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1 Novel bacterium and vaccine. The present invention relates to a
Gram-negative pleiomorphic rod-shaped bacterium causing Big Belly

disease in fish, to a microbiological culture comprising said 5 bacterium.,

to a vaccine derived thereof and methods for the preparation of such a
vaccine, to antibodies reactive with said bacterium, to diagnostic test kits
amnbtethecuseafsdiddagterium. Over the last decades, world-wide a

strong increase is seen in the consumption of 10 fish. This equally

regards the consumption of cold water fish such as salmon, turbot, halibut
anuhepeknditrapitahfishisuch aShsiangedbaskitiapahmilafishaped bacterium

yellowtail,  amberjack, grouper and cobia. As a consequence. an increase
S B I OB Bty oI Rl i oo ot
thexinereasing Nesdmefdhévadatieetof ariimiethodsfofrtm eapasmionadf such a
husbandry, lar umbers.of animals.living closely together are ... th
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oreyen dankbavwriiafore the days of large-scale commercial farming. This

is equally the case in fish farming. 20 Recently, the inventors observed an
unknown disease in juvenile Asian seabass (Lates calcarifer) in a

. cOwBereiddiaehadey. indidonisia inrthe: legienswestash Jakbeteonkordling of

ically | I d fish at d 25 to 30 t i
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- imlgngthaRbdaitially itopaifohghtihat Astameshtins adajdhendhfisedybilowtail,

incogp]etg nutrition of _ the larvae during the live feed feeding (i.e. rotifers
a a?%?gﬁwﬂgw & made to enrich the live feed with essential

faity acigsdhieng!) antichesnhaf then e fcedhwithrsbeidmhtiesddivefish fams,

This only resulted in.a delgy of the onset of mortality, i.e. r
‘1N orde%/ to meet the mcreasai}{g neegs or%sfﬁe m:m(et. y

As is known from e.g. animal husbandry, large numbers of animals living closely
 together are vulnerable to all kinds of diseases, even diseases hardly known or seen,

or even unknown, before the days of large-scale commercial farming. This is equally

the case in fish farming.

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 early weaned fish at around 25 to 30 days post hatching.
At that momentin time, fish had an approximate size of more than 22 mm in length.
Initially 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 dela;jf 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.



mortality arose at 40-50 days post-hatching. It did however not decrease
the final 30 level of mortality. It was therefore assumed that the disease
was not primarily caused by incomplete nutrition. 2 Therefore it was
decided to further investigate the cause of this disease. This case showed
some resemblance to the following case? in 1997-1998, in a seabass
hatchery in Indonesia, a hitherto unknown disease was seen in seabass.

TherrdQrrol 21y drsidase WRHTTHEAFIER SAHEF A ERR &S Were found

to have a slightly swollen abdomen and showed sluggish swimming. In
the fish, bacteria-like organisms were qbserved thrquqsh histolc%fi,cal

This,gyeishstied SRR eRsoumlec P Jhe I RNINE (hidmE 46 L S CRsEghass
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Zafran, I.K, et al., in Diseases in Asian Aquaculture 1V, C.R.
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reporting of the disease has been made, let alone that attempts to find .
0%98&&5@@5&%3@%58&5@* ﬁ&%@%&é?ﬂﬁh?ﬁ%éd?’l@‘@% RGP fhihese organisms, so

the oaned Mg Jdisclosadhnere i enpsbMderhacausativesagenbelihigorted by
enigmatic disease_as well.as vaccipes aimin combating.and
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Cinveniands @RmvideshBamshid deiact e Fehtificiim causatiueiBgeotan o the
first aspect, there is pravided gram-negative pleiomorphic rod-shape

b AT SISy B S T B, OFCioR dFey et i Bpone tha

atkagieyivniedmpuses: albSlisRNAgesd@ivihidhitie 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 SEQ ID NO 1, 0or characterized in that the bacterium .

R B SRR L B e e B

eragniepictiedaie SE@IDNGcRineRdiBiitg givemRGR: produey eftB@3thddisease.

M%?esoev rallrts"slgnao Je%%q% 8a§ {ﬁ%(;éfetpeen@ﬁ%&rt?ghdt%dp%%@é NEIRUNS detect and
pleilomaorphic rod-shaped bacterium

identify the causative agent.

In a first aspect, there is provided gram-negative pleiomorphic rod-shaped bacterium
causing Big Belly disease in fish, characterized in that said bacterium comprises 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 SEQ ID NO 1 or characterized in that the bacterium comprises a
16 S TRNA gene that reacts in a PCR reaction with primers as depicted in SEQ ID NO 2
and 3, to give a PCR product of 903 +/-15 base pairs.

In a second aspect, there is proﬁrided gram-negative pleiomorphic rod-shaped bacterium
causing Big Belly disease in fish, characterized in that said bacterium comprises 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 SEQ ED NO 1 and characterized in that the bacterium comprises
a 16 S rRNA gene that reacts in a PCR reaction with primers as depicted in SEQ ID NO 2
and 3, to give a PCR product of 903 +/-15 base pairs.



causing Big Belly disease in fish, characterized in that said bacterium
comprises 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 nucleatide sequence as depicted in
SEQ ED NO 1 and characterized in that4he bacterium comprises al6 S
rRNA gene that reacts in a PCR reaction with primers as depicted in SEQ

IDNQO 2 and 3, to give a.PCR product of 903 +1-15 base pairs. 2a In a
Ing, H"Qs%@%‘fhﬁb‘?& & provR mmgﬁﬁ?a?%ﬂffar@m iAgaterium,
chaaeteriusd, ichiaiaskarizedde dhabpsaid eWidreriompyisgmadasiasium as

defined above. In a fourth aspect, there is provided vaccine for combating

Big Belly Disease in fish, characterized in that said vaccine comprises a

Inhagigin s dealinedahevrianthac.RRasmanauicad BacerpiabiR caEriaritn,
a fifth aspect, there is provided vaccine for combating Big Belly Disease,

hapagisrrsd A8 hA AL SAFPECOMBESHpReeEH Bngbahirgand @

pHasiREUmasdRliBedHRDQYEaNd a pharmaceutically acceptable carrier. In
a sixth aspect, there is provided antibody specific to a bacterium as

defined above. In a seventh aspect, there is provided bacterium as

In‘iaeﬁﬁﬁ%%@%{%é% M5 dRiBMARIBRe 15- A0 RIRAsREsLIeIRdgprovided

use of a bacterium as defined above, for the manufacture of a vaccine for
chegrisaifRg BitBemdDiseane comarpttndiestiad s frohaeqrinetasgefined
aHOFdRRPIGRAIAIRR R ipgasiclefingd above, characterized in that

said method comprises the mixing of a bacterium as defined above and a
pharmaceutically acceptable carrier. In a tenth aspect, there is provided

Indﬁgaﬂ%&%éas%}é% sSeigclionRfantinagies reAGHYeWID ARACEHIM.,

as defined above, characterised in that said test comprises a bacterium
as defined above, or antigenic material thereof. In an eleventh aspect,

there is.provided. diagnostic test kit for. t etegti f .
e S et SRR AR S e
comprises antibodies reactive with a bacterium as defined above.
In an eighth aspect, there is provided use of a bacterium as defined above, for the

manufacture of a vaccine for combating Big Belly Disease.

In a ninth aspect, there s provided method for the preparation of a vaccine as defined
above, characterized in that said method comprises the mixing of a bacterium as defined

above and a pharmaceutically acceptable carrier.

In a tenth aspect, there is provided diagnostic test kit for the detection of antibodies
reactive with a bacterium as defined above, characterised in that said test comprises a

bacterium as defined above, or antigenic material thereof.

In an eleventh aspect, there is provided diagnostic test kit for the detection of a bacterium
as defined above or antigenic material thereof, characterised in that said test comprises

antibodies reactive with a bacterium as defined above.

In a twelve aspect, there is provided diagnostic test kit for the detection of a bacterium as
defined above, characterised in that said test comprises PCR-primers that specifically

react with the 16 S rRNA gene of a bacterium as defined above.



In a twelve aspect, there is provided diagnostic test kit for the detection of
a bacterium as defined above, characterised in that said test comprises
PCR-primers that specifically react with the 16 S rRNA gene of a -
bacterium as defined above. 2b It has now been determined that the
causative agent of this disease is a Gra@?negative pleiomorphic
rod-shaped bacterium comprising a 16 S rRNA gene of which the

ucleotide seguence a level of identity of at least. 97 %, preferably 98.
B S DGPTSR S8 Dbl FSE BTty M0 SR oy enive
plsegurpiie asicdaisiedhaotethR DnYOsingSEIR ErRIDALgghows winéch the
nucleotide sequence of most of the 16.S rRNA gene of cteyi
AR ARG TR EOR SGFRTVR! BHShG T BIBTHDE nlie
prigvebl9fadentipdahthe sequarioa of $EQ He hQikandkthe cortespaspingd in
region of the 16S rRNA of the bacterium of which the level of identity has
ngglg}g B¥drmined. 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 3 the 16 S rRNA gene
ST HRSOnthg s the A St Acducspickarent Sl I R Nnattaas(el
baelddentiydhatis al 1eashhbaPreiarablyO8Yadmere Rrefermbly R the level

and most preferably 100 % identical to that of the nuclegtide sequence as

of ddsntifhsEaurNo DAY Iraddierpaetenthiracesionry thehes
rRINVERHR BudibHanAdirshanedimens ofdhgiipvisrtioneelaiastiaed.

Gram-negative pleiomorphic rod- shaped bacteria causing Big Belly
disease in fish wherein the bacteria comprise a 16 S rRNA gene of which

It {benarainetida Segue e tRsR 1RYEHOL deniinaliat leasiifedbaieiarallying
98 %, more preferably 99 % and most preferably 100 % to the 10

Big Rrdotiscaayichice 85 whishtbs mabptdpssiorrcnalfiearseahble of
software suitable for the determination of the level of identity is the Vector
NTI Advance" software and settings as described in Example 7.
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15 Organisms sharing more than 97% rRNA identity are considered to
belong to a single species (VanDamme et al., Microbiol. Reviews 60:
407-438 (1996)). Another, alternative, way to characterize the
Gram-negative pleiomorphic rod-shaped; bacterium according to the
invention depends on a PCR-test using primers that are 20 specific for

the. 16,2 IRNA gene spausnaa:ek kagtetis 86owding te-fhadovesien b NO 1
These primers, of which the sequence is de‘ icted in SEQ ID NO.; 2 ndgg,%

wisrea selekedddentinethapisafilest RE ity FI LR K OVel b RAEHRIFHS
SBS&%%%U)%J&@%MM%%@a&i@i\%&aﬂl@f@flmﬁlm\éﬁh@%@mm Butigatied in
0

with that of closelyrelated bacteria such as Photobacterium spp. and
VA Bpplanbit erdonet ok tes kiacsss BacRS R A& Brdn g T HE™

invention. The test, which is described in more detail in the Examples
section, is a standard PCR test. It is therefore considered that

GFhns. wdgativerdnraiithforsmapBdbaeiUtastig it Bliigmompie oo
diseasg indisha Qbwhighillerd1 ik aeneH et &b bikiatareaapone a 16
with primers as depicted in SEQ ID NO.: 2 (BBF-I) and S?éB?ER;?, tp gqve 97
aS pmzﬁog@aa@tfof&qh thye mackRld AR HISS BRTehG Y6! e gy of atieast
bacterim,AECOrRkAg iR, tsdnvanto ¢ hiwisdbeplisstapbadimant also

relates to Gram-negative pleiomorphic rod-shaped bacteria causing Big

Bl eiseasedvenst asrdrpictsdra TEEHRINR dene reacts ina PCR

reaction with primers as depicted in SEQ ID NO 2 and 3, to give a PCR

product 5 of 903 +/- 15 base pairs. A preferred form of this emﬁodigwog%tienmy is

reaian @ GramiiephivEmEHERRifordhe SRtBHTRIAR AL BRUSTS

Bglhdiseaserin fighaptavhichine. 16 Ssenivdaanebastadiavekemigiertity
of at least 97 %, preferably 98 %, more preferably 99 % and most 10

preferably 100 % to the nucleotide sequence as depicted in SEQ ID NO 1

a Gg%m%é%}la% GuSrERNA genereactin Al &R ceasiorwitiemtmgns a single
as depicted in SEQ ID NO 2 and 3, to give a PCR product of 903 +/- 15
bspcisaitY 2R AR A feMEd Ibith Bﬁﬂﬁ?é’vérﬁgbﬁﬁﬁ"e%@ {é¥kterium

according to the

Another, alternative, way to characterize the Gram-negative pleiomorphic rod-shaped
bacterium according to the invention depends on a PCR-test using primers that are
specific for the 16 S rRNA gene sequence of bacteria according to the invention.
These primers, of which the sequence is depicted in SEQ ID NO.: 2 and 3, were
selected‘ for their specific selectivity for the novel bacterium. They spéciﬁcally react
with the 16 S IRNA 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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15 invention is in an inactivated form, for reasons which will be explained
below. In another more preferred form of this embodiment, the bacterium
according to the invention is in a live attenuated form, for reasons which
will be explained below. 20 It is one of the merits of the present invention
that the hitherto unknown causative agént 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 demonstrated to be of

B TR flhena sl delberalniaaind e Aot ihe dipldained

Isease descri ereunder are frequ ently noticed. Up fill

BeMkiae diseastiisBabndsoasiin Sehbakshicls Brodabl AT B

%ggﬁc bet]; o t\b{?}glsease W” &8&%% tag Wppthatcyliyred -@guatic product
(5 ing aptyp|ca ou eak the mortallty lasts for about 1 to 3

weehs #i-fishbfranp@rd. g to 5 g. The survival rate is lower than 30% and
may even drop to 0% in the worst 30 case. All batches of fish can be
affected and the disease appears to occur throughout the Zﬂear 5

Eypteedtya@atmgﬁnhsusmbgmmmmel@gs feVPSIRENSEVETRBEIOPRN IR ARE

n while the maj r|t a sRMiHPaferieiNang-aah
é a%er b?ﬁgeprﬁiéiﬂ/usfﬁgg Lleﬁ %}%ég%g%] ?)kr(‘?ankrfgttart dIS Iaylr%%f;ﬁm;sa

tisenseisignsy dbuvdvest, Eb’i(/%ir PreferiiyctB e Doy ey
Sk 5200 2 SaeRsAn R e, av/dkpried fiﬁBE@Iﬁi'w@hpma@f

8% iSease signs, no ulcers, no white skin patches, no parasﬂesa no
fiphiH alier 06 Snd{hb\rgm@u@g!lﬂ m?éé%ma@%ﬁl&?@?ﬂ%lﬁéﬁ%ﬂ?ﬁ}ﬁ& m SEQ

Eﬁg\‘fqﬁri ke%'m%&l@ fg&%&%@@g"@ﬁh%&% sequently they

fhe &l section becomes very thin. The larvae stop
SW|mm|ng and can be 10 found separated from the group near the bottom

the tank. ent Bl ad-fishsamhre
Joa RS T A M b (R At s

invention is in an mactzvated form, for reasons which will be explained below.

In another more preferred form of this embodiment, the bacterium according to the

invention is in a live attenuated form, for reasons which will be explained below.

It is one of the merits of the present 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 demonstrated 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 disease appears to occur throughout

the year.
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The d_isease has been designated Big Belly Syndrome (BBS), thus

referring to one of the specific signs of the syndrome, the typical big belly.

15 The following |_nternal pathology is often seen: the internal organs are
Iumped together in an indistinguishable mass with slight hemorrhages in

th? liver and some parts of the digestiée tract (when distinguishable). The
spleen is usually intact and very red; all other organs, are engulfed in :
appandhit RABSESPRALWIRE PR IO G 2GS %E)%Sa?r%“ﬁ{ﬁﬁ e
auesdigestedayhstances: Thenewlyseiscavared cdusetive agsntyoiihenally
syndrome is now determined to be a_Gram-ne at%%ze rod-sha&o%g wWever. over a

Bcreritis! f‘ﬁ% RovBHGE QB FiHh STl BotE ee S TATb stiveen the
lisauas Andontase latdnsidehask et canpaiantlyfidivasaotebrapid 2éic.
novel bact_erlum Is, although highly pleiomorphic, generally 2-4 m long and
1-2 .tm wide and often contains an intracellular vacuole that typically

Stainsdeddn a@iRMaRwsiainxidardmple ol the novstoacterahBBE8PLiches,
has been deposited with the Collection 30.Nationale C{,llt'slgr de fsh
WMIEERIERISM ERCR@NACY AL PRER 205 REE? 5‘d‘§‘§ctléurs ouX,

g%%g%ﬂl gﬁrﬁg@? %ﬁ-‘ kBefiraneeirunge: leeesaioh cnlombBniEhOKy they stop
. e novel bacterium belongs tg. a hitherto, unknown speci

MSr b i85 SR RPRNAT ANA) B SEIBRCS P Bl ven be
ﬁ%ﬁ&:@@%l%@;%@f i By bahip aksenborenthaf iscdepictBobire QEQIDINO 1
reveals a level of identity that is 5 significantly, lower.t 7%:-whe
EbiopBrB BUSPE S04 P BeL e e (e
lﬁlgmggacten?m. Comparison of the currently available 16 S rRNA gene
sequences of the various Phatgobagterium species with.that of the .

R AR 45 o8 TN FUC R I Tl f
igentiveafc 33 (ouk SameaiachGopipartisabalith the currently available

16 S rRNA gene 10 sequences of the various Vibrio species reveals a
maximum level of identity of 95%

The following internal pathology is often seen: the internal organs are lumped
together in an indistinguishable mass with slight hemorrhages in the liver and some
parts of the digestive tract (when distinguishable). The spleen is usually intact and
very red; all other organs are engulfed in an apparent mass of fat with yellowish and

whitish apparently auto-digested sub_étances.

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
in/between the tissues and intracellular inside host cell, apparently in vacuoles. The
novel bacterium is, although highly pleiomorphic, generally 2-4 pm 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

' Nétionale 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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(for V. fluvialis, V.furnisii and V. vulnaficus). Table 1 shows the level of
identity of the 16 S rRNA gene of the novel bacterium with various
bacterial families/species. snpjpualds 'Aay 1 77 7;T -175' Z9SLZ~~1V~
snotpulnnA -~5 7-7 7:Z;x 777 -177 -aF -157 a 0 9to9oawv nsiwn} A -1;7
7~7 TIT 6090~1V speinnllAT (D O O‘?FM 01~~O000 bOMiIgOzV
m O O m- OMi O 69001V~ m b o aepaswep aell aswep'd 1 aeia~og5 W
bo,tiolll W~~oNO bp O aeiuow naudoinald

The novel bacterium belongs to a hitherto unknown species. Most of its 16 5
ribosomal RNA (rRNA) gene sequence has been determined and the part of that
sequence that is depicted in SEQ ID NO 1 reveals a level of identity that is
significantly lower than 97% when compared with even the most closely related
genera/species: Vibrio and Photobacterium. Comparison of the currently available 16
S rRNA gene sequences of the various Phofobacterium species with that of the
bacterium according to the present invention reveals a maximum level of identity of
93% (for P. damselae). Comparison with the currently available 16 S rRNA gene
sequences of the various Vibrio species reveals a maximum level of identity of 95%
(for V. fluvialis, V. furnisii and V. vulnificus). Table 1 shows the level of identity of the

16 S rRNA gene of the novel bacterium with various bacterial families/species.
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seen in the dendrogram below, the novel bacterium according to the
invention, the cause of Big Belly Disease as exemplified by three different
Big Belly strain isolates; BB 29th, BB E3FI and BB SB-3, forms a
distinguished species, clearly apart from the bacteria of the HAMP-group
(Haemophilus, Actinobacillus, 5 Mannheimia, Pasteurella), from Vibrio and
from the Photobacteriae. A. pleuropneurrnniae 4074T (0.0296) H.
parasuis (0.0401) M. haemolytica (0.0194) M. phocae (0.1091) M.
pneumoniae (0.1110) V.cholerae T asiaticus (0.0333) P. damsellae
damefae ATCC33539T (0.0353)
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6: BB 29th (0.0000) BB OR (0.0000) BBSB3(0.0011) V. fluvialis
ATCC33809T (0.0039) V. fumisii ATCC35016 T (0.0046) V. vulnificus
ATCQ27562T (0.0110) V. splendidus ATCC33125T (0.0287) 10 Basically,
a typlc_al PCR-based test applied for the discrimination between the novel
bacterium according to the invention afid other pathogens could be based
upon the following: The primer set to be used in the test is BBF-IBBR-4
[seebelowdn 15 BBE B TGAGTARTBTOTAGGAACR AHRTARE BERE4

5 TCTCC CTGGC Ve g‘sdcz,%g%t;@«ﬁl 41 Jgaleny HdtBell
eﬁé‘s‘%‘hé susﬁroef-:r %@ﬁgﬁ%” (%olume abo%[;f)gl) 1), is t fgbe‘go%iy By

itmm asewtwngEQér plélﬁel"{é@é BARR R Sader A fiTiogy geies, olearly
af%|emrﬂ%§u€ac 348 0 Rle&h DRTPLRGR (eadsdieslyadinabadighdouble

Water mersham BIOSCIenceS Cat no. 27-9558-01).
Huhseepent a5t e oabivot Filepardciompie PinHISER4{10 M stock
solution) is added. The sample is subsequently run using a thermal cycler
with the following settings: 9 Denaturation. 95C 2mins x | cycle
Amplification 95(“3@5150% 8’8@339‘5‘@3@%‘? f%?éyé L¥¥5C 45 secs 5
Extensiop 72C 5minsx 1y cyHe"ﬁ@i’HQIg fthe PCR-product reveals a
PGRproguct of approx%é‘@ PHARL 4[%alrs this “W%H'Vgs%%m)

dTmonSttaIes.thauhe-analqud bacterium belongs to fh &neumoniac (0.1110)

V.cholerae T asiaticus (0.0333)
P. darseliae damsellae ATCC335309T (0.0353)

BB 28th (0.0000)
___lBB E3F1 (0.0000)
BB SB-3 (0.0011)

FV. 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

follow'ing:

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

BBE-1 S TGAGTAATGCCTAGGAACA | Forward
BBRA S TCTCCGCTGGOTTCTGTA | 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, 0.5 pl of each of
the primers BBF-1 with BBR~4 (10 pM stock solution) is added. The sample is

subsequently run using a thermal cycler with the following settings:
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10 novel bacterium according to the invention. A PCR product of
approximately 903 base pairs is a PCR product with a length of between
888 and 918 base pairs. As will be discussed in extenso in the Examples
below, another of the merits of the present invention is, that a suitable
growth medium for the bacterium acco‘?ding to the 15 invention has now
been found. Bacteria according to the invention can now be q(rcgwnd' D
vitro. Thenskiliedoperson fAdS in ExampléBB8low a method for the

isolatiofgtlg)f tlftlleéagﬁﬁteriurgsa@cording to thedayention from diseased fish,
as wel aspflor urther growth 20 of the bacteriu&rirr% on suitable me ium

o . I
Therefore, another embotfiffient of the préa&htinvention relates toa e

microbial culture comprisig:a bacteriumygcgeeding to the invention. 25 In
a preferred form of this emtﬂ)odiment, the microbial culture congr' %NAD.
It is aghirtanseonf the merftd 6f the presen‘cfrf?l\li’éntion that, the causative
agent being known now, the development of vaccines became feasible.
The strong immune response triggered in infected fish, which leads to the
induction 30 of immunity against a second infection with the bacterium

according to the invention is in itself alteady an indication thal.yacgmgheon
I£ tealsieirofhs Plobiam S éfﬁ? Pnly‘t?ﬁé‘%%@%ﬁ%%?me
fisRage hanguprdsaithatthenenses ohartadempiztedmeiorienyelgaes” the

usually is too slow. An adequate immune, r nse; |.e. githabos
SQPprbesea R IFFRERER £ Lt 48D ABu 0 B O e T T e

thed r%fgggig‘la p@ﬁ@?rﬂm&ﬁwbﬂuddﬂtgimﬁmmméﬁ&mdiﬁéﬁ%{aﬁ@i§%1Fﬁe is
usually not available due 5 to the very rapid progress of the disease: 90%
of the infected fish die within days. ‘Because the pathogen causing the

diseaterhaseaudennidentfiiadaaBeanifeiaded, apuhants frrrsgnof the

would solve this problem because after vaceinat Jdrpmiinglegiaahe to the
(ﬂé@é‘?ﬁéfﬁ@&ﬁ*%@fﬁeﬂﬂ?ﬁ@té‘?ﬁtﬂﬁ%%obU| dup ]Blg?(t)ff%[g%g?ural infection

sHrike8ohGias now been found. Bacteria according to the invention can now be grown

in vitro.

The skilled person ﬁn‘dé 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 the merits of the present mvention that, the causative agent being
known now, the development of vaccines became feasibie.
The strong immune response triggered in infected fish, which leads to the induction

of immunity against 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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;I'hus, anot_her embo_dlment of_ the present invention relates to a vaccine

or combatlng the disease; Big Belly Disease, as caused by the novel
.bacter'lum, wherein said vaccine comprises a bacterium according to the
invention and a p_harmaceutically acceptable carrier. 15 The vaccine
acco_rdlng to the invention may comp‘r%e the bacteria in attenuated live or
mactw_ated form. Attenuated live vaccines, i,e. vaccines comprising.t

- hacterum accordinifhe dheammtisT eiisa i %ﬁéﬁﬁ%&é’g 8&%?%%33% Qﬁ?“‘“@

; i’ .
o T T S e lowt wecdmaton

. | ition, their replicating abilitjes.allow vacginati i
sd@)ﬁte%@&@t&ﬁsrﬁéhamwﬂa;tﬂﬁéﬁt Ade W,ﬁ%%iﬁcgaﬁb @ nscu%ffg\'é% ul‘rgw)t[illl%gmon’

tagggcﬁt}ﬁ% ltjtagu%rllg%er GXﬁ%OﬁhﬁdWﬁoﬁé?t@ﬁ@tﬁﬁ@m thathomemntagable due

. . .syst m will be triggered and will finally elimi . the. '
t@gtéﬁ? rtr@yd@@pm@gﬁ of the_ diseast IR afth Hﬁgk?ég‘gég}é%ﬁ;%gﬁé%ggﬁ?‘g@ﬁt
e e e bl
; ; .
omasiqngasahsvRtE S SHTEEOD SIS A TR B O
e YAl agﬁﬁhé’@'%ﬂkeeéae@ﬁﬁlﬂeaaﬂenauewaﬁdrvawhéﬁ’si,ftﬁéﬁoﬂ

fce the vaccination has on weight gain during/af inati
g/after vaccination.
sitkddherefore, 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. 11 A live attenuated bacterium i i
L, ! .bacterium is .
'ﬂlﬁ@,&xdﬂbeeaséwtbmréﬂfithiél?i@ée%Héf?%ﬁ?dﬁ?&‘t?%éﬂﬁvbgc}%ﬁﬁpkgﬁ%atmg

meptioned ab - Vi ' i aovel bdctsiiusa!
tg?:g&ﬁ%ﬁ%r%ﬁ%%%%%i%&%ﬁ% m%:gﬁﬂ EShiitallt){ 5 xceegmJ ﬁ?gé/
ehathinfectpdstish. W@amwﬁ@ﬁ?%%%%%&?é’?@ggnlé’\l}el HEVirule n(?:% s y

%@;ﬁ% reéi%rgrisgﬁg:enum that only induces disease to the extent that

The vaccine according to the invention may comprise the bacteria in attenuated live
or inactivated form.

Attenuated live vaccines, i.e. vaceines comprising the bacterium according to the
invention in a live attenuated form, have the advantage over inactivated vaccines that
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 areal
disadvantage as long as the level of virulence is acceptable, i.¢. as long as the vaccine
at least prevents the fish from dying. Of éourse, 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 2 vaccine

comprising a bacterium according to the invention in a live attenuated form.
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exceed 10%, and 90 % of all infected fish survive the infection. Bacteria

often pehave attenuated as a result of a decreased growth rate. If such

bactepa are used as the basis of an attenuated live vaccine, contrary to

the situation described earlier, the immune 10 system is triggered to the

IeveI_ necessary to suppress the disedde before the fish die. As a result

the flsh will not only survive but additionally, they build up immunity ’
against future infections with a fully virulent field strain. Attenuated strains
ﬁé‘,g&gﬁgﬁgg@?ﬂéﬁgﬁ%%ﬁ%hﬁ& aGieliaaceardingdadhg dnvaationdn
genic agent. Many of such agents are known in the

@%@?ﬁpﬁpgﬁtﬁmﬁ'&y@twtﬁw@mﬂﬁm Bhetsri s HEeA! e ¥5ns ©f
wth ynder temperatuyres i g g '
T A o B e e o
deaRapORIN-Oiuthgehesis [iSkldction ot bas s SRRt Fhatanteigree 1
cg}{s‘i%%ggg %aéué?e%%pns %\a{?orﬂ ?H&ﬁcgsodge?{g@ Wiamts),ake vvedl-kingvifitindbies not
. ly as"an éxample: a suitable method for selection of
slewegroningdrditsfislbimslyissldhgen ectbriiniroaay RAtes Rty
%‘gﬁ%ﬁ% gal'gﬂae rrFISnu vBation. by vigualselection péamallcelpniesusudot the basis
: e slow-growing and thus desired live attenuated bacterja. .
@_alr;eettemumed“nwueantsdscequarwfeééyzsmww&%ﬁﬁ&%‘f‘E?e‘i rié‘?rg%'ﬂm
w2 25.muagen foll et dnchbal o h sl enbmaliet-iberidsdic
| ative grow htemperature) or the optimal temperature, followed b
Nisuabsalettiofshiibset colyries rabeadsHinndimbey el b‘ﬁdgfm“m‘%’

%k])f-hcs)f '%6}%;%@8&6%%”&%{?%&%%@%%% atdhe optimal temperature.

vated vaccines are, in contrast to their live attenuated .. -
gg%ﬁtﬁ:?ﬁmﬁm m;g; isabitsedbyewmuigshsbRsieRAarsAtlnede ife
spite of the fact that the : ' ' i
T A R oL B A e 6 g ba e
?j@@ﬁfﬁﬁeﬁaﬂmyp : dgﬁmein'eagmgmmbm%fﬁewlaﬁ%fa@ﬁ%?r% imder
iseases. Fish that ar [SUbr aRtimakeenaitians, yecarrsh f
fﬁ’&“é’ﬁ{ﬁfg{gs %ﬁ?ﬁ%ﬁ%ﬁ%ﬁ%ﬁlﬁ?ﬁw tempe gﬁ :es, %%ul?agﬁcbﬁfﬁrf?oario
inactivatedcvadeiwel-known in the art is transposon-mutagenesis.

Selection methods for slow-growing mutants or for temperature sensitive mutants
(Ts-mutants) are well-known in the art. Merely as an example: a suitable method for

selection of slow-growing mutants is simply plating of bacteria treated with 2

mutagen 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 éptimal 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 contrast 0 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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5 Therefore, another preferred form of this embodiment relates to a
vaccine comprising a bacterium according to the invention in an

inactivated form. Many physical and chemical methods of inactivation of
bacteria are nowadays known in the art. Examples of physical inactivation
are UV-radiation, X-ray radiation, 10 g@mma-radiation and heating.
Examples of inactivating chemicals are B- propiolactone, Iutﬁgggehyde
tethylenesiminetangridemeddetyide. PReIRKTe & Peiss Bl e B Bta o™
Spowhow (o gppi.these mgthoss: Rieferabl e STkl sioaciaterpite

-f)rrgbsieo‘rjfacst'one, glutaraldehyde, ethylene- imine or formaldehyde. It is .

lvinsthatetpemehispkintuEsanag the abraRE dFem BagUE DS aRE™
in the present invention. Vaccines comprise the bacterium according to

the invention in an attenuated live and/or killed form, and in addition the

Tormyioas aupharmeagoutié Ao S ATOHFTEH FIBHAAACRGHER 5P e

cceptable carrier ¢an pe as Simpe:AsS Bctistiladuyater 20 or a
a;?ﬁ/%%%rgﬁgg glécﬁnsgo?zgttlon.l It can also be e. g. a buffer solution. Vaccines
according to the present invention may in a preferred presentation also

AR ST, U031 Auborealtodadi b A ksow

comprise substances that boost the immune response, of .the
ihakt ra homppeoiioRgsivelingt veiemBerloY diftirdia 'ﬁ%r‘i?‘(él oD
o i dhe At fmples el At {enentbeHsestinsfiab and
SRS fAtming are muramyldipeptides, lipopolysaccharides, s v:?%{
glusiahstand, giytantichaic stbolsorPuyias Wmawd%f*&?é%i? Person

overyiew, of adj i Ish-apchshgdfish vaccines is given in
e {r(\é\l}fle%ugi%e %{/{%ﬂé&tﬁa e_\i/?ews in Fisheries Scienc %@3 2%?-%88
magﬁa)m}amamha@cin@cmélwb&ﬁﬁ%@%%%l@é‘é‘%%‘? G fthyiene

venicle Is a co eﬁ&&%tﬁ Woishdhe baslariva adharesiwithoudbingria arc
LoVsleh y boundto i

it. Such vehicles are 13 i.a. bio-microcapsules,
ahicrardlgihates Hippsomdgasdiffcrosols, all known in the art. A special
form of such a vehicle, in which the antigen is partially embedded in the

Vaceines comprise the bacterium according to the invention in an attenuated live
and/or killed form, and in addition they comprise a pharmaceutically acceptable
carrier. A pharmaceutically acceptable carrier can be as simple as e.g. distilled water

or a physiological sait solution. It can also be e.g. a buffer solution.

Vaceines accordiﬁg to the present invention may in a preferred presentation also
contain an immunosﬁmulatory substance, a so-called adjuvant. Adjuvants in general
comprise substancés that boost the imﬁmne response of the host in a non-specific
manner. A number of different adjuvants are known in the art. Examples of adjuvants
frequently used in fish and shellfish farming are muramyldipeptides,
lipopolysaccharides, several glucans and glycans and Carb'opol(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 "vehicle". A vehicle is a compound to

which the bacterium adheres, without being covalently bound to it. Such vehicles are
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vehicle, is the so-called ISCOM (EP 109.942, EP 180.564, EP 242.380) 5
In addition, the vaccine may comprise one or more suitable surface-active
compounds or emulsifiers, e.g. Span or Tween. Oil adjuvants suitable for
use in water-in-oil emulsions are e.g. mineral oils or metabolisable oils.
Mineral oils are e.g. Bayol(r), Marcol(d3and Drakeol(r). 10 Metabolisable
oils are e.g. vegetable oils, such as peanut oil and soybean ojl, animal h
.qil BuUghoasctipefish oilsroeuiglant afigasgurie sad FRFIBIBHErSTARA! T8 °
derivatives. Suitable adjuvants are e.g. w/o emulsions, o/w emulsions and

¥o/w double- emulsions Very suitable o/w emulsions are e.g. obtained the
Stastisigrfrom 550% wiehigiter phdsd 15 andEs-S0% WAV &P&Sﬁ% At

more preferably 20-50% e )s50%6pive gikadjuvant.
Vﬁ‘?é“@niﬁf%ﬁ %(f'ﬁaj?ﬁ\?grslitag eﬁgggr%?g bﬁﬁ%ﬁurf of the ad ajvant d
Hiselfiang, tﬁmmﬁemwmwegp@@tqaes@feﬁ%r%mﬁ@%ﬂwﬁécﬁf@faé&%“ylp"““ 3
the m]t‘?[snrlflfacturerS 20 Often, the vaccine is mixed with stabilisers, e.g. to
Proe tH& Batteri’ from eing degraded, to enhance the shelf-life of the
vaccine, or to improve freeze-drying efficiency. Useful stabilisers are i.a.
SPGA, carbohydrates e, ital. mann alpse estatabadudiose,
9@)&@%’8’?@ Iﬁ%%gsgg?%%ﬁg%?gggﬁggggggwsg?ga@ein gr 25 degradation
prashiTisalersds, Mhndmifels asuels.- ddaamdal MeEet pRESIRHRER!

Preferably, vaccines according to the i@é@lrg'pﬂegﬁ@tsggr@mmﬁateﬁﬁ]maimal
Wéaﬁéﬁbsr%é&ﬁ ?6%m¥%8‘¥h%%%?t%n, the vaccines may be suspandeﬁ ina. e
physiclogicallyfabesptablaldiiaent siuglbus,arddarealany arsheH Way s>
f adjuvating, adding vehj MR ISP ErLERTS agaWwWISifyidgwirie-
gfﬁﬂ%%r? J%%@%Fs%r%g%%'%geﬁﬁ the present invention. 14 Vaccines based
spRndpactivated bacteria can in principle be administered in doses '
oo b5 0 ARG RRe i RRses:heiow AR batsuia/mighter phase
I.a, on
and 95-50% wiw oil adjuvant, more preferably 20-50% w/w water phase and 80-50%

wiw otl adjuvant.

The amount of adjuvant added depends on the nature of the adjuvant itself, and

information with respect to such amounts will be provided by the mianufacturer.

Often, the vaccine is mixed with stabilisers, e.g. to protect the bacteria from being
degraded, to enhance the shelf-Jife 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/presented in a freeze-dricd

form.

In addition, the vaccines may be suspended in a physiologically acceptable diluent.
It 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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pewesall ThenadofitisiiabioncproBestAplew BtRTeRariE LA

the method of inactivation, not be sufficiently immunogenic, and doses
that exceed 5 109 bacteria would from a commercial point of view not be
very attractive.. Vaccines based upon live attenuated bacteria can in
principle be administered in lower doses, because they multiply
themselves during the infection. Theréfore, although suitable amounts
would range between 103 and 109 CFU bacteria, amounts 10 between
103 and 106 CFU are preferred amounts. Many ways of administration, all
known in the art can be .appli 2 ingrientbeiaventones
%?BCH?‘%% ef%/%?é)rrﬁilr?%cteﬂr]eg%o t%%%&é%fliaq%ﬁeﬁg ?c%??%mersion, d;‘gﬁﬁn or

o t.d. O
with standard vaccination nracti I ccingd g adaninistereekd
t@l%%ﬁﬁ% SoR'dF Bfé]ragrrlé%%s%ge%:ﬁigﬁizfiég fgg%%%ﬁ ?ﬁgél?sé of vaccines in
porbmesiakvaddaouiiursdarmescRb poral Al SPARE T THeA RGNS is
preferably mixed with a suitable carrier for oral application i.e. cellulose,
food or a metabolisable substance such as alpha-cellulose qr 20 different
vilschfasigatabipar Animtés origirhasiss eratParEvE RS e HOMIRIEFS8N
of the vaccine to high co ' i ganismsnfallanadrby
R R i Ao

| fish..
Raisioganiy grbfemedricovowdrngs fortwieatibivan) Pt Rhfeie amounts
ccording 10 the ipvention.ale. ives nisms which are able t
B e i o

ate Suitable live-feed organisms include
plankton-like non-selective filter feeders preferably members of Rotifera,

temia, and.the like, Highly. ar isHbekHReLshrpHA Mamiaspnes
%gr%ﬁﬁiﬁré%gﬁm&%%%% %%rﬂ)gew gggmi_ze_d in accor%gnr?ce with standard

3 vatisinatitre praciiten Avgeefrduziararea AR ERIbRARREN DY
Bowden et al., .(Fisheri esearch ReLy Ingdcabaratenptimized in
REGE8R: @88#%%%%%5?[&%?2 from v%v%v%ﬁt?gﬁks@h.com. 15,6?}51;16}%‘2 aof

thedidirie: beitherteinatdd is ot vnipac AR IGHEEIRRRDREGIBERT OAYS™ee

via immersion or per oral, especially in case of the use of vaccines in commercial
aquaculture farms.

For oral administration the vaccine is preferably mixed with a suitable carrier for oral
application i.e. cellulose, food or a metabolisable substance such as alpha-cellulose or
different oils of vegetable or animals origin. Also an attractive way 1s administration
of the vaccine to high concentrati.ons of live-feed organisms, followed by feeding the
Jive-feed organisms to the target animal, e.g. the fish. Particularly preferrcd 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-fe.ed 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 administration protocol can be optimized in accordance with standard
vaccination practice. 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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vaccinate against Big Belly Disease in an early stage. In principle, it would
be tempting to vaccinate fish preferably at 0.2 grams, but certainly before
5 grams of 5 weight. Fish having a weight of < 0.5 grams however are
assumed to be insufficiently immune competent. Therefore, in practice,
one would try to vaccinate fish havind%l weight of between 0.5 and 5
grams. Since it is one of the merits of the present invention that it is now
possible to perform early diagnosis of the bacterium and of the disease,
ngntrg'o'%‘&%sgsf ants SUSh-AsiSeRietianeanhadieyeaped imorder b 1@ to
Ostpone outbreaks until fish have been vaccinated. It would be bengficial
viedda togairat e Bogellepwinpactay Hessr 5the invention, also
Ghigast ene. et fipbrnationenic mia gergRniam arinls. tefbanfgensio!
ganism or Virus or genetic material encodln!%es&%hb NRANHESRAt 1y
vinight SFeonibiiagerseabind, EXaspes BPRSISTals Edhmercially '
mporans 51 03 NARS0 19 P el R otsbocsriare hving
selae subspecies piscicidae, TenacgbaculuEn maritimumy . .ocont
e hddteriean $hS MddEIates sprosidpiorett P thétococcus 20
iqa0ins: FwpIdsiglalaiaG sy Mire) Wagrosis virls; ridsyivas anof
ol Herpesvirus. The advantage of such a combin tlog vageing is 5[3@&&0
thetiorisprovithes PAAREEBI AR CBIGBEIP DIE8AEe Ut aliso against
other diseases: 2% Jiigiefaieyaesfonaehitasm of this embodiment relates
Ho*d'Vaccine wherein that vaccine comprises at least one other
microorganism or virus that is pathogenic to fish, or one other antigen or
enels malerial ahcpding sichatbaraigenaidieinoaaid aotvediastigéhe
or genetic material is derived from a virus or mjcroor a”'smoP%EQ?ggﬁﬁ'Qnﬁgen
130 dmtiish a6 2T hesst pna pHaTe HERIRAEIBIITIFIRR &B0UIment, the

°§h85hm1£%?3’69%%% OF Virys Js selastemkioml e fdinynghyroaptigen in a
Hotorious com ercially important fish
combination-vaccine.

Examples of notorious commercially important fish pathogens are Vibrio |
anguillarum, Photobacterium damselae subspecies piscicidae, Tenacibaculum
maritimum, Flavobacterium sp., F lexibacter sp., Streptococcus sp., Lactococcus

garviae, Edwardsiella tarda, E. ictaluri, Viral Necrosis virus, iridovirus and Kot

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 anfigen or genetic material 1s derived from a virus or microorganism pathogenic

to fish.
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pathogens: Vibrio anguillarum, Photobacterium damselae subspecies

piscicidae, Tenacibaculum maritimum, Flavobacterium sp., Flexibacter

sp., Streptococcus sp., 5 Lactococcus garviae, Edwardsiella tarda, E.

ictaluri, Viral Necrosis virus, iridovirus and Koi Herpesvirus. All vaccines

described above contribute to active Yaccination, i.e. they trigger the

host's defense system. 10 Alternatively, antibodies can be raised against.
Tihe bacteriummaetorai e tlehinvamrshng e dhrpBrs BrEH B2 obaeq s
ifrom ‘?éﬁ'%%%Hé%%wgldg%%{ﬁﬁéf%t&%&él@@%@i@mﬁgﬁb@mﬁbﬁd}e;

can then be administered o the fish. This method of vaccmatlon&pa ive

petioairatidfibisakevabaTati T ooeHeIEE I EAAH SHiRHAFRS it €4ty 4%

7nfected. and 1here:is.Re Fmemualiowihe naturabipmune apodsa-tahe.,
15 triggered. It is also the preferred method for vaccinating animals that .
Higes

Lareopronestgaside drinieidiade dorprés<eid “ind ByIReare g Bl i BEdes s

a{l%aﬁ%jy% ' %Smglggacterium according to the invention can in these cases
Interfere with the bacterium according to the invention and thus suppress
Big Belly Disease. This approach has the advantage that it decreases or

ASions Blg Belly Risgassevsionment odepsndantein2Odhadishidmmiiee

status. Therefore, one other form of this embodiment of the invention
hesiistdsfense vaeEe for combating Big Belly Disease that comprises

Aaptipogies reagiveuitLhacielisPreamdingdodbriveatostding @ the
pharmaceltically acceptable carrier. 25 Still another emé)odime% %Elthis
inveatitionrelatsabiiis Mlsaniee YR Him HEterY PR AHIRG S as

AnveRtian,Antibedies.ranisernRgrisihaniriaaceoldngio The method of

invention can be obtained 30 quickly and easily by vaccipation of.e. i
Vpiys)PEulyeaH Eeg AeRAonith haraveisd Bacteng S EdiiAg BHRe"
ADVEANONID &0 WAL IO iaksReN RN iewad] afiefuhd respontdauibe

weeKs, by bleeding, centrifugation of the coagulated bloqd %nd decantint%
triggered. It is also the preferred method for vaccinating animals t at are prone
sudden high infection pressure. The administered antibodies reactive with the
bacterium according to the invention can in these cases interfere with the bacterium
according to the invention and thus suppfess Big Belly Disease. This approach 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



10

15

25

30

of the sera. Another source of antibodies is the blood or serum of e.g.
seabass that have been 5 naturally infected with bacteria according to the
invention. Other methods for the preparation of antibodies, which may be
polyclonal, monospecific or monoclonal (or derivatives thereof) are
well-known in the art. If polyclonal antibodies are desired, techniques for
producing and processing polyclonal sera are well-known in the art (Ge.g. .
dtaydpandenksiten, lesdingrambehemienl i sersadysCinadgd decanting
Olylf%llgg%@r Biology, Academic Press, London, 1987). Monoclonal
antibodies, reactive against the novel bacterium according to the

invention can be prepared by immunizing inbred mice by techniques also

Knawn inthe artdsehierandiMitsiein oNaimrg, 256 g 49537 19 Faye tock

vaccine can also be prepared using antibodies prepared from eggs of
reiickén indsated aitbasteriacsroataRinths PacaHe S ccording to the

Slﬁi%{h%%@ﬂﬂ@?%%}a&%@fﬁmmw%aecfpﬁ@gab@gmm;am;ion of

“the antibodies is prepared, in which the antibodies are mixed wit

an
reclilofp ez fiterrsuoneelait fO0tErPe Bir ) SR REA FORdDE it
&@1&%%{%9{@&%&%@&%&%@@5 asepreing i theiipuartsnghatycional
co

prises the admixing of a bacterium according to the invention and a

sptraarnacdblisamndsdbsmm e caMayepand oY aliehn sl BRI tes
NR A RetReLfonARaVRERRAIALIBIL RS VASSIRe @ IR iRl dhe TinyBntion

that comprises the admixing of antibodies reactive with a ba teriurgPe

Mevordingl wntioficoigasiiiad SHBRENR RO GHbAR Y0 PTABIE RN
AORIRANI0BE %@B&@W?&ﬁﬁﬂﬁzﬁ’ﬁ%ﬁﬁﬁ%&&%ﬁw@l@iﬁﬁmmwﬁﬁ)wn in

according to 30 the invention for use in a vaccine. 18 Still another
therisbiplier endhM PrtaiantvERdoR rEi2rdS o 1HEUse of a bacterium

according to the invention for the manufacture of a vaccine for combating

‘Big Belly Disease. ) o .
A vaccine can also be prepared using antibodies prepared from eggs of chickens that

have been vaccinated with a vaccine according to the invention (IgY antibodies).

Preferably a vaccine for oral administration of the antibodies is prepared, in which the

antibodies are mixed with an edible carrier such as fish food.

20

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 aniibodies reactive with a

bacterium according to the invention and a pharmaceutically acceptable carrier.

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

the invention for use in a vaccine.
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5 As mentioned above, lethality after bacterial infection can easily be up to
70-90% and can even reach 100%. In addition to this, disease strikes at a
dramatically high speed. Thus, for efficient protection against disease, a
quick and correct diagnosis of Big Belly Disease is important. 10
Therefore it is another objective of thislifivention to provide diagnostic
tools suitable for the detection of Big Belly Disease. A diagnostic test kit

b dctothenctRBodanatic Brerbecink b MG PHE Teahddrgrrivm
antigenic material Sfithatbagieiumand.therefora-suitalie donhentBig Belly

detection of bacterial infection may i.a. comprise a standard ELISA test. In
BrE®gample of such a test the walls of the wells of an ELISA plate are
coated with antibodies directed against the bacterium. After incubation
with the material to be tested, labeled antibodies reactive with the

pactsntinpetebidelr Al Wsbas EoRIIESEABIIREASIEBEIEAH 70-90% and

eIesepse-atRnboeninRalers of the, keateriumicg dheselais stithaneihereed.
embodiment of the present inventign relates to diagnostic test kits for the

bvscitBrdrigeRie R BT s Btk eid reusckALganshrEbie

BBlboslies FeRGHYsH Y 8 bacterium according to the invention or
antigenic material thereof. Antigenie material of the bacterium is to be

interpreted in a broad sense. It can be e.g. the bacterium in a

tiginirgeated asmeosasipial PRYcipRe ol esiptB Rompiising: hastesidtable
outer membrane proteins, just to name a few. As long as the material of

frrcthadeieriionebBie R ahiseiim raised against the bacterium, the
material is considered to be antigenic material. A diagnostic test kit based
upon the detection in serum of antibodies reactive with the 30 bacterium

AdigraniitdatidihvatdotPan dim SrErt e Ot A bR e TR Afs e ivn B isig

iBelytiseAsiNRYCAISAdrda ] GCINRK S destiandaid trdk3brdastitABis Ueh thdest
the walls of the wells of an ELISA plate can e.qg. bg coated gith the

FABRERD A SeLkTRh P HRAISA & RISRPEP & ARMIR mferiat i dBrORfer
dnapbadion il dhenmateralio badtesiodo fabeird sntadiasreattyevimith
the bacterium according to the invention are . . )
antibodies directed against the bacterium. Afier mcubation with the material to be
tested, labeled antibodies reactive with the bacterium are added to the wells. A color
reaction then reveals the presence of antigenic material of the bacterium.
Therefore, still another embodiment of the present invention relates to diagnostic test
kits for the detection of antigenic material of the bactertum. Such test kits comprise
antibodies reactive with a bacterium according to the invention or antigenic material
thereof. Antigenic material of the bactertum is to be interpreted in a broad sense. It
can be e.g. the bacterium in a disintegrated form, or bacterial envelope material
comprising bacterial outer membrane proteins, just to name a few. As Jong as the

material of the bacterium reacts with antiserum raised against the bacterium, the

material is considered to be antigenic material.

A diagnostic test kit based upon the detection in serum of antibodies reactive with the
bacterium according to the invention and therefore 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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added to the wells. A lack of color reaction then reveals the presence of
antibodies reactive with he bacterium according to the invention. 5
Therefore, still another embodiment of the present invention relates to
diagnostic test Kkits for the detection of antibodies reactive with the
bacterium. Such test kits comprise the’bacterium according to the
invention, or antigenic material thereof. The design of thg Immunoassay
imvagiivaTyT Fof eEmPRISKE RFRIn xR CbanR BELREHTESH ©
Lampelitionsordirselaeactian. Gurhesmarerpratecalsimaydise sokdtion are

supports or may use cellular material. The detection of the

cakitioayhamidtin AclFioRbE e FTBITRLNE LREF ISeTA S pdies
%‘?’x?e'@"i%‘ﬂ%b%t&%ﬂﬁﬁ‘@&%ors hes fiuerassent-, chemolumlnescent-

I0-active- or dye molecules. Suitable methods for the ete tio,
<i{' nostic test

'HNIbﬁm‘ﬁE@FB@éﬂt@W@%EF@fﬁhqBr%ﬁ@l‘ﬁ‘ﬂl%)ﬁ‘rg BrEsent itkention

Undhs: '@dﬁsﬁlgﬁa&n@os%ﬁr&%dtm&e@ummm@;ﬁmmaws(ﬁmm)
immunofluorescense test (IFT) and Western blot analysis. Aver uick

mpgagyha.agﬁe@ﬂmte@w&%@ﬁs%.Wd%fé%e%fe%@ sheieal e
bacterium according to the invention is a PCR test as described above,

comprising PCR-primers BBF-1 and any of the primers BBR-2, -3 or -4,
Preferalblﬂydgﬂgﬁ aftdstiaURPHSaX AP AT §8E1€Bﬁ?f3ﬁ$en BETHERYY

PIGIed hoER. éﬂ@on?opﬂfﬁec{t@mtvlm&eﬁﬁmf@ phadenbrenay use

pr| ers can be used than the four primers identified 2

et ovatmenson s aeU i BB e SRNEHTLE e RS aner

ﬁ@%@ 9606:95 Big Belystiainsdhis alisayssthpestabed nﬁl,sstm, ﬁozsatemple
out any additional efforts, other selective primers b ey r?éoeatlng
tth@yme&hﬁmﬂ@‘@éﬁbeQhﬁnEkWéC?nFo’rrﬁ%c’séfé’&?or?‘b‘il{(ﬁér\‘ﬁ our primers

Shownm&gle%émqm%tMY&&ﬂfcﬁles]x@a‘StI%NfAtgerimcteﬂum
sequence provided by the present invention Wli #%30 knowr]lin}%@?
arnmligene bequesied orsaiendadiesample BBl JersaE s

develon athier spesifie PER)PHmaiaan siagaasticte¢is Tynthe\Weseatidiaf
a Big 20 Belly strain and/or the discrimination between Big Belly strain
ardy®ither bacterial

A very quick and easy dlagnostw test for dlagnosmg the prescnce or absence ofa
bacterium accordmg to the mventmn is a PCR test as descnbed above, comprising
PCR-primers BBF-1 and any of the primers BBR-2, -3 or -4. Preferably, such a test
would use the primer combination BBF—l/BBR—4 as depicted in SEQ ID NO.: 2 or 3.

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 TRNA gene sequence provided by the present invention with the,
known, 16 S rRNA gene sequence of other bacteria, the skilled person is able to

develop other specific PCR-primers for diagnostic tests for the detection of a Big
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(fish) pathogens. PCR-primers that specifically react with the 16 S rRNA

gene of Big Belly strains are understood to be those primers that react

only with the 16 S rRNA gene of Big Belly 5 strains and not with the 16 S

rRNA gene of another (fish) pathogenic bacterium, or group of (fish)

pathogenic bacteria. Thus, another erdBodiment relates to a diagnostic

test kit for the detection of a bacterium according to the invention, which

Bedyhasasadharbetdsstio fedionetiaein 15 e Selbrisea Per phmers that!
S?éifiacgll&/ éggct with the 16 S rRNA gene of Big Belly strains. A

(g(r)e Piea¥orm of this embodiment relates to the specific PCR-primers

BBEiriands BBRZcif arbareansid thefeer8dHovm amnil Bty affguns are

relates to,such specific. PCR-primer < i i

R S R R

organisndsiahe gsthbliKhfvdti of gepeinfamno therdfish) mabRgen fmbariatE or

check i tive . the disease could be a bacterium and, if

o Rnoggge%}i%%ﬁé%égﬁé%%%lg%gfaé the hitherto unknown pathogen, a small

batch (200 fish) of fish showing disease signs was brought over to the

ﬁ%?&&%@f%&&ﬂgm@m@sim%@a&a@%&q@aﬁy showedibg of a

presence of bacteria. Samples of the internal organs were plated onto a

hanietyof soedidin g aeibly inBlobonagardr SAt-hapasoriarptépistc feature that it
BipMeticuo ypEAss a0 ATk NACIROFRicana,aRoABH Belly

aCl Luminescence méedium with 0.5% NaCl Brain Heart
difgsion agar 21 Thiosuiphate Citrate Bile salts Sucrose agar

A preferred form of this embodiment relates to the specific PCR-primers BBI-1 and
BBR-2, -3 or -4.
A more preferred form of this embodiment relates to such specific PCR-primers BBE-

1 and BBR-4, as depicted in SEQ ID NO.: 2 or 3.

EXAMPLES

Example 1: Primary isolation of the organisms and establishment of a primary

isolation medium.

Tn 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 medium with 0.5% NaCl

Brain Heart Infusion agar
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Vitox medium Marine agar MacConkey agar 5 Arnacker and Ordal
medium Arnacker and Ordal medium prepared with seawater Caseinase
agar Streptococcus growth medium 10 On none of these media a growth
level was obtained which corresponded to the abundance of the bacteria
seen in the impression prints. Howeven ifrom 3 fish, small transparent
colonies were found in the direct vicinity of Gram-positive contaminants,
I.e. bactriad dolonieSioacuBirgsemstiecphates:as a 15 contamination after
3-5 day\%.itncuba ion at 26C. Only few of these small transparent colonies
appeared ah é%nly located closely to the contaminants.
Gram-stéiniing agf:these colonies revealed very strangely formed bacteria

of varialpée ?geg and often approaching eukaryotic cell dimensions.
These colome e?‘g‘%nly found on blood agar plates and not on any

other miedisrkeBind Datanhpldies without contaminants did 20 not show

these colonies. Subcultures of these were tried on Blood Agar and on
Blood AYSPTEh TS CISHARTRARD TRE s T R o feouiney

inoculatieseifsbeighivires were found to be present only when the

cross-fggdir}gcstgg&n Wa‘sxr%:es%nt. Furthermore, growth only 25 occurred
when & rather PargéS MM TG 18R ulum was used and growth only started

at the first streak and than progressed slowly towards subsequent

gﬁe%ksé J f:oslata i%lésgratewd E] the novgl bac erﬁ rg}guired nu igentst r
oS R WSRSTIRAY BRSBTSl TRR ISR SR8 OB R BE 50
Sinoéacoefatthrshaweel apparénthe resprieesdo pyagsthen evaluated whether

the bacteria could grow on: Marine agar with fresh yeast extract 22

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. Furthermore, growth only
accurred 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 on:

Marme agar with fresh yeast extract
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Marine agar with yeast autolysate (Oxoid) Marine agar with Vitox (Oxoid)
However, none of these enriched media showed growth. 5 The ability to
grow in absence of presence of CO2 (5%) was evaluated with and
without cross feeding. Only cross fed-colonies grew and CO2 did not
increase the growth performance. 10 8ubsequently it was evaluated
whether the strains could be grown in cell culture, given the apparent

cell-bownginaturer asivasdoundipsirpressiat) prints. Growth was
evaluated in Brown Bérlizu,ead (g%e{ills %nd in grass Carp Ovary cells both in
and witHGESHE Prasenc BB antibitics. None of the cell cultures yielded
growth. 15 In farther tests it was found that the strains could however be
subcultured, without cross-f%ederstr ins, an ngg_plasma medium

DIt S 4P BESE KD 1B RN " and Fresh Yeast Extract).

Additional testing showed that the bacteria grew very good on Chocolate

A 20 | ted with Vitox (Oxoi it ' = ,
SIS T PN AR FROEHISHS ARG VAL ML A .

fortis Ase fetahieOnsteagsofititotoisets ghatalend (B84 Jlid het increase the
combjnatigns of the above isolation data suggest that the media for
EOMHRESH RN 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 i -of

SRR B A BRI P T g R e
Mitex tHEngs @vhiedptbebestunestivas 65 tind BOimpdissiesivthte A was
growth. Culture conditjon evaluation indicates, th e :
SN A B Rr O e 5 e g Byaion and thout
BigBelin Risraseibio g efdaesifithe thal dishane;, wddedreofilrenile

seabass without any disease signs

Tn further tests it was found that the strains could however be subcultured, without
cross-feeder strains, on Mycoplasma medium (Mycoplasma agar base; NAD, L-

Cysteine-HCI and Fresh Yeast Extract).

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 TsoVitalex (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 mdicates that plates can

be incubated at normal atmosphere at 26°C.
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was placed in a clean water recirculation system, equipped with an in-line
UV system. Contamination of healthy fish through polluted water could
therefore be 5 excluded. However, disease and mortality also developed
under these conditions, indicating that the disease was already present in
(some of) the fish. Two days after arriyal, some fish became dark and
thin, swimming out of the group. Subsequently these fish developed Big

Belly Dissase and isd, Oeri K deys mortalty increased 10

\I/e ishrat the end of the mortality period. The

fisbritvatosundyederéisrased iietefisdemiestiGaE T B Hiker It e thig™®
Pl oLISh IS Qe nSANIR da TS CXRBAIBRRG RS RIaviAad Meighvin

& Edlirse of the disease after infection. 15 Example 3: confirmation of
suﬁabi|i@uot@h@pﬁm§hg@réﬂoﬁﬁhn@m@a§§%%%ﬁﬂﬁf M@@Fé%’f&?&n
of tp%eb(flcterium according to the invention from diseased fish. In order to

€onfirm the suitability of Chocolate agar supplemented with. Vitox a

imaryrisBiationambiors i dserifeel e EIHEI - TOGF eAC g
%’% 414 rgsceu@éstQ%Jﬁgg%tﬁmé@%érﬁmﬁ phdepammirectlydniome
S

ocolate agar 20 supplemented with Vitox. Two days after inoculati
G anthendazkiveGioRthiRE B BaM O heraralistH RSFAREY: fﬁhf‘eg%ﬁg&

95%%“ A B@Ci%}?yff%@%é&eﬁ?d%ﬂmp BScshwe antheonfimsithatdiraed

an SSIvV ation of the organism was possible and this firmed

dneikidibott a8 Grienfin U EEPASTBEPRICHRY Qﬁ@ogfd%ﬁ i that

g@ggg&%@l %Agmﬁgaﬁ@(j&%q impression prints. 25 Subsequently, from
eabass

another ss hatchery in Singapore (unrelated, tg the farm in

Ficonesia)tyeenheervadin ittt dskiisE VFerd L35teY. Direct

' E%Pmé’ﬁ'tfﬁ%ﬁfg%mmﬂgﬁtq& Weltas-ihe MBcnsaapis fRyahfatiomof

Psr%§§ R
ISease signs an ternal organs showed the presence of similar

organisms. Samples from these fish 30 were plated as described above

for the indonesian samrles,itb sermies hiated:yiekiesom pwiheaium
y type, Similar to the earlier found i .

for direct isolation of the bacterium according to the invention from diseased fish.

In order to confirm the suitability of Chocolate agar supplemented with Vitox as
primary isolation medium we sampled the internal organs of diseased fish (in
particular the fat/granulomatous tissue in the abdomen) directly onto Chocolate agar
supplemented with Vitox. Two days after inocﬁlation 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 iikeﬁhood 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
Tndonesia) 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 organisms. 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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colonies. 24 This implies that for the skilled person looking for an

gxample of the bacterium according to the invention, it suffices to obtain a

f|§h suffering from Big Belly disease and sample the internal organs

_dlrect_ly onto chocolate agar supplemented with Vitox 5 as primary

|sola_t|on medium for the growth of theXgacterium. An overview of strains

obtained from different origins is given in Table 2. Table 2: Strain

collection of Big Belly bacteria Strain Isolation Country of Original code
alation. code qrigjn isplation medium, INS-A44 s lpdanesia QR

JQRS fﬁ’é]ﬁﬁgsaﬁecg %gse n%ﬁ)eng Sia %P%gﬁl%?ﬁé%%%@asg Indonesia

E3biiMyenplasnvantNg 527 eabisstttionctih P Bangiom I sB5hy<Esease

indonesip 13 84, INS. 529 s50ass Jaflonesia B1BASB T anebastn vit

ThaShHE: % Eﬁ_@t&%ggaggagégir gg}ié%basg Iné%ﬁ%%aa BB-4 Choco + SB R

és}]ﬁ&sﬁabm&ndmwhm:ﬁ@mmh deheasteeuBass Indonesia BB-2

oco +. INS.598.seabass Si 1 INS S99 ge8Rass
ShosIe Ty ShaE R B I BB TR 60
seabass Singapore M9 Choco + 10 Example 4: Identification and

pisipa0k, LENLIe03con A AAIB LR Gram negative and very

eiomorpnic in appearance.”so acteria
Strain Isolation | Country of | Original code Isolation
code origin isolation- medium
INS 445 | seabass | Indonesta 0% p BA
INS 454 | seabass Indonesia SB-3 ~ BA
‘INS 512 | séabass Indonesia E3F1 Mycoplasma
INS 527 | seabass Indonesia Fa BA
INS 528 § seabass Indon__esia 3 BA
INS 529 | seabass Indonesia F1 BA
SB 1127 | seabass | Indonesia BB-3 Choco +
SB 1128_ seabass Indonesia BB-4 - Choco +
SB 1129 | seabass Indonesia B3-5 Choco +
SB 1138 | seabass In&onesia BEB.-2 Choco +
INS 598 | seabass Singapore Fl Choco +
INS 599 | seabass Singapore "F2 Choco +
INS 600 | seabass Singapore F3 Choco +
INS 601 | seabass Singapore M9 Choco +

Example 4: Identification and histology

Light microscopy. _

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

pigmented. They were non-haemolytic when tested on horse blood agar.
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15 showed an intracellular black dot (vacuole). Colonies did not swarm
and showed a typically raised, white center. They had a light translucent
outer rim and were non pigmented. They were non-haemolytic when
tested on horse blood agar. 25 Fresh tissues from fish were pressed
lightly on clean glass slides, air dried, afd stained with either Giemsa
stain or Gram stain according to standard procedures. First observations
pfemezﬂ@gasen@mﬁanmmqimsengagﬁsmmeneamgﬁmmmmﬁ itnipriessibn

prints from intern ansofaff tedfsh Typicall the internal or
PR }f ﬁe%a 1o gEMmET RS %lf'r‘n%%% co%parazmde o asc,%?\lllécs

adhesions and an apparent proliferation of fat tissue. In impression prints

roups of o anls were seen of.1 to 5 m lon Iocated betw
ggﬁgo%?ﬁ\(@ LRPIY BHG RRTSAIS Wi u%‘ er‘é%og%%na earedmas if t]ﬁrgﬁ g
iﬁ@ﬁ&ﬁoﬂ;@ymﬁm&cﬁﬁlimdmﬁirargastmﬁ Hf@thﬁid’[gjarii‘sm«s&ﬁmeue mtemal organs
ve and o sho ed a clear halo_around the stained cel

ARG T S DA et M T GG LS i tons and
ﬁeb@;h&r@ﬁﬂpeo@@mmmckﬁa@amapparent Typically the organisms

%e ed bl alar stalnln% tralt oftev[; oebserve £ esc goi{ed f&ra ? cen

PSR Fg}fg)gé%ué’ 5 amfé%ec? % 5r|g 0 &range%h facellular

ﬁmto@rlyamﬁlﬁﬂlﬁgwer%amarﬁ‘ﬂ emscchtsined zambappswmcbamif shepvinglocated

the ‘f Ye indicated characteristics. This shows a Giemsa-stained
Ppress gh print of the spleen of Asian seabass showing bipolar

Hp@mﬂﬁﬁaﬁcg)tl’m earoishanatbé Cvacuoteh(singe aftewyh@@ed a clear halo

Conc on Coccoid to r ha d basophili -ne atlv
ﬁﬁg};&ﬂ)%ﬁff‘érﬁtlhné{) %1%} org NS We&f(e"El %éva%l sFevere

IﬂﬂGﬁ@ﬁiganiMﬁg mwﬁe&ﬁmlgbﬁmmm veamtierapparehbel ghsatiedin

internal a Igf?omma(i ns and tlss ever chr nlc anulomatoys

¢
R T P B R g e s L e
gdaﬁmmaﬁemmmmmmmwmmasmmm@a istomelbifpasht or
\\//é%(l:zg{al é&{%sfw 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 f_roni

stomach) and visceral fat tissue.

Electron microscopy

Tissues were fixed in Glutaraldehyde and processed to ulira-thin sections according
to standard electron microscopical methods.

EM analysis of the sections showed numerous, relatively large (2 by 1 um), ellipsoid

organisms. These organisms are surrounded by a membrane or cell wall. They could



10

15

20

Electron microscopy Tissues were fixed in Glutaraldehyde and processed
to ultra-thin sections according 30 to standard electron microscopical
methods. EM analysis of the sections showed numerous, relatively large
(2 by 1 p.m), ellipsoid organisms. These organisms are surrounded by a
membrane or cell wall. They could 262be found either free in the tissues
or intracellular, surrounded by a host cell membrane, i.e. in a vacuole.
Keharacterisicalby ithe orgenismsi aoatainam, inalusionebody earaetole
(300 ran diameter) contai non-elec nse material. 5 Figure 3
RO R B A Bler T CEN T U R B GO T e usion
wooyiclagiodd appearanieemitansconoingacbibalthe ndgay snsyigre
most likely rather large bacteria. Further analysis showed that the
organisms were surrounded by a biological double 10 membrane (not
BilaayerD ancvihat Bpibdirai frissasadlidieusgdhiess.observations rule
out the possibility of a protozoan and are in line with Gram-negative
bacteria. In conclusion, the organisms are Gram negative bacteria.
Rigatiisinn ﬂi@dﬁﬂiﬂ@g&ﬁ'bﬁp@éaﬁaﬁedt enmiheavercki stalagicahaidaly sisit
IS CO ded., that the organisms observed in Asian seabass (Lates
Iggfégl%ﬁg k. LH'F ?%&?r‘?}#ﬁs are Gram-negative bacteria. The bacteria

Iamﬁﬁtmﬂ]ly@mhsﬁema ﬂim tl%mxasﬁlmrﬁmeeiuﬂamm@bmsmebcal double
oles The act Ion and mw eandb
ﬁn% ﬁ (¥ '%%Sfﬁ/ IH.IC O SGW& 10118

ains re infa'Giemsa stain.

raﬂs Zﬁt qumm &@ewﬁh@ggbﬁmatm aRlootiane s Osequeatshrubaca. In
colc%ﬁted from survivin fls%from an aut rea The case shown in Figure

%‘”%e WAE Y %‘"ee 53y BEEl TPaHE Ayglutination

Conclusion and discussion

Based on the overall histological analysis it is concluded that the organisms observed
in Asian seabass (Lates calcarifer) suffering from BBS are Gram-negative bacteria.
The bacteria are found both free in the tissues and intracellular inside host cell
vacuoles. The bacteria are generally 2 pm long and 1 pm wide and often contain an

intracellular vacuole that typically stains red in a Giemsa stain.
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5 tests to evaluate the serotype of the isolates given in Table 2. All strains
agglutinated with the antiserum, whereas they did not with seabass serum
collected from fish that didn't went through a BBS-outbreak (collected in
2000). These results indicate that all strains of BBS bacteria belong to the
same serotype. 10 ELISA. Six straing, representing different time-points
of isolation as well as the two countries where the novel bacterium
aceRsting terthedpvention was isolated, were further tested in an ELISA.
The strains used are listed in Table 3. Bacterial strains were grown for 48
ABUrEMBBE on Chocolate agar supplemented with Vitox and 15
HapEstadinsoaitmheetateshutieces Formalinvseline G fiser 2p. aerek (The
Ollevier, Appl. Environm, Microbiol, 61:12; 4367-437 vt
RO UBIEHETo LSS REPUB U ST S G B el Bination
16Q8HHeosE.AL itk QORI bie thelasispgveatantalds discarded. The cells

were re-suspended in 40 rum PBS (pH 7.2) and.. broyght [ e
P M e T S
Siandaddized hactesialisuspensiohsid0 4 Bas welitverk (belicesdtad2606)-

two rows per strain onto 96-well ELI ates (N [ .
TS o 9 AN A DTN A b A T S R0 Certype.
Table 3: Strains used for titer determination through ELISA 25 28 Strain
code isolation origin Country of isolation BB 445 seabass Indonesia BB
abass Indonesia BB 5 22 seabass Indonesia BB 527 seabass

dndonasia (BRcldntscalfenmintlonesiatBE SdatenbaseBinghpore countries

Table 3. ) ) : .
where the novel bacterium according to the invention was isolated, were further

tested in an ELISA. The strains used are listed in Table 3. Bacterial strains were
grown for 48 hours at 26°C on Chocolate agar supplemented with Vitox and
harvested in Sodium-Acetate buffered Fofrnalin saline (Grisez, L. and ¥. Ollevier,
Appl. Environm. Microbiol, 61:12; 4367-4373 (1995)). The resulting suspen;ion was
kept overnight at 4°C and subsequently 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 ir_lcubated 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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After removal of the buffer, blocking the non-specific binding sites with a
3% (w/v) 5 skim milk solution and washing, the primary antiserum was
added. One row per strain was incubated with 100 gl positive seabass
serum, i.e. the serum collected from survivors of a recent natural
infection, whereas the second row peg8train was incubated with negative
seabass serum. Both sera were pre-diluted 16 times before adding them
to the first column and further serially two-fold diluted from column 1 to 10
column 10. Columns 11 and 12 served as negative controls in which the
primary antiserum was-n ary
antibody wasS¥tISERRIed FHOMHGATE The HRATELWErS then incubated
for 1 hour at 37 wWashed and fgrihak developed uﬁudgr&monoclonal
antiserum against European seabass.lgM—(\WDH-1)-at-a-ditution-1+50 and

horse radish péiB)d‘éése (onjugé?éé"’@%at ant mousglf‘ &ﬁlﬁljtlon 112,000).

Reactions er%%eyﬂopea by the addition of |3, 3', SnBonesia
tetramethylbenZIdlne as substrate.and read-at 450-urn aftcr Stgppl g the

reaction by| thé3&d&Rfon gf 50 | 6£8P25M H2SD4 ‘ol R SHters forithe

different strain Oﬁ/(ﬁ%@xp essedgs e recipriocal ofghasrseraum dilution 20
given an OD ? m reading of 0.4 after subtracting-the-negative-se:

value. The literBRob#8ined for theeabgtiains tested ar%“b%%‘?f% Flgu}e 4. As
is sho tre—4;att-strainsreacted simitarly with the antiserum and a
fairly \lﬁ%}ﬁ %éy cific antibody titer was present in the serum. The lowest
titer obtained was 29 372 whereas the highest titer was 1965. No

| a 3% (wiv
R R R e

ace rom where the strains were isolated. It can therefore
Hemontiussditbatall strahisgaberrihane ainmon TAngeded A areRsT

recognlzed t t wenhtiandofaction asltbcted from
YHAVER RS m%%tlolnﬁrﬁggn? r? S{Ellﬁgebg%b%gg%on Wlhlcﬁ plays a key rcole

inslearngthespathogemidnteatidocingseass@g st FUNRT F " 25
n%ﬁl el Wlt% n%)é%m " I%e%ﬁas%@érﬁ&s%lﬁﬁe&ra were pre-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 peroxidas_é conjugated goat anti mouse
(dilution 1:2,000). Reactions were developed by the addition of 3, 3%, 5, 57~
tetramethylbenzidine as substrate and read at 450 nm after stopping the reaction by

the addition of 50 ul of a2 M HySOy solution.

Titers for the different strains were expressed as the reciprocal of the serum dilution

given an ODysonm 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



In order to make sure that the assumed pathogen is indeed a pathogen,
Koch's postulates have to be fulfilled. In order to evaluate Koch's
postulates, an attempt was made to perform a challenge with a bacterium
according to the invention. 5 Materials_.and methods Bacterial culture. The
Big Belly bacterium was subcultured By spread plating onto BA (20 plates)
and incubated at 26C for 48 hours. Subsequent bacteri,
HanvRATpards Wb esd g mish gﬁéihg%uﬁs%%% r(i)t/é/ rSE%I]éng e n%e%%w%&n?
hufieEnRishah fataloh A0 eatkmjiexiis fishiAsiaw sgabizsstwareobtaipedted.
from a hatchery where no BBS was found previously. A number of fish

from the same batch were tested by 15 means of Giemsa-staining the
INeHNaLEReS e sanfiaay theahbenoenktedphtregemmal fish ganalyieeh are
were shown to be free of the p en. The fish had
f@‘é’t@ﬁé%é% \ﬁﬁﬂt A Iaeng ﬁ&"%sﬁ %%}’%Q%g@%ﬂ]s
MFH’&QMH@Q@MQ&MW@@@EMdf}ﬁd‘f\@mm“ﬂsmlg esafthe pahogen
and 20 transferredto a50 L a r| m equ ed with a filter. Challenge
- andmlHRE BRSSP BN asenglxe %\)/I%h 792 ml of seawater and |
group of fish (20 fish) was immersed in the suspension for 30 minutes.
Water temperature 25 during challenge was maintained at 28C 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. 30 From alll

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
magnification easily
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31 revealed the presence or absence of the Big Belly bacterium.
Additionally, the internal organs of a representative number of fish from
both groups were plated onto both BA and Mycoplasma agar
supplemented with NAD, L-cysteine gnd Fresh Yeast Extract, irrespective
of the results of the Giemsa staining. Plates were incubated at 5 26C for

48 hours and the presence of Big Belly bacterial colonies was observed
: stisel Wrcotitirmed by Gram-staining. Results Fish showing the
Iﬁy@l&al B‘%ﬁﬁ&es%ﬁﬁaﬂ @ed@mééqbe&bdmen inttaxbaedthieeerokstining

out of the group and thar | was
POFSUB LR I BTGB BB o A e e Sare
rMastalipestaned anday:6 aiten thatienge a¢¢hedmmﬂfeﬁt§éﬂ‘1"f’§ﬁ‘§hd

continued over the following 5 days after which all but one fish were

dead. The one remaining fish in 15 the challenged group died on day 19
afterchallenges: plidead fish were sampled and analyzed and the typical
“bacterium according to the invention was clearly observed in Giemsa
Bagierddl |ﬁ‘|’ﬁ|‘6’§5lon prints. Fish that died from the control group durln% the
19RS8I %@mme@lmmmmmmbg@mmww@%% es) and
dis Iayed the typical BBS-b ria |n ARH LDrigseafwas
Ipge ﬁ’f%ﬁlr?élzéréﬁfg ﬁﬁ&g \Illesg ggﬂ’l rom t?}le Gleﬁigﬁs{:am%g,
c@lﬁﬂ%@&fﬁl&ﬁm&mﬁﬁwﬁh@dﬂd&ﬂs@%mfalféqsresentatlve number of

fish from both groups was plated onto a 25 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 mortallty ha urred on d alhere
Adetah b4 heny i %ﬁﬁ ed on day.¢ Rant chalsaogbrnadeifion;

group were sectioned at the end of the 21 da

&Pﬁgsav%f@ﬁﬁ@grmlmmommﬁm fif FdolemHb iR BarEr i
Slga(rjgrgfo P}?é%éﬁ%%’n%ge e mn éfaﬂa 0 gan? ¥00é%ﬂ@igm3t%e absence of the pathogen

~ All fish analyzed were shown to be free of the pathogen.

The fish had a mean weight of 0.4 g at the moment of challenge with a mean total

length of 3.3 cm. ]
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 m] of bacterial suspension was mixed with 792 ml of seawater and 1 group of
fish (20 fish) was immersed in the suspension for 30 minutes. Water temper ature
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 magnification easily
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The mortality in function of time after challenge, confirmed to be attributed
to the challenge organism by either Giemsa staining and/or plating from
both the challenged group and the control group is presented in Figure 5.
5 Discussion Koch's postulates are defined as: 1) The same organism
must be isolated/demonstrated in all gl:\ses showing the same disease

signs. 2) The suspected pathogenic organjs ust be | 3
ramlezbt%mﬁﬁ%swff‘carcﬁwetvﬁeﬁ}%%qﬁ%ﬁ “olﬁnjgéﬁézﬁggag?s’%%e
gﬁ{&@ftaﬁ o’%)g%{@@%?@pmgfﬁtwmbegeﬁm Hyemi$rot iscaeiministeredited onto
ealthy susceptible animals they should.de: IRIB Be S i il

bfloRih g Myﬁ?@éf%%gﬁ? %HBBI&‘? nsgd Esxﬁhe sar‘nlé_%gg%ggé egrﬁg B cas
nggwﬁfgeg@@%%@ﬂl%&é%imm o thetdi5inhalEtgedcanimaleadrlat
pure an ominant colony type. The s rgani : i

o B Bd AT S Bl e PR e AL, B and
diRisalbhasuniamebdgriennisteiaty characterized by severe adhesion

of the internal organs into one confluent mass. The same organism was

20 demonstrated and can be recognized and distinguished from other
Kagwh pathogens by its appearance: mainly intra-cellular, and by its

“typical morphology: large ellipsoid bacteria I i '
SRR B SR e RSl B o S et g
s%@ﬁﬁﬁlﬁgb%aﬁtﬁrta@gmp pndaganahgiedinniraltharactenstids thesrahgaged

staining but display very pleiomorphic morpholagies. i stainin
el SR PRI A, 0 e g,
ghe pausatlve organism could repeatedly be isolated as pure and

ominant growth from fish showing the typical i i
o o o TR e crlsagern s ealar
@Y magfggegcﬁmqﬂa@kanm mediuomelfifistw sanigiddRrloBESRREEREdish in
signs yielded the s
thg challenged groupadrPe% %gtgé)}? FOafler S %Yl%rﬂgtgepﬁﬁﬁé%ﬁ?ﬁh were sampled and
analyzed and the typical bacterium according to the invention was cleatly observed in

Giemsa stained impression prints.

Fish that died from the control group during the observation peripd 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 {ish 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 gréuij 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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33 was isolated from two distinct and unrelated hatcheries and as such
from two different countries (Indonesia and Singapore). Bacteria isolated
from affected fish were used in a challenge experiment (immersion 5
challenge). Healthy Asian seabass ju Eniles were exposed to a
suspension of the challenge organism and all fish exposed to the

challenge organism developed the typical BBS disease signs-aswellas
T pravial i prasERRe gf’fﬁ%ac Cél%lr)ﬁ(ggnﬁfggﬁ?ém in fﬁeﬁa@bgféminal )

RgRAS @@,@r@@ﬂwanﬁerim@abtammmmmaﬁnmﬁmboélmfbﬁééwélenged
10 Moreover the challenge or%an{swig%ulgﬂ%esre-isolated from challenged
grehPAf he CORTUSHIREAR RETBAY Type. Fhus, Koch's Postulates are
fulfilled, and consequently the relation between BBS and the novel
bacterium according to the invention as the causative agent has been 15
¥ xample 7: Determination of 16 S rRNA sequence and
developmentef aPgfRindétection method. 20 Determination of the Big

Belly bacteriym 16 S rRNA sequence. Thr, mples ot Big Belksiains
were growh o EHBES R EGAT Ekm\lﬁﬁgg,lébn%%%ested. After boiling for 10

minutes, integhalflagmentsief dkeasnsgere encoding the 16S rRNA were
subsequently amplified using universal prir Rogbhe.geps re and
et R DG o

sequence%j)u IMers, esse as described by Kuhnert et

al., hit. J. 25 SystirBactelioly6pt Ttz euioss)sipadra e fiecawrsiens.
rRNA gene was amplified using oligo's i ‘em is administered to healthy
(5'-AGAG%1@E?(§B§‘F&%§@?§%& el Gan (BT 18 e
GTGTGACGGEEABRGREEAG)dN sapdRdeyeliviy throgrambreshitiiss
denaturation at 94C, followed hy .30 c afseconds at 94C, 30
seconds at 5%@"5“1@ g‘%%‘r%@ %llggﬁgtcﬁﬁéﬂ frs)rogra.m was ended %7
minutes auﬁmeTma(@ammmsmrpmnﬁ@diW@QF@G@?@F@é Fyihe
(Qiagen Inc., c%%l'lfé’r{é'é ’aLf'nSnﬁAa?lsa 'gsda pure and dominant colony type.

The same organism was found in all cases of the disease. All fish showed the same
disease signs, i.e. typically a swollen abdomen, internally characterized by severe
adhesion of the internal organs into one confluent mass. The same organism was
demonstrated and can be 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 morpholo gies n

Gram staining.

By using appropriate media, i.e. Chocolate agar supplemented with Vitox, the
causati?e organism could repeatedly be isolated as pure and dominant growth from
fish shoWing the typical .discase signs as well as diéplaying the Big Belly bacterium in
Giemsa stziined impression prints. By using the correct isolation medium all fish

sampled with BBS disease signs yielded the same pathogen. Moreover, the pathogen



10

15

20

25

30

individual sequence reactions were performed using the primers
mentioned above as well as nr 381 (5'-CTACGGGAGGCAGCAGTGGGG
), 382 (5'34 GTGTAGCGGTGAAATGCGTAG ). 383 (5'-
GGTTAAGTCCCGCAACGAGCGC), 384
(5-CCCCACTGCTGCCTCCCGTAG), 385 (5'-

CTACGCATTTCACCGCTACAC) an 6,(5'- .
' Bl d h from two
mg@ﬁgﬂw@@@éé%tﬁnﬂé@) %%\ﬁ&té%enes and as suc

was sequenced on an ABI 310
Srpdiomated sequenseefRenkisicimencCalifornia, USA). The sequence
mixture contained: 100 ng PCR product, 2 | terminator ready reaction mix
(Perkin Elmer, California, USA), 2.4 pmoles of primer, 6 | of buffer (200 .
HMeTri s b d FHB:5i (feomMEMO©LR) astd anaatgbings RO THigmmersion
mixture was cycled on a Geneamp 9700, [ gposedhef
AN e S e i Pty
cﬁaﬁ&bg@%@%ﬁmaacpmdﬁmtswesedpuﬁﬁedmmmy@%%%Hﬁ’@l%%{}&
Inc., California, USA) according tq.manuf rers. i j nex ism
tbﬁé@\@l%i@‘%ﬁh%’éﬁ@eﬁ%ﬂn%%lrspgggﬁgﬁg%&% _!C\/!\/?(é@ﬁ)aé1 gg%ectggb e
HSINO.ARLHA CallpstieniSefprarnveidinidabla (hepkiEIRER elifdhnia,
USA) and analysed with. Sequence Analysis version 3.1 (Perkin Elmer,
qiiteihta, USA). Alignments were 15 made using Sequencher 4.1.4
(Gene Codes Corporation, Ann Arbor, USA). The obtained sequences
(1411 nucleotides each) were co red wi ithish as pure
Mpneredeiriiass %%8%’8%%@&%8%@%@%%%%&8 lI;IEI('?élr%lfgisltgés%rver P
(hitRidshmsoioishyiptalbcilinterblast.html) using BLASTN (see highest

scores in table 1). The hi sScoring, organi i e WAbEIB RS and

oA SO D T A e thom

senuengesakihesegondin wete towrioadsdirorieis YBsSYMat

Database site (bttp://rdp.cme.plgg.edu/cgisl) and aligned using Vector

Ridv&hHce software (Vector NTI Advance" software, as available from www

Invitrogen.com). Pairwise and multiple alignment settings: open gap

penal nsion pe JesHiing alighRanbaBCR
SR ] analysed in the MEGA 2

Determination of the Big Belly bacterium 16 S ¥RNA sequence.

Three examples of Big Belly strains were grown on Chocolate agar + Vitox, and
narvested. After 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 165 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 i}rogram was ended by 7 minutes at 68°C. The

amplicons were purified by a Qia-Quick column (Qiagen Inc., California, USA) and
individual sequence reactions were performed using the primers mentioned above as

well as nr 381 (S’-CTACGGGAGGCAGCAGTGGGG ), 382 (5’-
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(Sudhir Kumar, Koichiro Tamura, Ingrid B. Jakobsen, and M I Nei
: ) . , asatoshi Nei
(2_091) MEGAZ: Molepular Evolutionary Genetics Analysis software,
Bioinformatics (submitted). This software is available as freeware from
http://wwv_v mega_software.ne. The resulting dendrogram is shown above
:;,O S(?:}ECUOI:] ofprimers and development of a PCR detection method. 35
ased on the 1(9 IR & data in comparison to available
%Eageﬁ%g(dgfg g%ﬁ@%ﬁg&ﬁg; primers was designed. The primers
(S;e(;gtgmt@mar(e(bsd redisted InATabIRGIC (RalbIas4: (FoSHHIE rimér st e5ahd A
ected gmpli | sl inati jth BBR-2, -3 or -4
3&ﬁrﬁéta§6rr{‘§§éi%ﬁﬁ gf%?r%# féﬁ%%@%ﬁ%?%w BBF-15' >
FENETAAT NN A, wapsRugnsed on an ABI 310

CTAATCCCACCTAGGC , |
FORBIET EANBRE EE r%%‘éi%%%oﬁ%i%,%{?@é&f %tlsquence mixture

cE@tﬂﬁ&@dm')Cﬁ@ ETRGTEETA 2 vdrsenioaR hruky sagtionpgRinereTrE mer,
maage an ed in a basic RCR t T i <.
GRS i TR e B oo e et o
AN, Y10 Sizqudnithexipitie? best fTlaBESLSeRS, K428 ANEPIREBOY ¥

representing both counties of isplaUQ) WerGASEd0getNar ek 0-C and

0]
e re?erence strain INS 198. Colonies were grown for 48
helsat 36T oiHEhycle agaumemeo@mswﬁﬁw’aﬁadowi@%f& {plumns

| @rﬁgémg&ﬁfg a”ap?fg%ﬁ ggc%?gﬁ%%%a?ﬂl%ﬁ@ﬁﬁﬂ%@ﬁ&ﬁ@ﬁh%n on the

Dy injection needleand transferred to a tube 15
,ggnt]tamnggt@uf%agqqamrﬁoc@@mpwéw@mwg%ﬁ%ﬂﬂw&k%@
at no. 27- -0 1),.approxi i
CERS Y Sb ek BT S a3 T b Bt . T vt

ﬁi‘fﬁﬁ? wexBytheversionSingMybaid me rrifoyeiar W BREIRTY ™ o
made using Sequencher 4.1.4 (Gene Codes Corporation, Ann Arbor, USA).

The obtained sequences (1411 nucleotides each) were compared with each other and
with published sequences in the public databases on the Interblast server
(http://shmsgiOl.s}un.intra/bci/interblast.hﬁnl) using BLASTN (see highest scores in
table 1). The highest scoring organisms were all in the Vibrio genus and some in the
Photobacterium genus. Sub-séquentiy, the rrn sequences of these genera were

do_wnloaded from the Ribosomal RNA Database site (htip://rdp.cme.msu.edu/cgis’)

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

available from www.Invitrogen.com). Pairwise and multipie_alignment seftings: open

gap penalty 15; gap extension penalty 6.66). The resulting alignment was exported in
the “msf” format and imported and analysed in the MEGAZ software package
(Sudhir Kumar, Koichiro Tamﬁra, Ingrid B. Jakobsen, and Masatoshi Nei (2001)
MEGA2: Molecular Evblutionary Genetics Analysis software, Bioinformatics
(submitted). This sofiware is available as freeware from

http://www.megasoftware.net/. The resulting dendrogram is shown above

Selection of primers and development of @ PCR detection method.
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20 Denaturation 95C 2mins x 1 cycle Amplification 95C 30secs 1 54C 45
secs x 30 cycles 72C 45 secs Extension 72C 5mins x | cycle 25 PCR
products were analyzed on. 1.2% agarose gel (BST Techlab Cat
no.BST3001- 100g) in TAE buffer (4.84g Trizma Base MW: 121.14,
3.09m10.5M EDTA, 1.142m1 36 Glacial acetic acid and to 1 liter of
de-ionised water). The gels were generally run at. 1;2%/J%i Qmins

st With 6hidilir Brbfmiae-dirmg et ERY Bhotographed us%lance data
SYRGene Bt pging.fysterdc8 dne stibspruent BERnuhateeliserdingd able 4
were further optimized by increasing the annealing temperature with 2C,
while leaving all other setting unaltered. Results The results for the first

THEL QIS SHVERINpFigere &utcEhenesuliscamithis dirssitm(ipicdted that

both primer-sets yielded an amplicon of the expected size when applied
combmeienaHE BRRvévet BotH primers cross-reacted with the V.
anquillarum strain and gave an amplir‘nn of a.different-than expecterj size

afdohatmiarke[lJeqwsngield. 15 In order to optimize tHEBER we apprcf.(' )
increased the annealing temperature with 2C. This|.annealing termperaipalce

wpBBEhEoreticaly Taubbiha BEECIBRRGAAGAr PR Sther methBds

an®pReedures EHained GREBARSEBABRE B4 Its DFESEcond pnpgl'?g,ﬁp

areRBasanted ih FigwrA QGEGHAMNS ARGEryTSHe 20 BRIt (INS

P
an@BR-¥. anglilameT EEEmsl ceerthed Slain (INSTS8ySiere amolHEHbD

The results show that the unwanted cross-reactions observed at a lower
annealing temperature were gone, i.e. V. anguillarum did not yield a
'laxifnoplsigtg%f r;])%\;vnee\;se qx’zé?ee made and tested in a basic PCR test. The chosen primer sets
were BBF-1 with BBR-3 and BBF-1 with BBR-4 because of their expected amplicon
size. In the initial test two BBS-strains; INS 445 and INS 600 (representing both
countries of isolation) were used together with a V. anguillarum internal reference
strain INS 198. Colonies were grown for 48 hours at 26°C on Choc+t agar for the
BBS-strains and on TSA-1 for V.I 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 puReTaqg Reédy-To»Gc PCR beads (Amersham Biosciences Cat no. 27-
9558-01), approximately 1 pl of bacteria, 0.5 ul of each of the primers (10 uM 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
Ampﬁﬁcaﬁon 95°C 30secs |
' 54°C 45 secs t x 30 cycles
72°C 45 secs)
Extension : 72°C 5mins x 1 cycle

PCR products were analyzed on 1.2% agarose gel (BST Techlab Cat no.BST3001-
100g) in TAE buffer (4.84g Trizma Base MW 121.14, 3.09ml 0.5M EDTA, 1.142ml
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25 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. 30 Evaluation of primer specificity 37 This

experiment aimed at evaluating, the specificity of. the primers for

N 5 BN o SEBE S PANGS FEA L eeE Cp 1) rom
1paNgeERisaRg Aon-patingenii specieside itastet] Am ovdniow glpied
species tested is iven’{%ﬁble 5. 5 The choice of test-strains was
“@E%%ﬁﬁm‘%ﬁlﬁ)ﬁiﬂe?@%@ Aster analysis and phylogenetic tree

establishment as well as by the most likely contaminants present in field
samples. A total of 17 species were included in the comparative analysis.
[Ehemethods applieshwereddiegticat o indser detonibed bbiovec oy Be

primer set 10 was used: BBF-1/BBR4,.and th ture
%%akéﬁtt%’flg%rémf%ﬁ‘i‘é@gsﬁ %ﬁg%‘ljé% %lé(ﬁlrll%?tgeg @gé%ui%%i%)%?alysis of
the PCR-detection method and the lane layout as presented in the gel. 15
Lane Strain number Species Origin / host | SB 1129 Big Belly strain L.
ifer 2 NCIMB 1280 Vibrio harveyi Reference strain 3 ATCC 43305

Mibrigsang il diu mirR efererce winain FigNg KB 1318 Vibrio alginolyticus
Reference_ strain.2Q.5 LMG 8893T t rvi rai
']L}i\ﬁéesiﬂg,z‘%@rrstﬁés . Lsiddnn ma??ed]&tﬁlgt %%?R% b ~¥éﬁaﬁé[¥&?a§f Ah1Ron of

Cusniae Type strai CUG™10073T Nocardia
insterpidesi Typaxieaind it 86 BBhotobastéfiume dunbsslapsingy. darrgensted

S. quinqueradiata 9 INS 602 Photobacteri ISGIGIGRS i
P e S
Y88 marked lower yield.

In order to optimize the PCR we increased the annealing temperature with 2°C. This
annealing temperature would theoretically favor the BBF-1/BBR-4 primer-set. All

other methods and procedures remained unchanged.

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 croés—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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12 SB 1132 Tenacibaculum maritimum L. calcarifer 13 ATCC 700383T
Pseudomonas plecoglossicida P. altivelis 14 INS 162 Aeromonas
salmonicida S. solar 30 15 ATCC 33907T Aeromonas media Type strain
16 NCIMB 1895T Photobacterium an'gustum Type strain 17 INS 242

Edwardsiella tarda A. japonicus 18 1

§ 163 Yersinia ruckerii S. solar 35

Results The results of the specificity analys ted.in
B e o e SR N B e
dhee aﬂm%ﬂgstemetatuwpke@mhgmamm lﬁdﬂnggl;nspﬁdfrm@nly

the BBS-strain used

PRI SPRYSRUSEEH &
Representative isolates for the different strains of the bacterium according
to the invention in the colle

ThePis N & i B RABTASEI o,

PCR
AR Efeeé"

6gtlon wer tested

roduct Il other, s ec e

&F esge%} tFecfflonI%m

F7Eble 5.

view of the str
R\f@ ter a a %eﬂad
s per orme cri

nMith @e: %@ﬂ@ﬁkﬁﬂleﬁﬁrﬁl@@@lu@a@ﬁﬁé ﬂegrmm'ahlmﬁum&i peesent in

use

PCR
TS RPN T TS 44 S B PR UL

onesl arﬁ\f§

tlon 139896

seabass Indonesia INS 527 seabass Indonesia SB 1128 seabass

Indonesia. INS 59

The methods applied were t
was used: BBE-1/BBR4, and the annealing temperature was kept at 36°C.

seah ss Smga ore
nttcal

ose described above. Only one primer set

Table 5;  List of species used in the specificity analysis of the PCR-detection
method and the lane layout as presented in the gel.
Lane Strain number  Species Origin / host
I SB 1129 Big Belly strain L. calearifer
2 NCIMB 1280 Vibrio harveyi Reference strain
3 ATCC 43305 Vibrio anguillarum Reference strain
4 NCIMB 1318  Vibrio alginolyticus Reference strain
5 LMG 88937 Lactococeus 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. quinqueradiata
9 INS 602 Photobacterium damsela subsp. piscicida 8. dumerilii
10 DNA ladder ' : '
11 RT 1262 Flgvobacterium columnarae 0. mykiss
12 SB 1132 Tenacibaculum maritimum L. calcarifer
13 ATCC 7003837  Pseudomonas plecoglossicida P. altivelis
14 INS 162 Aeromonas salmonicida S. salar
15 ATCC 33907 deromonas media Type strain
16 NCIMB 18957 Photobacterium angustum Type strain
17 INS 242 Edwardsiella tarda A. japonicus
18 INS 163 Yersinia ruckerii S. salar
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.
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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 26C.
Growth was harvested in PBS (0.01 M, 15% NacCl (w/v), pH 7.2) and the
number of cells was counted by usmg3 a Petroff-Hauser counting
chamber. Subsequently, the bacterial ﬁjspensmn was 20 adjusted to 1 x
108 cells per ml and serially ten-fold diluted. From the dilutions that
contained 103, 102, 10", 10 and 10-' cells per ml, 1 ml was centrifuged at
A4ERRENHRANMiBstesand dhe pelletiwasmiwcessed as described
above. Results 25 The resul are prese% LgL{re 9. Thgor uIt the
Rrea ERA GBS UBU S SHOF AL A LS P e R PSSR &

ains are recogni

iR RN LHens Ry dbe Ve essed Ehhﬁdimﬂf&mmghmrmdemdlm gwen in
addition, the PCR test is gléle to ete tas h%f s 10 ce Is as a m{nm
e

%@&tﬁh@tﬁ’&&&%w BEEaBIaYP: efﬁﬂ S &y B8 585 T egend
t%gggw% sEiger:ds. Mortality over time of juvenile seabass in culture.
5 Figure 2: Giemsa-stained impression print of the spleen of Asian
seabass showing bipolar appearance (double arrow) and the "vacuole"
(singlefapevs). Kiguiie JsddMopiptiRetatie intracellular organisms. 10
Figure 4: titers expressed as the reciprocal of the serum dilution required
to obtaiii O, Jeading Rihe&ELéasfrigure 5: Ninitality cfdsskaddy
BBS-bacteriyge in ghallenged and contfol fish. 15 Figure 6: PCR results
for two Primer&efS poainsidwaBBS-strains and a Md@argillarwn interal
referen,emsdjgz,}anes: TedN2445; 27INS 600; 3;1id&n298; 4; INS 445; 5;
INS 600; mg\lﬁ}uzs 7, DNAJadder. Primer set uspgioB&dn: 1/BBR-3
(lanes T “SRAe,BB F-1I/BBR4 [lanes 4-6). TampiifigalipnRss95/54/72C.|20
Figur_e I~ B REsujts for o, primer sets against aBigrssiain and a
angunlcuums 508 coabass Singapore

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
adjusted to 1 x 10® cells per ml and serially ten-fold diluted. From the dilutions that
contained 10°, 107, 104, 10° and 107 cells per ml, 1 ml was centrifuged at 14,000 

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

Results

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 celis as a

minimal amount in the presently used program (number of cycles).
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internal reference strain. Lanes: 1, INS 445; 2, INS 198; 3, DNA ladder; 4,
INS 445; 5, INS 198. Primer set used: BBF-IBBR-3 (lanes 1-3) and
BBF-1/BBR-4 (lanes 4- 6). Tampiiflcatiars = 95/56/72C. 25 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
udettieBB e R BiRuresigure 9: PCR results for the different strains of BBS,
isolated at different time points 30 and different locations; and detection
limits for the PCR-reaction. Lanes: 1: INS 445; 2: INS 598; 3: INS 512; 4:
INSege7! BVINIgl B 4V e Be1afag Y miFsNKPASRIEY CBIES 40 445 103
bacteria; 9: INS 445 102 bacteria; 10: INS 445 101 bacteria; 11: INS 445
100 bacterium; 12: INS 445 10"1 bacteria; 13: INS 198. 41 Clams 1) .
GFasHLR dgEiRrasAIatpmst pmrr rsti coridp hha splsam ofdsivg: éf-’@@éﬂ;&gowmg
d@ﬁ@ﬁﬁ aﬁb@éﬁn&@@!@ﬁiﬁé‘éﬁ%mlmﬁttﬁéld@éﬁwtﬂﬁrﬁ@m&@@. 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:%:19. ther Resleobfe,SeaLsAsR AR slamisiessin SEQ ID NO I or
characterized in that the bacterium comprises a 16 S rRNA gene that
reacts in a PCR reaction with primers as depicted in SEQ ID NO 2 and 3,
o give 8. iR PXRALCLORIAR HeidR LAY PRI @IRMOAGSALNEd to obtain 0.4
plelomorphic rod-shaped bacterium causing Big Belly disease in fish,
cFrafirgdr B fh-Hhét said bacterium comprises 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 Preferabl 100 % to the
HigEstadisstplisn causs by o neballepged Ardcqamob s
that the bacterium comprises alb S rRNA gene that reacts in a PCR
reaction with :

Figure 6: PCR results for two primer sets against two BBS-strains and a V.

anguillarum internal reference strain, Lanes: 1; INS 445; 2; INS 600; 3; INS 198; 4;

INS 445; 5; INS 600; 6; INS 198; 7; DNA ladder. Primer set used: BBF-1/BBR-3

(Ianes 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. Lanes: 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,

27 INS 598; 3: INS 512; 4: INS 527; 5: INS 454; 6: SB 1128; 7: DNA ladder; 8: INS



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
attenuated form. 4) Gram-negative pleiomorphic rod-shaped bacterium
accordlng to claim 1 or 2, characterlzed in that said bacterlum isin an

ingfctivifie 44 ama;s): Méﬁ@l&ubﬁ@@uﬁu?@ COWSHETN Atbatsribh; NS 445 10°
charaeigtizefinihalgaidy cyliurg Gomprges@pacterium 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 vaccine 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 4s. antigen or genetic material is derived from a virus or
microorganism pathogenic to fish. 9) Vaccine according to claim 8,
kherein virus or microorganism pathogenic to fish is selected from the
group consisting of the fish pathogens Vibrio anguillarum,
Photobacterium damselae subspecies piscicidae, Tenacibaculum
mari(imum, Flavobacterium sp., Flexibacter sp., Streptococcus sp.,
Lactococcus garviae, Edwardsiella tarda, E. ictaluri, Viral Necrosis virus,
iridovirus and Koi Herpesvirus. 10) Vaccine for combating Big Belly
Disease, characterized in that said vaccine comprises antibodies specific
to a bacterium according to claims 1-4 and a pharmaceutically acceptable
carrier.



11) Vaccine according to claims 7-10, characterized in that said vaccine
comprises an adjuvant. 12) Antibody specific to a bacterium according to
claims 1-4. 13) Bacterium according to tlaims 1-4, for use in a vaccine.
14) Use of a bacterium accor'diirg to claims 1-4, for the manufacture of a
vaccine for combating Big Belly Disease. 15) Method for the preparation
of a V&&¥i¥ 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

vaccihé ATeBHIIRgHY e RiP IO BSEackshoRer hrekatwnighwrgdd e Belly disease
comprisgs i reringef AHROAS IRACIYEMID RIS TEaC ARFRANGHIR of

claims 1-4 and a pharmaceutically acceptable carrier. 17) ngac%nostic test

kit for thé"Bisle SRSt et saricreabava Iie & bidemiy el ddeadiigto
claims 1ehapetrisechindhat Saidiiess SoMRISRIEHRISIEHIYM00 % to the

according to claims 1-4, or antigenic material thereof. 18) Diagnostic test

kit for thE8%deatfssssacerieniviatenrlitd 10 Samen charckamizgdchat the
material ghareRinCOMREIEHSL IR TRl SichiCal£0BIRHSES: ANREUBE0n with

reactive with a bacterium qccordirg]g to claims 1-4. 19) Diagnostic test kit
for the dEEREISTDEPHAddA TR QLI yadctaiingivue RixBracadwed #y3 +/-

that said tepieqmpeises PCR-primers that specifically react with the 16 S
rRNA gene of a bacterium according to claims 1-4. 43 20) Diagjostic test

kit addofeRfi rentive pleiemarabieriedalirrarhbagieriug: comipasts Belly disease
PCR-primeis as deRiciesdinohQ égd\i)@cie%iﬁﬁ?cmé&%w&'w%ne of

vaccine Abstract The present invention relates to a Gram-ne%ative

pleiomotHfdl 1be-arelpelids seexsoen heaadme B Benyidistasleast idn o a

miuom%'i%@é?%@‘% o3, GhEe B?é?&m9 % and most preferably 100 % to the
nucleotide sequence as depicted in SEQ ID NO 1 and characterized in that the
bacterium comprises al6 S rRNA gene that reacts in a PCR reaction with
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 attenuated 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 S, characterized in that said culture
comprises NAD.

7) Vaccine for combating Big Belly Disease in fish, characterized in that said
vaccine 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 genctic material encoding said other antigen, wherein said other



bacterium, to a vaccine derived thereof and methods for the preparation of
such a vaccine, to antibodies reactive with said bacterium, to diagnostic
test kits and to the use of said bacterium. Figure 5 SEQUENCE LISTING
<110> AKZO Nobel N.V. <120> Novel Qgcterium and vaccine <130>
2004.019 <160> 3 <170> Patentln version 3.2 <210> 1 <211> 1411
<212> %Nﬁeﬁzo]f%?:i%gcb%yesr‘yﬂqgo er?vcfdll 8%?1113 Qg}%}g}@%&ggg}%%g%&
tgaacgctgg’cggcaggcct aacacatgca agicgagcgg 60 cagcgacaac
attgaacettioggggyaiti ttgggcggce gageggcegga cgggtgagta 120 atgectagga
R AROIA00AR A3CRAIDN ARCERIAE AIRGRACA L0 ARG o
ggagcaaaga gggggaccit cgggcctictt gegttaggat tggectaggt 240 ggdattaget
agttggtéraly igtedegtyck drave Sy graw cgatestiag efdotdighpd3bogery Higeaiea
Sccaca I AFIR RIS AR AU ARG, Tenacibacutm
-gggaatatfyy cacaatgggc gaaagcctga tgcagccatg ccgegtdigt gaagaaggcc :
420 ttegggtigrendyenctr oagieyigag Haady ggtos g thaaeio goatgostet 480
lgacatiageaacagaagas, 4sasoudsia ATESOIgEC AACANGEOSS AIPRIALINR virus,
540 gggtgcgagc gﬁftaat_cgga attactgggc gtaaagcgca tgcaggtggt tagttaagtc

600 agatgrgasxgddcangurenantitgga attgcatttg aaactggceta gctagagtac

66gd @&%%r%ﬁgéﬁ%%@%%%%%%?Qﬁ%ﬁag%%&ﬂﬁtt%ﬁ%&%t&%ine
720 C¢ggtggcgaa ggcggeccec tggacagata ctgacactca gatgcgaaag '
cgtggoefiperieee antibodies specific to a bacterium according to claims 1-4 and a

pharmaceufically acceptable carrier.
- 11) Vaccine according to claims 7-10, characterized in that said vaccine
‘comprises an adjuvant. .
12} Antibody specific to a bacterium according to claims 1-4.
13).Bact‘erium agcordiﬁg to claims 1-4, for use in a vaccine.
A 14) Use of a bacterium according to claims -4, for the manufacture of a vaccine
for combating Big Belly Disease.
15) Method for the prcparatio_ﬁ of a vaccine according to claims 7-9, charactcxize_d |
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 éorﬁpri;ses the mixing of antibddies reactive witha
bacterium accdrdiﬁg to claims 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 sé.id test comprises a bacteﬁum
éccording to olairﬁs 1-4, or antigenic material thereof.

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

19) Diagnostic test kit for thé detection of a bacterrum according to claims 1-4,
charactenised in that said test comprises PCR-primers that specifically react |

with the 16 S rRINA gene ofa bacterium according to claims 1-4.



aaacaggatt agataccctg gtagtccacg ctgtaaacga tgtctacttg gaggttgtgg 840
ccttgagceceg tggctttcgg agctaacgeg ttaagtagac cgectgggga gtacggtcge 900
aagattaaaa ctcaaatgaa ttgacggggg cccgdacaag cggtggagcea tgtggtttaa 960
ttcgatgcaa cgcgaagaac cttacctact cttgacatct acagaagcca gcggagacgce

1020 gcct tcgg aactg taagacaggt gctgcatggc tgtcgtcagc tc

1080 ATATER Koot AL BGL AR R dBEAChAaar
1140 gotgggpaitsragogagaesigscepiget daaIoggady @agaigggga
cgacgtcaag 1200 tcatcatggc ccttacgagt agggctacac acgtgctaca
atggcgcata cagagggctg 1260 ccaacttgcg aaagtgagcg aatcccaaaa
agtgcgtcgt agtccggatt ggagtctgca 1320 actcgactcc atgaagtcgg aatcgctagt
aatcgtggat cagaatgcca cggtgaatac 1380 gttcccgggc cttgtacaca
ccgeccgtca € 1411 2 <210> 2 <21.1> 19 <212> DNA <213> big belly

syndrome <400> 2 tgagtaatgc ctaggaaca 19 <210> 3 <211> 18 <212>
DNA <213> big belly syndrome <400> 3 tctccgcetgg cttetgta 18






