3) Gram-negative pleiomorphic rod-shaped bacterium according to claim 1 or 2,
characterized in that said bacterium is in a live attenvated form.
4) Gram-negative pleiomorphic rod-shaped bacterium according to claim 1 or 2,
characterized in that said bacterium is in an inactivated form.
5) Microbiological culture comprising a bacterium, characterized in that said
culture comprises a bacterium according to-claims 1-4.
6) Microbiological culture according to claim 5, characterized in that said culture
comprises NAD. |
7) Vaccine for combating Big Belly Disease in fish, characterized in that said
vacéine comprises a bacterium according to claims 1-4 and a pharmaceutically
acceptable carrier.
8) Vaccine according to claim 7, characterized in that said vaccine comprises at

least one other microorganism or virus that is pathogenic to fish, or one other

antigen or genetic material encoding said other antigen, wherein said other




15) Method for the preparation of a vaccine according
to clains 7-9, characterized in that said nethod
conprises the m xing of a bacteriumaccording to
clains 1-4 and a pharnmaceutitally acceptable carrier
16) Method for the preparation of a vacci ne according
to claim 10, characterized in that said nethod

conpri ses the m xing of antibodjes reactive with a
bact er #iligen Ot sMEPaTatesiabls deigediom gigrug or microorganism

phar 2t 1 .cal cceptable carrier. 17) D agnostic
"test k Eﬁﬂé%ﬁﬁtt éls}get ection of antibodies reactive with

a bayt ¥addimm acacrdinpgdo nlyirh 8, whakisvifus4y nutmpemtiem sE gemic to
that sai d test rji ses a bacteri cor,di ng 4.0 .

cl i oty selsted PRl FEuRETI e of Hie B g Vibrio

D agn Oﬁgﬁﬁrﬁrﬁt PR il Bunsbel@GhbfRcief pRcibidpl, SMehbdTbaculum
according to clarns 1-4 or antigenic ek er i al

t her eohgrithamatlzeshastedivmspt, HFaexibaitat spe Streplongucis s,

anti bodies reactive with a bacteriu cecar.di tQ.. .
o\ i neldtapochi et feris e Ade ) b ST e etedisgirus
of a bigighiflsthifd &k PefHel@inis0 claims 1-4, characterised
in that said test conprises PCR-priners that

s ped 0¥ Yaaireyfor emtatingBigBellieDissas, elrmpxigriaed ipthapsaid vaccine

bact eri um accordi to .clai. -4, . - D L

Dact CHorBRESRiPRa isRefle e Badliriuhs aodMinh AARAR L8 and o
said t £RUTK 1§ 6cptaBidYatid@l s as depicted in SEQ ID

NO. : or 3. 1/2 SEQUENCE LI STI NG <110> AKZQ Nobel

N, V1 1)Mazginenesasting s elavms il rediatagicaizerkin thatisaidivagsine
2004. 019 3160>d3 <1th70> Patentln version 3.2 <210> 1
<211> Cfﬂ]f{lses an a Juva .

12) Antibody reactive with a bacterium according to claims 1-4.

13) Bacterium according to claims 1-4, for use in a vaccine.

14) Use of a bacterium according to claims 1-4, for the manufacture of a vaccine
for combating Big Belly Disease.

15) Method for the preparation of a vaccine according to claims 7-9, characterized
in that said method comprises the mixing of a bacterium according to claims
1-4 and a pharmaceutically acceptable carrier.

16) Method for the preparation of a vaccine according to claim 10, characterized
in that said method comprises the mixing of antibodies reactive with a
bacterium according to ¢laims 1-4 and a pharmaceutically acceptable carrier.

17) Diagnostic test kit for the detection of antibodies reactive with a bacterium

- according to claims 1-4, characterised in that said test comprises a bacterium
according to claims 1-4, or antigenic material thereof.

18) Diagnostic test kit for the detection of a bacterium according to claims 1-4 or
antigenic material thereof, characterised in that said test comprises antibodies
reactive with a bacterium according to claims 1-4.,

- 19) Diagnostic test kit for the detection of a bacterium according to claims 1-4,
characterised in that said test comprises PCR-primers that specifically react

with the 16 S rRNA gene of a bacterium according to claims 1-4.



<212> DNA <213> big belly syndrome <400> 1 agtttgatca

" tggctcagat tgaacgctgg cggcaggcct aacacat gca agt cgagcgg
60 cagcgacaac ‘attgaacctt cgggggattt gttggggggc
gagcggcgga cgggtgagta 120 atgcctagga acatgcccta

acgt ggggga taaccattgg aaacgaf gc taataccgca 180
taatctctac ggagcaaaga gggggacctt cgggcctctt gcgttaggat
tggcctaggt 240 gggattagct agttggtgag gtaatggctc.
accaaldesresty é@ﬁfclflg%%@rdé%@t%@ ; s%act%&agffgg%*‘&ld test

ccac - cagcagt
360 gc%%sgsﬁ%ﬂ?gg%gst égégggﬁ&a%'sﬁ 6 ROGIOG Pgcageagt g

gaaagcctga tgcagccatg
ccgcgt gt gt gaagaaggcc 420 ttcgggttgt aaagcacttt
cagt cgt gag gaagggggta tgtttaatac gcatgcctct 480
t gacgttagc, gacagaagaa gcaccggcta actccgtgcc agcagccgcg
gt aat acgga 540 gggtgcgagc gttaatcgga attact gggce
gt aaagcgca tgcaggtggt tagttaagtc 600 agatgtgaaa
gcccaaggct caaccttgga attgcatttg aaactggcta gctagagtac
660 tgtagagggg ggtagaattt caggtgtagc ggtgaaatgc
gt agagat ct gaaggaatac 720 cggtggcgaa ggcggccccc
t ggacagat a ctgacactca gat gcgaaag cgtggggagc 780
aaacaggatt agataccctg gtagtccacg ctgtaaacga tgtctacttg
gaggttgtgg 840 «ccttgagccg tggcectttcgg agctaacgcg
ttaagt agac cgcctgggga gtacggtcgc 900 aagattaaaa
ct caaat gaa ttgacggggg cccgcacaag cggtggagca tgtggtttaa
960 ttcgatgcaa cgcgaagaac cttaccaact cttgacatct
acagaagcca gcggagacgc 1020 aggtgtgcct tcgggaactg
t aagacaggt gctgcatggc tgtcgtcagc tcgtgttgtg 1080
aaatgttggg ttaagtcccg caacgagcgc aacccttatc cttgtttgcc
agcacgtaat 1140 ggtgggaact ccagggagac tgccggtgat
aaaccggagg aaggt gggga cgacgtcaag 1200 tcatcatggc
ccttacgagt agggctacac acgtgctaca atggcgcata cagagggctg
1260 ccaacttgcg aaagtgagcg aat cccaaaa agtgcgtcgt
agt ccggatt ggagtctgca 1320 actcgactcc atgaagtcgg
aat cgct agt aat cgtggat cagaatgcca cggtgaatac 1380
gttcccgggc cttgtacaca ccgcccgtca ¢ 1411 2/2




<400> 2 k[ tgagtaatgc ctaggaaca 19 <210> 3 '.

18 <212> DNA <213> big belly syndrone '..

tctccgetgg cttectgta 18 fk[{l

<11.0>
<120>
<130>
<160> 3
<170>
<210> 1
<211>

<212>
<213>

DNA
<400> 1

agtttgatca
cagcgacaac
abtgcctagga
taatctctac
gggattagct
aggatgatca
gggaatattg
ttegggttgt
tgacgttage
gggtgcgagce
agatgtgaaa
tgtagagggy
cggtggcgaa
aaacaggatt
ccttgagceg
aagattaqaa
ttcgatgcaa
aggtgtgeocet
aaatgttggg
ggtgggaact
tcatcatgge
ccaacttgceg
actcgactec

gttecceggygce

AKZO Nobel N.V.

2004.01¢8

1411

tggcotcagat
attgaacctt

acatgcccta

ggagcaaaga

agttggtgag
gccacactgg
cacaatgggc
aaagcacttt
.gacagaagaa
gttaatcgga
gcccaagget
ggtagaattt
ggeggeeocooo
agataccctg
tggctttegg
ctcaaétgaa
cgcgaagaac
tcgggaactg
ttaagtcceg
ccagggagac
cecttacgagt
aaagtgagcg
atgaagtcgg

cttgtacaca

1/2

SEQUENCE LISTING

PatentIn version 3.2

big belly syndrome

tgaacgctgg
cgggggattt
acgtggggga

gggggacctt

gtaatggctc
aactgagaca
gaaagcctga
cagtegtgag
gcaccggeta
attactgggce
caaccttgga
caggtgtaga
tggacagata
gtagtccacg
agctaacgeg
ttgacggagy
cttacctact
taagacaggt
caacgagogae
tgececggtgat
agggctacac
aatcccaaaa
aatcgotagt

ccgecegtea

Novel bacterium and vaccine

cggcaggect
gttgggcgge
taaccattgg
cgggcetott
accaaggcaa
cggtccagac
tgcagecatyg
gasgggagta
actcegtgec
gtaaagcgca
attgecatttg
ggtgaaatgc
ctgacactca
ctgtaaacga
ttaagtagac
cecegeacaayg
cttgacatct
gctgeatgge
aacccottatce
aaaccggagy
acgtgctaca
agtgcgtcgt
aatcgtggat

C

aacacatgca
gageggcegga
aaacgatggc
gcgttaggat
cgatctctag
tcetacggga
ccgogigtgt
tgtttaatac
agcageogog
tgcaggtggt
aaactggcta
gtagagatct
gatgcgaaag
tgtotacttyg
cgectgggga
cggtggagca
acagaageca
tgtcgtcagc
cttgtttgee
aaggtgggga
atggcgcata
agtceggatt

cagaatgcca

<zlo> 2 <211> 19 <212> DNA <213> big belly syndrone

<211>
<400> 3

agtcogagegyg 60
cgggtgagta 120
taataccgea 18@
tggectaggt 240
ctggtctgag 360
ggcagoagtg 360
gaagaaggaec 420
gecatgcctet 480
gtaatacgga 540
tagttaagtc 600
gotagagtac 660
gaaggaatac 720
cgtggggagc 780
gaggttgtgg 840
gtacggtcge 960
tgtggtttaa 960
gcggagacgc 1020
tcgtgttgtyg 1080
agcacgtaat 1140
cgacgtcaag 1200
cagagggetg 1260
ggagtctgea 1320
cggtgaatac 1380

1411



<210> 2
«211l> 19
<212> DNA

<213> big belly syndrome

<40C=> 2 :
tgagtaatgc ctaggaaca

<210> 3
<211> 18
«2i2> DNA

<213> big belly syndrome

<400> 3
tctceogetgg cttetgta

2/2

19

18




