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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
I G PR 7 e LD Ve e B R s s and to the
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
T R L

- 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 delay of the onsget of mortality, i.e.
‘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.



r 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

1 5 JPISIeR R 950D NO b charadteteed i At fhe BACE DL of i
comprises a r gene that reacts In reaction with primers

eragnuleiui clisdaie SE@1IDiN@cRines aiming at combating and preventing the disease.

Moreover, it is an objective of the present invention to provide means to detect and

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.



and 3, to give a PCR product of 903 +/-15 base pairs. In a second 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 %, prefera%ﬂy 98 %, more preferably 99 %
and most preferably 100 % to the nucleotide sequence as depicted in
S Q D NO 1 and.characterized in that th cterium com aléesS
I“ﬁENIZ\ GREth TSR ‘:&{f‘éé‘ﬂcFSB BH ﬁ PR a %a%%eﬁe
chiPalN@iZe @fidiBatteagive RuRCGRrpsaekich 8503 unl Loibaseaipaisse2a In a
third aspect, there is provided microbiological culture comprising a
bacterium, characterized in that said culture comprises a bacterium as

Indefines afae. deR iRyribvarIeale iR RolscBIAVISRY BAE HOR) 0¥ CQRORLIR,

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

chgragisrighd 4% hakivid wassire SABRrys &risstaiteaan dabespameccadiar. in

phRathEAsReCE thereishRreyided vaccine for combating Big Belly Disease,
characterized in that said vaccine comprises antibodies specific to a

bacterium as defined above and a pharmaceutically acceptable carrier. In

Tn S0 RPEECHERETS FRAMQUIAGHE ARHRBHYRRESIG 19i8 BaGlEHHE S

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

chaerieizah Ve dorad aapcig seBIRE serERRbsIistsBepastiaRdrecierpraag dgfined
aldse g{@ab@g{gﬂmg '&%@@M%af%{he manufacture of a vaccine for

combating Big Belly Disease. In a ninth aspect, there is provided method
for the preparation of a vaccine as defined above, characterized in that

mSASmEhed compris ?o@iﬁéﬁ‘%ﬁ%o%f PAGIRrM BRAInGds %@ﬁ}{@d%%\?e

pharmaceutically acc ptable carrier.’In a tenth aspect, there Is provided
diagnostic test kit for the detection of antibodies reactive with a bacterium

In}zsg%meg]%ﬁ%%’ EhEhAY }84? 5ed i ﬁf‘b‘% IRFLEAMRSETA RRAGICIVRcine.

0\7e or an genlc materl ereor.

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 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 Rcterium as defined above,
characterised in that said test comprises PCR-primers that specifically
1 feact with the 16 S.rRalA?g[gFBé? of a bacteriurin quef'ned abov% 2b It has
B BE T Tt SRS AT S SRS BT IP RS asAS  [ggm-negauve
plésaibrpldgatiyehpieid Merphisn edrspiasiad LAGIBHRN AR iSiIRghatH thS
rRNA gene of which the nucleotide sequence a level of identity of at
SRR e A R
préQehbbytodhe Muripstide SeaBENCOER, depstaddroSEQdEude: ks IR K in
NO 1 shows the nucleotide sequence of most of the 16 S rRNA gene of a
S%&%Maccording to the invention. With a level of identity is of course

meant the level of identity of the sequence of SEQ ID NO | and the
corresponding region of the 16S rRNA of the bacterium of which the level

SERiTRMR hlw e Bhedutelpofids deusngs R ErBRst iiBriLey it gene of a
baCLERN SIS PR PRAGHRBIG A whaPe RAGETR SRYSINEF Bigr-Balant the level

disease in fish, of which the nucleotide sequence of the region of 3 _the 16
of SpRFEK fehie FoBRpoREHEANEI 6 BRRecae GpRdie irBePiREPS
RIS arignabRbdormibrhalds @kIrast §7idenareiiakin93Henmace.

preferably 99 % and most preferably 100 % identical to that of the

nucleotide sequence as depicted in SEQ ID NO 1, belong to the novel

1t Ragleurin 2660KHING @dNe AXeNINR~ JiBKsmafirst aabadipeshatbiBt ausing

invention relates to Gram-negative pleiomorphic rod- shaped bacteria

Bigbethrsrpsemiglsedsehichidi wreraidn ecauerera ompsedie s
rRNA gene of which the nucleotide sequence has a level of identity of at
least 97
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%, preferably 98 %, more preferably 99 % and most preferably 100 % to
the 10 nucleotide sequence as depicted in SEQ ID NO 1. A typical
example of software suitable for the determination of the level of identity is
the Vector NTI Advance" software and sg¢ttings as described in Example
7. 15 Organisms sharing more than 97% rRNA identity are considered to

belong Eorﬁﬁlﬂgé@né@%@s%&}{%@%ﬂmq gtealr MicrabiehiRevievEEQOD NO 1
407-438 (1996)). Another, alternative, way to characterize the

Ghraim-lregheifedpribnibrp e basHApedPIsARTRPRM hicbdrisP6 TRy 92 7
inventian, depepds PR PORRRLHS IG.PHMESES Hhakair 20 sRpack i idspicted in

the 16 S r%NA gene sequence of bacteria according to the invention.
TRBSEIpriNfers, helovadR the Rl BAESHESEEENE SESFIB TSR and 3,
were selected for their specific selectivity for the novel bacterium. They

specifically react with the 16 S rRNA gene of the novel bacteriurp but noﬁ. d
withishatastrabrdimait af HictereRior PR $HB OhAEGEAT Spp cAqgotpic rod-
ViRrQ.gRR 1835 douiaiPBIgNS.IR Ulee4% haFie wWRaeROMiNG:dethtcomprise a 16

invention. The test, which is described in more detail in the Exam

B RONAS HOEFERIS HBIERGR oL FEp bl A east o7

Gram:neaalive pejomerpbic fashsaped barigna nanskig;BioBxlly the
disease in fish, of which the 16 S rRNA gene reacts in a PCR 30 reaction
Wbﬂﬁﬂ?@%@lﬁi@%@eﬁ%ﬂé@llmu MBBF-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. 4 Thus,_the first em%odilxeng%s ity is
raian 4 GramephivEE S RifordResARlF R IR 74 BRUSTS féen Y

Bgllysglisgasern fahaptevhichihe.16 St oanereasislim ERERe 7.
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 embodiment

relRleg o S AR FRINERIRIO MR HRINGI REnSidRed RAcleBR Ca UGB a single
Belly disease in fish, of which the 16 S rRNA gene has a
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
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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level of identity 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 and of which the 16 S rRNA gene 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 more preferfed form of this embodiment, the
bacterium according to the 15 invention is in an inactivated form, for
reasons which will be explained below. In another more preferred form of

this embadiment, the bacteriu ing.to i ION dsRi@rtvieshaped
AREF BRSO odrl?éeélggﬁsé) ﬁ%%gv%ﬁ%x%%ﬁgg %%tli?v%&go It is one %f
the eeritsueith @ prEssht ditestion finht ohe hithehe LhRASIH SRIedfoe’s m 2
nt of the disease has no i I ingde aarfirmedduct
%ﬁ%& Eﬁcémﬁ %{ﬁigtrége oW #ﬁ%%% %g%@ﬁﬁg@d%s%?g’g?been fo?r%ﬁ
andaould Iiebdemuanstrated to be of bacterial origin the disease could
deliberately be induced and the typical signs of the 25 disease described
hereunder are frequently noticed. Up till now, the disease is seen i Asiaéw
seghdsgett fsmmﬁ&ﬁymﬂw@mﬁﬁé?@ﬁﬁ%%@?&?@%ﬁ@&iQéeé@@%ﬂ‘b rod-

demonstrated in other gult agua i lesr RuiioietypisaRouth, hasa
ﬁ%?ﬁgﬁgﬁ%@q%scfﬁﬁga%?ﬁgﬁ% 3 Wegegk%oiﬁ%?éh from 0.1 g to 5 g, Thieﬁk
seivivel ithietiiy lofme e 9 BOGorapinahly 8986 dROfF |5 TosaR e Wb PeF4BOs!
case. All b of.fish Andithe diseass A1S tooecHi
@ﬁ%ﬁeﬁbﬁ%‘ﬁt %tggéggﬁ?u%%ggﬁggg%ﬁggenegg Cbe ins_w%ﬁgvir few small
juertldsctusrSnik blackenndteis invhiRE IR doardjoRify mh%ﬁ‘{ﬁ@?ﬁa&“ EQ
affected and eg I el the snaliestdish in a batch or
?ﬁﬁg‘gagtaggs%ﬁ?ﬂﬁg%ﬁg é?s% %Sg %(%Igg@ Igéow/ever, ovekr?‘? period of 3t0 5
days all fish in the tank develop signs of disease and rapidly die. 5

e s Ao R SRR IRC AR B AP Rn gL Wite

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.

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 fhe 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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no parasites, no fin or tail rot and no obvious gill necrosis. The first sign is
fish turning black instead of keeping their normal brownish color.
Subsequently they stop to feed, the tail section becomes very thin. The
larvae stop swimming and can be 10 found separated from the group near
the bottom of the tank. Subsequently tRe abdomen swells visibly and fish
can be seen as "Big-Belly" fish. Within_hours the fish die?. The dﬁae&s& thin

Ea@%@ﬁ H&Wl@éf’ BREBEN SYSHIME (B8 ;?Yﬁﬂgersé 8rring to one o

fﬁg&ﬁ;@;ﬂ% ?E}S&‘ftﬂ%f?i%mﬂ@mﬁhnm&&y@i@ﬂ:iﬁﬁ&gtbélkﬁdlﬁﬂdagddﬂowmai1)/
athology is often seen: the internal o

NS BRI S S RGNS G T e A Shrae

parisal thesligessivaitmset iwmhetdistivgtlighaiye) of Hesspleendisapsilaltic.

mtacF and very red; all other organs are engulfed in an apparent mass of

fat with yellowish and 20 whitish apparently auto-digested substances.

%‘i@%&@&’gsgi§§9ﬂ%%ﬁcﬁﬁﬁ§&tﬂaﬁg@iﬁsﬁﬁém§mdmﬂs nowbiéeektimseches,
o be a Gram-negative rod-shaped bacteriym. The nayel terium. i
RSUPRISHET-RSEIY 75/ BEhFRl SRR RBLIBE S sEeR ?r‘%s% lentie ot ,

ntrace
apRATE Bl inVacHo oS e 2THenvelbadterownis) atdooufibbightptly they stop

pleiomorphic, generally 2-4 m lon d1-2 .t ' d ofte i

D 2 L A

g@ﬁﬁ{a[gt@Q%EQNﬂ@&ﬂH?@;ﬁjjﬁr@Btm)dMS)béertaiﬁpﬁsiﬁedmﬂtﬁipﬁéw
ollection ationale de Cultures de Microorgani Insti

phdtaisn %eﬁ%aéﬂa{?lb%f&efl@ﬁ%}e?ﬁ%?ﬁﬁ@&?@% d@%@fg‘%@‘%m

?@g%ﬁcc?ssioE number CNCM I- 3257. 6 The novel bacterium belongs

0 a hitherto unknown species. Most of ifs 16 S ri

o BESHERER G LR A S HE BArd P QOB Tl t one of

the specific signs of the syndrome, the typical big belly.

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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sequence that is depicted in SEQ ID NO 1 reveals a level of identity that is
5 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
Photobacterium species with that of thé 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 10

eQURRGE S REdheNdiRusVibra ARegIesTIE VSRS sp JTiaxi vt teiel 06 S

identity of 95% (for V. fluvialis, V.furnisii and Y. vulnaficus .tTabIre -1ofthat
sihonmaeRaVe( hER)OFHHRCIES BIPRRE g8 é‘%’f'ﬁﬁgeaﬂ VoT BatrehinA

with yarious:hagteniakiamiies/spesies: sapipalds: cPodydinlifyrtHat 175'
Z9SLZ~~1V~ snotpulnnA -~5 7-7 7:Z;r 7&7 177 -th-157 a9 ot 9oal\é(\g\é

sk el o vy Uik S50 DY SRR D YTONERICS 1B B0 b
Qe%rgé%eéivsrrr/@r@ B PIWH GHE9RRLY- Do fiparieepasilie paethalswepithble 16
aela-o . .

S rIRNP? 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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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
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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
(O._01_94) M. phocae (0.1091) M. pneumoniae (0.1110) V.cholerae T
asiaticus (0.0333) P. damsellae damefde ATCC33539T (0.0353) 6: BB

29th (0.0000) BB OR (0.0000) BBSB3(0.0011) V. fluvialis ATCC33809T
£0:0039) VeduinihicATFGEASOLEVE(0:0046)0 Ve FFR ATetisasgrpe
0.0110) Yrassg’ée”d"’f‘ﬁidé%% 125% (Q.0287) AR Aasical &pisalBig Belly

] o S5€ 0 :
'%&?i‘-base et applied’for the discrimination between the novel

tacteriomtecdori B thE iiveamidAthR B SHerpath SR EsE B HaSedexly

upon the following: T I efa€ Hsedi esti ; R-4
?§8%p gfgv{/%%%%%%%%%%AGT%E%ECTA?CE%%%%&&O%?@BB’BR-4
N HeRaaE IS eea I ToTAF Reve sedTRBHEI GRS 4% 0lony, but

at least 1(_) cells, preferably 103 cell (volume about | 1), is to be picked
from a suitable agar plate (see Examples) and transferred to a tube

containing puRe Tag ReA/SrBRVBEELHEA4S QietiVed in 23 1 of double

distilled 20 waterl(&mershant BRERUEALEOEat no. 27-9558-01).
S ntly, 0.5 Fored{chpgobica 00154
— M. phocae (0.1091)

L M. prieumoniae (0.1110)
V.cholerae T asiaticus (0.0333) '
P. darseliae damsellae ATCC335309T (0.0353)
BB 20th (0.0000)
___lBB E3F1 (0.0000)
BB SB-3 {0.0011)
V. fluvialis ATCC33809T (0.0039)
AEV. 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:



the primers BBF-1 with BBR-4 (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 95C 30secs 56C 45 secs
x 30 cycles 72C 45 secs 5 Extension 72C 5mins x 1 cycle If analysis of
the PCR-product reveals a PCR prod&t of approximately 903 base pairs,
this unequivocally demonstrates that the analysed bacterium b Ion& to
the 1Qnawvelbtcterium &8¢6rding to the THVERtion. A PCR produ o%

approx'matg%}g&?nbase pairs is a PCR proghugt Wwith a length of between
888 an ase pairs. As will be discussed in extenso in th)% E}xarg Ises
below, another of the mef#&of the preséht fiGehtion is, that & suitable

growth medium for the bagterium accordipgde:the 15 invention has now
been found. Bacteria accorging to the invention can now be groqwn )
vitro. Thetsidliertl person fidds in Examples?ﬁéglow a method for thg
isolation of the bacterium according to the invention from diseased fish,
as well as for further growth 20 of the bacterium on suitable medium.
Therefore, another embodiment of the present invention relates to a

microbial culture comprising a bacterjum accordi ] I
R e R )
Haﬁs?tagmu%i&aﬁ&bmm &éﬁﬁﬁé&ﬂa&:fmshi imvelytioh rierive balosagve the
agent being known now, evelopme [ GRS
mcg@khw@%mmﬁ?@f@&ﬁéﬂ i] C%rpé’ rrgu%pfg%?gcg’ﬁgﬁ Qvghlch Ieg%@s%??\?
inguctien 39 LRI agaiotagseodbe infeotibifuith the b fitin
according to the invention is in itself already an indication that vaccination
is feasible. The problem encountered

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 according to the

invention has 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 qultu:re 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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10 inthe _natural course of the disease however is, that the onset of an
adequate immune response usually is too slow. An adequate immune
response, i.e. a response thgt suppresses the infection to at least a level
that enables the fish. to survive the infection, takes time to build u
Under n._atural conditions, this time isllﬁ}sually not available due 5 topt.he
very rapid progress of the disease: 90% of the infected fish die withi

fan uglpé%nmune

in%ﬁebélsilﬁitgadammdhﬁ patiotere s & tife BRIJEE O HES Pow been
oSS USRI ine based ,upen,thisinathegardponld, selverthimproliem
S€ aiter vaccination, the immunological defen a%gainst. the, . - :
sipstesiamcanfintihip ek %ﬁﬁ‘_é%hl’%ﬁ“iﬁ?éaéﬂ%&ﬁj%s. g pafection.
AL 3°@§§§ }lgé EhEe_ ﬁf&g&lﬁdﬂl‘fﬁmkﬁm&&t@&m avedeinaufoiyonrmbetiigle due
ease, Big Belly Disease, as caused by the novel ac [iUP,:
td;\trl.:igmsmdi panging cd hsrieensenetend r%‘%b‘b@?&?ﬁggfo t‘%?g |n1\/e1r1;iticclaar¥ >
AT e e
\ _ e bacteria in attenuated live. or.i [
u?gﬁnhﬁtﬁaﬂmmﬂwveld@@ém;ﬁ_ﬂ%'ﬁs&%‘r% |e|ﬁ’6“°/t%8%é‘§%‘?§é%/ra; "
oo g‘géﬁ Pﬂgeﬁ%%%%%ﬂ% liverattanuaied fomaphasertherativahtagstion
. ' vate vaccines that 20 they best mimic the natural way of
stifestion. In addltlc_)n, the_lr replicating abilities allow vaccination with low
amounts of bgcterla; their number will automatically increase until it
reaghes the trigger level of the immune system. From that moment
Thesimmtie aybistimil ioé tiyprrsat AREERAPRISIRI SR has the r hnbating
theslmine = psred! ASIRIEIihihais the bacteria.
e e e T gt
the . a certain level of virulence left. Thi
etie eotaplisdisatnatiye BERTYEPEL NS é%‘?rgf%ﬁ]i’gln&bgtk%r%{cggg%?gﬁiey
i.e. as I?engmar%e;he vaccine |

acceptab

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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at least prevents the fish from dying. Of course, the lower the rest
wrulence of the live attenuated vaccine is, the less influence the
vaccination has on weight gain during/after vaccination. 30 Therefore
one preferred fc_)rm of this embodiment of the invention relates to a ’
vaccine comprising a bacterium accortling to the invention in a live
attenuated form. I1 A live attenuated bacterium is a bacterium that has a
decreased level of virulence when compared to field strains. As
A ansaasteee ot ndaranacleiha naelbactertutme:
_ _ y high: mortality typically 5 exce 70%
it alldnigeied fisficAl bastesiuis mﬁ@addwé@sfga Yé r%%%i%ﬁé‘f%iﬂs of

considered a bacterium that only i i 1 )

th‘?d“r?é{ i aﬁtgg%ta%fgélen E%%xéﬂ‘%&gﬁw of al m]f‘gl(]::}a%&fﬁr?? iri\hll?i te? 1t1 ye

drdestionoBadistimoiteediviiave basteriuabd BELPAIRIGF S ‘aéérs ggtence s

Jrowth rate It such baceria Asised aite basis-atanmitanuaied s no

vaccine, ry to'the situation described earlier, the immune 10 syst

d;ié%\gﬂ)‘ﬁd iﬁdllﬁéhﬂéve‘l dboefestad folseippieedhhinfrcdon3sitra rﬁ%%%ﬁ ave
. As a result, the fish wil Ve it I i i

AR g e et el st et

Atianuatadistine Caniesg coalohrain e 5 GG 63 CEHE aiSTaImg ™

Sl Srvenioninie BIERSEe 2la WuAgRels gRnteMamuofeushish dic

own'i art. Andther way of obtaining mutated

haatesielistie sishjedtithemtygrowine biitad deinpalnthsy BRHESR LY
?\tlggilﬁergéurg &%Qggﬁ%ﬁhi}gﬁr}%ﬁgﬁ@@a@%my of mutating bacteria

ninthe art Is transposon-mutagenesis. Selecti
?fw?w?mm}s@mpmhﬁ@@?%ﬁgi%%%ﬁgﬁgc%%g o the
s-mutants) are well-kn If art..Mer 5 arsUiialile 1
B S o L B e ating of bactera,
ireaten ivthvanyniittgeinid owedcdhesmituisdeoR P UISER @e%%ﬂ%a% %rfef

small colonies. . .
temperatures excg:%ggg the temperature of their natural habitat. Yet another way of

mutating bacteria well-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 eptimal 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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colonies are slow-growing and thus desired live attenuated bacteria.
Selection for Ts-mutants is equally easy: replica-plating of bacteria treated
with a 25 mutagen followed by incubation at a sub-optimal (2-4 degrees
below native growth temperature) or the optimal temperature, followed by
visual selection of those colonies that4lid grow normal speed under
sub-optimal temperature but did grow slower at the optimal temperature
R0y Inastivated tapinesratdoimadritrastie théit i st USRS 2 ready from

counterparts, inherentl GAHSC NGNS rashyindeangeilefbitiplete
°§]5'ﬁre b§£ Sgsfa'#étggh%é? ?ﬁé%/%géggﬁf comp?lse a fg?nﬁgwhat higher dose (i;]? :
rhadteriocenhpaptch i tl@vra)@t@éﬁ@&té@\%ﬂc%:ﬁ%@?&?ﬁttwté@?egevﬁ%mes'
preferred form of vaccine in fish that are suffering already from other
diseases. Fish that are kept under sub-optimal conditions, such as

TheasmpletettrifiorfaresUtoropafiaierpenatureLr Wit B BERB PS8
nactvated acaiNes ATNRRING, AaHshBrR/RLedfarm of this
te

ae‘?ﬁ%c?gi%%?cr%ﬁa to a vaccine comprising a bacterium according to the
invention in an inactivated form. Many physical and chemical methods of

i activgtiagg%g cleria ars NoNRA S KRewR i benastcExaraples afays known
%ﬁ%iga inactivation are UV-radiation, X-ray radiation, 10 .
igaheras:- ddiativesare oo dn BRI IRY AR e AeTRCHI APS .-
ropiolactone, g y HpeAng tornaldenyda-The
%Eﬁ%&“ﬁ%%&%ﬁ%%ﬁ%%%ﬁﬁ%% y%(%%\?v how tf%%ply these ethlg :
@ﬁ@iemmmgimm@mmwwm@@%&%ﬁéﬁ#&ﬁﬁuﬁﬂaa ﬂ@& erson
ethylene; imi ¢ is, Qvious Haat other ways of
W}%&%‘ﬂ?/%ﬁ?&%e% @aﬁéﬁaﬁﬁmﬁ%sggo%mquied in the_pres w\ enttiloq.
Mataitdy &m@aﬁsﬁ&h@bﬁﬂé@%ﬁ%&ﬁﬁﬁ@%%hﬁ}‘éﬁﬁ%ﬁ% §/ » ethyienes
attenvated ive analor s amuandinAdijon thew campgsRetbacteria are
ca

%Qﬁﬁéc%u ically-acceptable carrier. A pharmaceutically acceptable
gdaorignioaiideathsiprpterd sne @tigitilled water 20 or a physiological salt
solution. It can also be e. g. a buffer solution.

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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Vaccines according to the present invention may in a preferred

presentation also contain an immunostimulatory substance, a so-called
adjuvant. Adjuvants in general comprise substances that boost the

immune response of the host in a non-specific 25 manner. A number of
different adjuvants are known in the ak® Examples of adjuvants frequently
used in fish and shellfish farming are muramyldipeptides, :
lipopolysacehptides, maveralghutam e GRCEL AT CAHAH Y ™ e
homopolymer). An extensive overview of adjuvants suitable for fish and
@hellfish vaccines is given in the review paper by Jan Raa (Reviews in ih
KishetiggSeietcack(3)aaeiass (ioosihc30tsms inetiHalmagpagsicd m the
comprise a so-called "vehigle” iche iz p comyaumg tupvidoh the
‘iﬁ?i’b?g‘?i Eﬁﬁ%&?é?%@%v%%%%é%%@gg%h%? bound téi% Such vemhicles are
3 ddatihiotictocapsuies crigrsalonsae B S cEHIS SHEPRTAATOLO RO
knowr]| ij?é'_[he art. A S elgif\lvg%rﬂn of such a vehicle, in which the antigen is
Pelrtrat §} fhbédaed in the ve icle, 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-activ QUr Hiers cerginopdnity or
B Hffsa%}ﬁ%%%té% gl‘]]i%g.b e (%ggr%ﬁﬁv%g%%%%gj@emlﬁsio S gfe €.,
ndngslioidcor lmndabotisabkeavils: vkl oM%?@le.@r.‘%Q%[%ﬁ‘? Marcol(r)
and Prak I(g- 10 Metaholi ' vegeiahleeisosuemas], animal
ek @?ﬁ’jﬁ ISRGAA '%%é%?\%n%a(%ﬂgﬂ%%}ﬁ:%gs&%e fish ojls s§ual ne and
sy alenas andfiscoplemiaams iagcb@cmﬁé%%s@n@m%#ée&&ja%i‘é WK

/0 emulsions, .o/w emulsj / i @nuisians Medysilitable
glmagjrlﬁﬁ 8}%1’15%& gfj. blg)t%?ﬁée%ﬁ ggﬂ%gyﬁo%rﬁ%O% w/w water phase 15
ana192:{0% w/w oil adjuvant, more preferably 20-50% w/w water phase -
and 80-50% w/w oil adj T uyant sddesdwapends phase
R T S ° 0
and 95-50% w/w 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.



10

15

20

25

30

hysielagitalls 2eTEpEbies thfireRosksRbe VR OPRSEN AT EhalShS

information with respect to such amounts will be provided by the
manufacturer. 20 Often, the vaccine is mixed with stabilisers, e.g. to
protept the bac;teria from being degraded, to enhance the shelf-life of the
vaccine, or to improve freeze-drying efficiency. Useful stabilisers are i.a
SPGA, carbohydrates e.g. sorbitol, m&fnitol, trehalose, starch sucrose.
dextran or glucose, proteins such as albumin or casein or 25 dégradatio’n
ErO(fjuctslthereof, and buffers, such as alkali metal phosphates.
referahly, vaccines accordi ' i rLRGHE chi
A L R e ﬁ"‘amé";;“
Lareline, dang ehids camauads ot dlsplsicemulsibingian oxcood
Sing are also em odied in the present invention. 14 Vaccines based
L dninattivated Pactericovandareishineiple bsi gy mmitteray MHSEas:
betweer_1 1Q3 and 109 CFU bacteria. Doses below 103 bacteria might
glependlng i.a, on the method of inactivation, not be_sufficiently ’
{ravotnedasid, anh dosesithareddes iR bR IR FHrBHigered in

commercial, point of vie i i . :
LA T e

ﬂﬁﬁﬁ@@ﬂi@ﬁmﬂﬂwmmélmﬁbﬁﬁ’geﬁﬁ’elﬁ)\fé&ﬂdﬁ. Frietdpigra, amounts
ou ita i
Ganodan guiabis amaunts i anasbeiueen 103 and 109 CPU

amounts 10 between 103 and 106 CFU are preferred amounts.
Many ways of administration, all known in the art can be applied. The

C%Tﬁ%&&f%‘&rg‘xe%ss%ﬁﬁ: DYBRHRR-BIPRECIRIahIb adppiniaterad vadtiadish
ection, iImmersion, dipping or per oral. The administration protocol
%.11110 er-oral. 1St _ imized in
SIS ete ohiecihes cominron] SBIRe s
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 preferred food
carriers for oral delivery of the vaccine according to the invention ére live-feed
organisms which are able to encapsulate the vaccine.

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

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

shrimp Artemia sp..

The 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

f_rom www.intrafish.com.
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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 20 different oils of vegetable or
animals origin. Also an attractive way is administration of the vaccine to
high concentrations of live-feed orgaﬂéms followed by feeding the
live-feed organisms to the target animal, e.g. the fish. Particularly
preferred food carriers for oral delivery of the vaccine according to the

\gé\%/ gntlo re§I| é%%dva%@ﬁ'ﬁ@% whighiase, ableigiencapsutatetheld want to
uita

le live-feed organisms mclude{ﬁlankto Ilk would be
vamfﬁeiergwf@eg Rl FisprasdraBhF MBS of BBHTErS; Artemia, andf
the ike. Highl f isthe Rrine sbtme Avessiaspy B'fl:fere 5 grams 0

g Pr%lln?s%ra‘fgﬁ)r%{ rp%%%toﬁc%ilaggn be (i)ypr)tlmlze%g in accordance V\j/gg t%}%@q%{gfﬁgmntly
mghtnﬁtﬂhrhpmtméeﬂﬂgﬁc‘éﬁf&/%ﬁy?éw BPHEY TEGARTOR, Written

oowden et Al @é?&@%%?%@b@&%o@d\d&rm loabasdtoty,fish having 2
I5%81er%ﬁeen % is available from www.in h. corg o]f'szhe 898 of
mqgnshftbeb&wa&mawlﬁﬁﬁﬁt%ﬁﬂ?&%ﬂ 151?% A5 ORS Would want to
%@%‘;ﬁﬁﬁ&%‘ﬂ% Big,BelyDisgrsn i aarepdiastagi. dtpeineipteiityiodial

ng to vaccinate fish preferably at 0,2 gra ert Q}Y&SE?E%
tﬁ@mmtﬁmeignﬁaﬁgﬁm%&%|W‘6‘1t19rb0§%¥gmgvﬁ% é%\i/er are
os u(gplgd t%?%ﬁ@%ﬁ@?ﬁéﬁ%&@ﬂ%ﬂ@zﬁﬁmmm Therefore, in practice,
Shewou 3try to vaccinate fish having a weight of between 0.5 and 5

grams. Since it is one of the merits of the present invention that it is now

SIRDILBEHAM eRdiAHaanasae) togedaeteritnbaneriafaterdisgdgdhe

con(f measurements such as sanitation can be develoged in9 e'éﬁoa&@ en
m&smmneadmtﬂtdak@ onsicRBer HishaPBhos AC THERYERWALIL be beneficia

%% tolém&fﬁ ?ﬁ%%ﬁé vith-hasieniacaedamtingity tiehinventigan s
eas ot

one sh-pathogenic microorganism or virus, an antigen of
strichimigroeygerilsm or virus or genetic material encoding such an antigen

ina

Examples of notorious commercially important fish pathogens are Vibrio
anguillarum, Photobacterium damselae subspecies piscicidae, T enac;baculum
maritimum, Flavobacterium sp., Flexibacter 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 patho genic

to fish.
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15 combination-vaccine. Examples of notorious commercially important

fish pathogens are Vibrio anguillarum, Photobacterium damselae

subspecies piscicidae, Tenacibaculum maritimum, Flavobacterium sp.,

Flexibacter sp., Streptococcus sp., Lactococcus 20 garviae, Edwardsiella

tarda, E. ictaluri, Viral Necrosis virus,lifidoviras and Koi Herpesvirus. The

advantage of such a combination vaccine is that it not only provides )
ThroteotiomoagainsrBig BempDiss2abeireb RHHE S isaysRLODES
1sT£?J&f§J§§o%Pﬁ?J%ﬁ?QJ&%%W@f‘%ﬁi@ﬁgﬂ@%ﬁﬁﬁ%@z@@@ iaaasingish

whereln that vaccine comprises at least one other microorganism or, yirus

ptangspatkidyenie oifighmord dre BT Bt gERTOF R REIRP Fhigteriaf '«
78h5949INg, said, piher antigen, yhersin.saif., athetmiiigen.osgemeticccus sp.,

material is derived from a virus or microorganism pathogenic 30 to fi

LastoThosssisa e ietedrétl fordsr thiscEBaditTaht T Binars: s

aﬁ@(ﬁgg W&r&virus i_s selected from the following group of notorious
commerci Iy important fish pathogens: Vibrio anguillarum,
Photobacterium damselae subspecies piscicidae, Tenacibaculum

pﬂi%‘é@}}f&@ JElRveRAGS BRI HbACIRE SRechifERIQGRC By Sgor the

| f';lctococcus garviae, Edwardsiella tarda, E. ictaluri, Viral Necrosis virus,
hipitfe dedensamy@nHerpesvirus. All vaccines described above contribute to

AARNGNASEInAliRRdiE-dieydriagsr dbanbogisiielense systeond® the
_Alternatively, antibodies can be raised against the bacterium ac dinsg to
inventisveintios ifebifs risrbscbiHIE B ﬁ@HW&%ﬁlﬁﬂf{B%‘B%- ‘iﬁcfé‘ﬂ}&nﬁs

d%?éﬁi{é%%%ﬁ)ﬁ%ﬁa@%@et% SHehaNibadiassandhenthe atrinisteratiod of

to the fish. This method of vaccination, passive vaccination, is the .
voacTiItEeIRD ATEHO NS GO B HRfIRcation of choice when an animal 1s

already infected, and there is no time to allow the natural immune response to be
triggered. It is also the preferred method for vaccinating animals that are prone to
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 phaxm_aceut.ically acceptable carrier.

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

according to the invention,

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

bacteria according to the invention in e.g. a water-in-oil suspension followed, after
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already infected, and there is no time to allow the natural immune

response to be 15 triggered. It is also the preferred method for vaccinating
animals that are prone to sudden high infection pressure. The

administered antibodies reactive with the bacterium according to the
invention can in these cases interfereith the bacterium according to the
invention and thus suppress Big Belly Disease. This approach has the |
saduafirage abes b vl dtredines GrEispsi g BEMEoREALE dbborbANg Hecanting
JE%%pS% lent of 20 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

Jo.dheinyeption-andia pharmacanticaly aseerablecasiinsAh Stllanaher
e

mbodiment of this invention relates to antibodies reactive with bacteria
ratenitingltetase Tiihebhfoer ArMASEHRS B rtha iREFBHP Rgainst bacteria

GeeodingiR the inventian s be phigiasd, 3hmuickly sadeagsibaby

vaccination of e.g. pigs, poulﬁg or e.g. rabbits with inactivated bacteria

racresRinY et Anoe TS (P S 9T R WAL RTINS ERL OB RIR A dhdf

phlyAbRHtiauseska ichiegdingsonttitigiionehitennpaidaiaddiontd lonal

and decanting of the sera. Another source of antibodies is the blood fr
ia

sserar orb:-neeapashetat atvd en aachRalisy site SRR ERLEE
EGHEInG Qg inxeniiem Ok me hessfardiredsepanadan o8 7).

antibodies, which may be polyclonal, monospecific or monoalonal g)gr

MerivelovebardredisareinBNadBws MR AR PREiIL A ARG E  are
i %{E’f"o@x Le6uaigHes:for BieEMGINg AnsinmEasRig pRtsionalcsalm i wn in
well-

known in the art (e.g. Mayer and Walter, eds. Inununochemical 10
theettidBomeCandaa Mie QMM BidRIg R A YR Press, London, 1987).

Monoclonal antibodies, reactive against the novel bacterium according to

the .
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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invention can be prepared by immunizing inbred mice by techniques also
known in the art (Kohler and Milstein, Nature, 256, 495-497, 1975). 15 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 &vaccine for oral administration of
the antibodies is prepared, in which the antibodies are mixed with an

etibraehis Sieh oo arPensHIVSHamRar Bifb Suifht T SlAde trALm

methas far the prepa@tion efaNacsineurRcsOIdRgIARs: IvMeBEeAtRAE Belly
comprises the admixing of a bacterium according to the invention and a

Prsifaceutically acceptable carrier. 25 Still another embodiment relates
to a method for the preparation of a vaccine according to the invention
that comprises the admixing of antibodies reactive with a_bacterium

AsBraRPEY ahe YRvEhRH aAbeE Predrrmd delnrdan AR captbhs BRigef0-90% and

Sgad-anethen emhodimentehthempie senh iaventiendelaiesiabagieniah speed.
according to .30 the invention for use in a vaccine. 18 Still another,

Thsothnteheisntmayredenrriariibiscrsie S 1S it so1orst Baenasiint Big

Ben9roileate tharpyaation for the manufacture of a vaccine for combating
Big Belly Disease. 5 As mentioned above, lethality after bacterial infection
can easily be up to 70-90% and can even reach 100%. In addition to this,

TiseaseSikesdher ¢ natcallyhighseaasch d usviley elisiontiptotectignmble

against disease, a quick and correct diagnosis of Big Belly Disease is
fon pBrdricciorraeRitoRe b dA85er objective of this invention to provide
diagnostic tools suitable for the detection of Big Belly Disease. A
diagnostic test kit based upon the detection_of a bacterium according to

LnaagRRsIRSHEE RgRh P ATR RSP R Yt RaSHAUR ASFRERF L R able

iioFeiieon or antigenic material of that bacterium and therefore suitable for the
detection of bacterial infection may i.a. comprise a standard ELISA test. In one
example of such a test the walls of the wells of an ELISA plate are coated with
antibodies directed against the bacterium. Afier incubation with the material to be
tested, labeled antibodies reactive with the bacterium are added to the wells. A (;0101‘
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 bacterium 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 Idng 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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15 detection of bacterial infection may i.a. comprise a standard ELISA
test. In one example 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 bacterium are added to the wells.!& color reaction then reveals the
presence of antigenic material of the bacterium. 20 Therefore, still %ther

n
tembbdimentbeeni prese IEoh RETAES B HGHBLAR BN L 1B e
tQ&E%C%’&@E%ESSHQS,s%@[@ ofthabasterium Suchdiestkitacomprise are
e

antibodies reactive with a bacterium according to the invention

g énibimanbiial (ASFedTCHRTRAT BRI GP th b AEREFIn 16 18BE 41
Jnterpreted in-g hroad 5enss din g3 de fxe:dhembacterium in a

Isintegrated form, or bacterial envelope material 25 conlgrgéssi?cg (ﬁacter'al
€

Butafonornibiane hro@mnJunet HARTPEIEN. RISt Maters oF

NS BRGETiD RAckT Withanisepisrvaised againstdferhasieriues; kie
material Is considered to be antigenic material. A dlagnostlc est H&lg%%%d
s )

agpepritee icheetisim assanding Bl SaTSE RN A WRR R 3G Bactenuns
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 wallsedesign o laedrURIERASAYIITS LY o 4T 5 TTAfa A ThE 025

Iﬁajt@éiﬂégea_ dingro-the,d $r imveatienasantigenismoate s tivels ol Aftee
Ig! _ubatlon with the material to be tested Ia(tés)eled, anté?qﬁdles riﬁagtiyenyviteh
bl itnTABeu A G HUIsE THVEHEL T AE Sokeried & e WERS X TRYESH

%Q‘lﬂfléﬁqﬁ&? mhiRenrevaals o S pERSENan 6 RE!ihedits:seacyive, fithehemple,
ac

erlum according to the invention. 5 Therefore, stillﬁnoth {
empodinfERTeTar-praSEHRIIRVERETT re HES T HIEG B SEE f@g Rt Tor the
detectign; of antibadies tgastivemitivtherhagtesilies r&uedvéesithitsbacterium
comprise the bacterium according to the inventjon, qr antigenic.material
Qh@réﬁﬂgﬁhélﬁég@ﬁ?%ﬂﬂ@?ﬁ*ﬁﬁd%%&%ﬂlﬁa?m% re%%ﬁé@fﬁ‘g
j S5 Q@ P DR SeshHROMERARPEitaBSO (T cinteabtdam blot

Furthermore, protocols may use
analysis.

A very quick and easy diagnostib test for diagnosing the presence or absence ofa
bacterium aécording to the invention is a PCR test. as described above, comprising
PCR-primers BBF-1 and any of thé 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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solid supports or may use cellular material. The detection of the
antibody-antigen complex may involve the use of labeled antibodies; the
labels may be, for example, enzymes, fluorescent-, chemoluminescent-,
radio-active- or dye molecules. Suitable methods for the detection of
antibodies reactive with a bacterium 28 according to the present invention
in the sample include the enzyme-linked immunosorbent assay (ELISA),
Truiyrofiuereécetsetiestig FR) am b oveste i 5 Be bnufygisnd o8 §artrial
@ﬂ eaa%odig%nostic test for diagnosing the presence or absence of a 20
ACterium %cc()rding to the invention is a PCR test as described above,_
RORyprisings PEResdHiers BREL vl thay ©FthR Birsens sEReBeEoftrams are
e i e R e e e

S aresf)lcte in I 2 or 3. It goes without saying, that more
prismersndambeitsde: tHah (R gepsinfaroideniifist) Pethperrac Pprderium, or
resent j i gﬁ/iggg far-the first time the unique sequence of the 16
%ﬂ%ﬁi@éﬁgé&%‘% Bielly gtrzf}ns. This allows the skilled person to select
without any additional efforts, other selective primers by simply repeating

thed d i ' - ' f i
g’q‘ﬁ%ﬁ%&% eeg%g%f;%m EARS E@&%@%&@Fﬂm& ithesfoLtRrmers

ere. By simple computer- analysis of the 16 S rRNA gene .

mgﬁle;@m@wommw?élme@emmehﬁmﬁ%%@aﬁmﬁ? feigre that it
L G 3E ' PESAMNG ARG 0F Big Bell
Cé)énv%%psother %ﬁ%%%%&%%&%%?foﬁ}%?agnosgc tests for thagéfgtectié%l o? g
srBigg20 Belly strain and/or the discrimination between Big Belly strain

nd erfal,;(fi inRIs fhaiERssiiicaBieR and
@vﬁﬁét%ggl%?%m%ge%%ﬁ%%gﬁ% g%gﬁgﬁgﬁderstoﬁo be those o
@Bﬁe?r,s«MJrféact only with the 16 S rRNA gene of Big Belly 5 strains and
R%Wég%}%‘f%ﬁr)éd%% gene ol anethar s RAtheaapic FRokeNURYQErs BBF-

group pathogenic bacteria. Thus, another embodiment relates to a

HeghB&it-fe st Kitfmted droRbs B4 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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bacterium according to the invention, which test has as a characteristic
feature that it 10 comprises PCR-primers that specifically react with the
16 S rRNA gene of Big Belly strains. A preferred form of this embodiment
relates to the specific PCR-primers BBF-1 and BBR-2, -3 or -4. A more
preferred form of this embodiment relatgs to such specific PCR-primers
BBF- 15 1 and BBR-4, as depicted in SEQ ID NO.: 2 or 3. EXAMPLES 20

ExampleEhloftinaey(sotationiotile Siganismsand establishment of a
primaryvi§olation. medium. In order to check if the causative agent of the
disease ééﬁwlﬁgu’é‘%acterium and, if so, in order to be able to isolate the
hithertauiignoxrgapathogen, a small batch (200 fish) of fish showing
diseas«ivfir? sr%i%as brought over to the lab. 25 Direct wet mounts and
impressma %‘F gyc?gﬁﬂy showed the presence of bacteria. Samples of
the intedmahdtgansl Wedalpiaiddanto a variety of media, namely: Blood
agar (ToA +.5% harse blood - BioMerieux) Trypticase Soy Agar with 1%
N%CI(B rzi%(t?égg éﬁ%ﬂ PRSP i@g&é@;gﬁﬁfﬁ’éscence medium
with 0.%%sdiag3k Brain Heart Infusion agar 21 Thiosuiphate Citrate Bile

salts Sucrose agar Vitox mediym Marine agar MacConkey agar 5
Arnack%r %%%80 gr E\ %ﬁ%ﬁ@ﬁﬁ#@ker and Ordal medium prepared with

seawater
On none of these media a growth level was obtained which corresponded to the

abundance of the bacteria seen in the impression prints.

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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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. However, from 3 fish, small
transparent colonies were found in the direct vicinity of Gram-positive
contaminants, i.e. bacterial colonies ogeurring on the plates as a 15
contamination after 3-5 days incubation at 26C. Only few of these small

transpalept£eloniesiappeated.andtth@ondy located closely to the
contaminants. Gram,-ﬂt r%ér;& of thdﬁse colonies revealed very strangely

forme M hALRS 2 dF VHftab! ?e’%oé d often approaching eukaryotic cell
dimensions. These colonies were only found on blood agar plates and not
on any other medium. Blood agar [[:)Iatﬁ;s wiého%t“%gntaminants did 20 not

ERsth {re Qo0 RIrss e B RRTLTALTET hYs

@36 Weré tried on Blood Agar and
on Blood agar with the contaminants, the latter in a “cross-feeding"

inoculation. Subcult found to b "
TR TLBHIR P TAT e o EINh T o onl Db Bt e

WhesR satheflargg aDnduoioef fzdaudlimiveas esethd Mg bt buig etes e
at the first streak and than progressed slowly towards subsequent

ST eFITA S Cillustrated that the novel bacteria required nutrients or
co-factors which they cannot produce themselves from other bacteria. 30

Since co-factors were apparently required,.it was.th
HDSSLHLY HOTRS SRR NS Dt EE s SYMAPEIRGIRE,

Masingagpp i yensioautm_;me @M@@M&ﬁn@ﬂg&ﬁmmm {oxil)was
l\;lvoa\{\tll%\t/eedr 'irr1] %r}g‘%g g l?egcﬁ] Cas gn@%dlg%a%gwg @(/%Nr&eiﬁ both in and without

the presence of antibiotics. None of the cell cultures yielded growth.

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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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 Subsequently it was
evaluated whether the strains could be grown in cell culture, given the
apparent cell-bound nature as was fousd in impression prints. Growth was
evaluated in Brown Bullhead cells and in grass Carp Ovary cells both in

gnd without the presenceof anjiRigfics,Mone of the cell cultures yielded

ests it was found that the strains could h%\{vever be

Bu@mhw@admwm@@sea@%ﬂ@dépéﬂmﬁ@]%ﬁ%%éb‘f&é‘mﬁ M diszse signs

2 { FrashaYeastixtract
\&%%l t%%neéf ré%tl %ﬁ%ﬁﬁg%ﬁg%ﬁ eri ai%rl gl_rke%v{f\}/ﬁe}%y ﬁ%od Ch%%%lf?‘gj:

%mz@@ucpmgmed hoktburidsh(xiah RABYCONBIRSRY
Vlt? in,B 12, Thiamine hydrochloride and various minerals and growth
actors. Also suitable, instead of Vitox, is IsoVitalex (BBL). The

Hombinatiineof thd aou isslnd treReLHBEL e HRIHEGR Agicaing tha
inelalon. 2% reahite b, addiinn AR s aactanorggett: Thisds sisa:

inline Wlt%“l the Initial bservatlon that cross-feeding was requwe h
ﬁsinrhatan@cuarmn@ff@m@wm@ﬁ&t@étﬁﬁﬁwmgé‘ﬁéﬁﬂi&?{%f é%?s

ég%‘@eﬁggﬁ%m tonskaChosplateRapT SHPRIGMENiatcvitbed
|tox rnedout t the best medium (of the 30 media teste iﬁf?rs)nf&at
b

JrawaticSiitery icenfifioH e /AshaicheirpraldBame Al Pean

mgvubat %5% &%Magg@%phere at 26C. 23 Example 2 development of
%J B/e isease. In order to stuwi/l the disease, a batch of juvenile

§habw$ahﬁh%@b?ﬁ‘@@@h§‘és§i’@ Q\Fpa@g'blléc%‘éf‘?ﬁ B e dater
ﬁlc" %@eri’?l ﬁﬁ@éﬁ&r@ﬂﬁ&ﬁﬁ%gﬂéhﬁﬁé%é@%wtﬁaa&@ms@mﬁamfeaim
y |s%t ro -

h polluted water could therefore be 5 excluded

Fxample 3: confirmation of suitability of the primary isolation medium as a medium

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.



However, disease and mortality also developed under these conditions,
indicating that the disease was already present in (some of) the fish. Two
days after arrival, some fish became dark and thin, swimming out of the
group. Subsequently these fish developed Big Belly Disease and died.
Over the next days mortality increase@40 dramatically leaving 10% live
fish at the end of the mortality period. The fish that survived remained
unaffected. The mortality as observed in this batch of fish is given in
igure 1. This experiment has pro i% insight | élggﬁﬁg@ﬁ@@gteﬁum
J&: 248y Bb?fé%ﬁ%%%%@aer%gé ?’clor%rméitll?oh of suitability of the
peimaliy dsolatioimvaediuy tasHime thurhtfor aiisk siybtanarispiia s Belly disease
bacterium gccordingto the invent {8%@5‘9%@%@1551 1OFISELD with Vitox
%%% |rfr§11pt]ﬁe%seu}ittl§%rﬁll )s(g.féésoég%tég géar supplemented V\IIJI?h Vitox as
oy ipeanyrs clatitiommecdinmvie Sengptedihed e hialeigans of diseased fish
in particular the fat/granulomatous. isstie EH%@QWE% girggtly onto
é‘ﬂ&gﬁgwaag%n&?ﬁ%%?ﬁen 8%‘?/& Vitox. Two days after inoculation
clear and massive growth was obtained from all fish sampled. The direct
rowth qQf bacterja from t? e g{pﬁg& shows and confirms that direct
gﬁ%ﬁ?agstf\e}len i(é%#get%ﬁno F;%ggoéga ism vf\:/as possible and this confirmed
the likelihood that the organism isolated was identical to the organism

SO

o %ﬁlvcEfS%%@m%&w%F USSR (ISR quently, from
er
i

anot eabass hatchery in|Singapore (unrelésllégig 10 the farm in
IntShesiayjEilenile ST Sim|lar disease signs were sampled. Direct
INPrEiSsiprralpints [flodantsiese fish18S Bvell &s thefmacrosopic evaluation of
GiSERSE bllsand[ {RisfEal orfgansshowed the presence of similar
i S amnlbe from.thdceo fich 20 ambre-latad :
«mngzsn1sea\ga§lsu Tt urnalo\ﬁl |S|ial.l GSCT II.EB{F UTWEeT Mﬂc%i}?é.ér&b UeSC“bed above
Indohesianjsamp es. All samples glama#dedmasswe growth of
dN8 Blhglecebieny typéonesinildr to tRé earlier fount!* colonies. 24
INS 528 § seabass Indon__esia 3 BA
INS 529 | seabass Indonesia F1 BA
SB 1127 | seabass | Indonesia BB-3 Choco +
SB 1128 | scabass Indonesia BB-4 - Choco +
SB 1129 | seabass Indonesia BB-5 Choco +
SB 1138 | seabass Indonesia BB-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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This implies that for the skilled person looking for an example of the
bacterium according to the invention, it suffices to obtain a fish suffering
from Big Belly disease and sample the internal organs directly onto
chocolate agar supplemented with Vitox 5 as primary isolation medium for
the growth of the bacterium. An overvigsv of strains obtained from different
origins is given in Table 2. Table 2: Strain collection of Big Belly bacteria
ﬁ%?j&niﬁ@&twﬁh@ﬁumwxﬁf;@fhgkablﬁmd;eds@laﬁﬁrgimc@imigiuin'sbia@i,m.d
medium . INS 445 seabass Indonesia 10.P BA INS 454 segbhass
THIBHLYLSEISHACING S15'SIARR0S TRBRESE T Resbiaaee s
527 seabass Indonesia F4 BA INS 528 seabass Indonesia F3 BA INS
%29 seabass Indop&gﬁia Fl BA SBf 1127 seabass Indonesia BBalg ho%%%

I 1a

B8 GBI oS e B e SR Sabaes pndoos
BibsEibageitsSHihlidtaedbagminaOnésieBBsR. CGlypooity.| NS H8&8nal organs
S SR D R R
shagarendfriliaragiem4ifigentification and histology Light microscopy. All
B 25 R A e PO ARSI SR
isvsanallarDyphaiiedha organisms were clustered and appeared as if they are located
inside cells.

In Gram-staining the organism stained Gram-negative and often showed a clear halo
around the stained cell, indicating the presence of capsular material.

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

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

Conclusion

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

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

stomach) and visceral fat tissue.

Electron microscopy

Tissues were fixed in Glutaraldehyde and processed to 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
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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, and stained with either Giemsa stain or Gram stain
according to standard procedures. Fipst observations of the presence of
an infective organism were made through 5 impression prints from internal
e Jansiaodf alfe stedifishe fypically itihadaternal Rrgansicaftafieated fish were
linked together as a mass gom arable to massive adhesions and.an .
AR OSSP rAr Bt B 0 H e ORE S S GEL P G
eerkecseanuwid (80 i ohgdachted hiiive eonhast ealserkypicallyidhe
organisms were clustered and appeared as if they are located 10 inside
cells. In Gram-staining the organism stained Gram-negative and often
Bilaayeeshsigan izl picanadfthie stainedicll, ongiaating the presence of
capsular material. In Giemsa-staining more details of the organism
became apparent. Typically the organisms displayed. bipolar staining (a
R dlie the bsemasach igsaribadc éar the dngadus Rastetioelia)ismnd were
ofte % layed a bright red to orange intracellular spot or vacuole. Figure
%%tll ?gﬁ%%&%fﬁg ?ﬁli%‘?gssion print showing the above indicated
KhgraciatstitssHdvigshiowda Signisastedne dumpnessidry prindloiztha double

spleen of Asian seabass.s ing hipolar appearance (double arrow) and
HRPGRE et TERETR SIS B0 R oo RBERS oL Spa Mo
rohsepithic pEsbitine ghli yeointtaneliulaspiolliatmatity Grnosrgahsrbsctede In
observed. A severe necrosis followed.by severe granulomatous reaction
ORI SRR TR T ABASRING BFGSAE and tissues. A severe.
chronic, granulomatous, necrotic inflammatory reaction was observed in

éS the abdor%i{?al organs. The main affected tissues were intestine

88% iof front &8 é’é’h) and visceral fat tissue.

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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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.
xharsetsristieadlyy the organisms contain an inclusion body or vacuole
éﬁ; ran diameter) containing non-electrondense material. 5 Figure 3

W&'4HEM picture of the intracellular organisms. Based on the

By phalpgisat anpeasanaedihyasiecnd| ddea shanmegdigaﬁl@mgm\iéﬁ@feﬂk (The

most likely rather large bacteria. Furthe anal (8
C@P@éﬁ%%‘(}\/g}%%%ﬂr%tﬁ?ﬂ%&e%‘%%l%“{fég ﬁndé%r;%e“%atm

té&@‘fﬂ”‘é@l"ﬁﬁbﬁiéheﬁb@ﬂdﬁﬁtﬂesﬁﬁstasrgméeum T:Iﬂds@observatlons rule
out the possibility of a protozoan and are in line with Gram-negative -
M stEaigs Prggé%t%d’# t@o‘?’&%ﬁ%ﬂrﬁ% are raasnt1 e éaac%%/e bactera.
denpaisippafdidinedizion A51BdsedgnatBdSventirbikttiottsit binadPeidit
is concluded that the nisms o in_Asi ags (LateSerotype.
L, t§b‘ffgﬁ?f§ %ﬁ%%%tgl&se rar\r%e E%%tg vegnl&?éﬁ)a The bacteria.
are found both free in the tissues and intracellular inside host cell
vacuoles. The bacteria are generally 2 m long and 1m wide and often

in an intracellular vacuole that typically stains red in a Giemsa stain.

99 2faiRxamRie MsesalifaghtinaiopiBiond erdisubseneibat Sertie Weptrics

vgggre;?gg r]:g)?rg} ggé%@%ﬁr% fa{ggoi'(gng %o tggtlkljlrveean lg \Gas 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 Formalin 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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case shown in Figure 1). This serum was subsequently used in slide
agglutination 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). Th&%e results indicate that all strains of
BBS bacteria belong to the same serotype. 10 ELISA. Six strains,
representing different time-points of isolation as well as the two countries

where the novel bacterium according to the invention was isolated, were
further tested in an.ELISA.-The strains-ysedare

anl
(&8 IID €a |
Bacterial straﬁ’iéaWéi‘édegrowﬁsfﬂ?tl@W&ﬂg at RERBH i %%:SS g’%leorziqar
supplemented N Y40X and 15hasyvasted in Sodmmdém&ate buffered
Formalln SEi|Ine (GI’ISP7, Il_and E ﬁlln\_/inr, y npl Eln\nronm IVIIbIUl)lOl,

61:12; 4367-43¥B ¢0995)). The K&&0RHg sus ensmrﬁé&% K&pt overnight

at 4C and subsggugmtly gentrifugeg at 14,000 RPMianehtiga supematant

was discarded. The cells Were re-suspended|in-40-rum-PBS{pH-72) and

brought to an dBBc! Hensity of aBEimately 0. 25024BE Hm

wavelength: L%Erﬂ%ne se stangafdized badterial sygpaasions 100 | per
well were then coated over two rows per.strdin ontg-96-well ELISA plates

(Nunc Max sor@&ﬁa&nm bated $e#b2shours gt 26C %ﬂﬁwgﬁeby an
overnlﬂhaéé battorrat-4CTable 3Strains uséd Tor titer determination
throug ‘7\; A 25 28 Strain code isolation origin Country of isolation BB
445 seabass Indonesia BB 454 seabass Indonesia BB 5 22 seabass

Indonesia BB 527 seabass Indanesia, BB 1dARserRkass ddonasia 3% (wiv)

skim milk solution and washing, the primary antiserum was added. One row per

strain was incubated with 100 pl positive seabass serum, i.e. the serum collected from
survivors of a recent natural infection, whereas the second TOW per strain 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
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



BB 5 8 -seabass Singapore Table 3. 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 infettion, whereas the second row per

strain was incubated with negati abass serum. Both sera were ...
e e U TR T Bt e ey eI AM e

serialy wasfold dilvieddrempeeaiion bled -coluherd hieCtlaimme &t Badpted.
12 served as negative controls in which the primary antiserum was not
included for column 11 and the secondary antibody was not included for

SRRl T s Rigte R wer entharl inclbated dosiznocrat BTG gsiseghich are

and further developed using a oclonal antiserum Ins :
(SCRBSS N DL SR A S B it B A hi
coniHeated anahanipaayseat Bddindioh 112y8 0% Redctivpsavae the pathogen
developed by the addition of 3, 3., 5, 5'- t%grangethylbenzidine as substrate

- HKOIPEER ﬂ%‘iﬂ’ﬁeﬁft‘é’?@f&}@f%ﬁﬁé@ RES&tiBh by the addition of 50 | of a
2 M H2S04 solution. Titers for the different strains were expressed as the
reciprocal of the serum dilution 20 given an OD450"m 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 29 372 whereas the
highest titer was 1965. No systematic difference was observed between
isolation time and geographical place from where the strains were

isolated. It can therefore be concluded that all strains tested share
common antigens which are 5 recognized by fish. Furthermore, fish that
underwent an infection and survived this infection mount an antibody
reaction which plays a key role in clearing the pathogen
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and inducing subsequent immunity for the pathogen. 30 '
postulates In order to make sure that the agsumgd pathogE(;(r?rizFi)Ledggg;h )
pathc?gen, Koch's postulates have to be fulfilled. In order to evaluate
Kochs_ postulates, an attempt was de to perform a challenge with a
bacterium acc_ording to the invention.”5 Materials and methods Bacterial
EuItu. Big qIl_y bacterium was subcultured by spread plating onto
BRI platesy-and=mcubated at 26C for 48 hours. Subsequently the
h?egspggpaj ; Qggt%ﬁih@WWMgmbihwW@W&uM’S
pended in 8 ml huffer, Fis total of 40 ' ile fi i

R
HRIEYiRUslyA e 0f fishi aather samesbatdin sverieestea 1115

means of Giemsa-staining the internal organs to confirm the absence of

the pgthogen. All fish analyzed were shown to be free of the pathogen
Mhedish hagd admedn 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
ﬁﬁffl“\%_‘g(ﬁﬂ‘é‘ﬁ’)’}%ized groups of 20 fish and 20 transferred to a 50 L
ARUBLBLRIBRRak it fitenChed g Tk HpHadGl0 plates) and

_suspension was mixed with 792 ml of '
R e Lt o
RhHriac:shallenarwedy roaispainkd at 280 anffdissolved oxygen was

kept above 4 mg/L by means of supplying com ' :
after challenge. pplying pressed air. Observations

Fish

A total of 40 early juvenile fish Asian seabass were obtained from a hatchery where

no BBS was found previously. A number of fish from the same batch were tested by

means of Giemsa-staining the internal organs to confirm the 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 temperature
during challenge was maintained at 28°C and dissolved oxygen was kept above 4

mg/L by means of supplying compressed air.

Observations after challenge.

Dead fish were collected twice daily from the tanks and r_e_cdrded 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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Dead fish were collected twice daily from the tanks and recorded on
record sheets. 30 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. Ob§ rvations of the slides with light
microscopy at 100x magnification easily 31 revealed the presence or

absence of the Big Belly bacteriym_Additionally, the in | fa
oSO EaIRRE S BoF BETSh T O: BRI G BLS et platon st Boih BA

;anth Myconlasina Rgaisaaplennentee withsN AD bogsteimeang Frnaigied onto

Yeast Extract, irrespective of the results of. iems ini
b fhatb a5 IECT: 28 8ﬁf£§naﬁh%%%§én%c§%¥f@§g%émﬁé§ﬁ Yeast

haclariaksglanios wianohsened andsambsecuently. Cofsmsttycubated at
Gram-staining. Results Fish showi typical disease Signs.i-§ d and
Wideoadd éﬁ%%ﬂwwgﬁﬁfrﬁ%%‘%%%ﬁ%%ﬁg cg)lft e groarg) and
hehayvingliethamisalysyereseetnimghe challenged group but not in the
control group from day 5 after challenge onwards. Mortality started on day

6 after challenge in the challenged fish and continued over the following 5
Baygafter which all but one fish were dead. The one remaining fish in 15

the challenged group djed on day 19 after challe dead.fish pere
I@aﬁ&w&aéﬁ*&fm&@bﬁmsﬁ% it&l Igéﬁggﬁjérﬁ%%%%%g’ng to the

Jnvshtiap ¥was £laaryhsenyediitidetisa stalidvissremssion hrishalirged
that died from the contrql group. during the observati ' ever
e 48, o TS SIGHE TR e S e pr e
BBS-bacteria in Giemsa stained impression prints of the internal organs.

Irrespective of the results_fro e Giemsa-siaini i
iAGAl et B0 o T SRV SIRDar B TR o iy e et

Ha%RARELON R 2B suialye aediume Tisk novebadi@liapracesremggdish in
the invention was successfully re- jsolated from 09Sd and
BB T R o Sagiig L 11 CERPYEA SRRCSagpthd and
analyzed and the typical bacterium according to the invention was clearly 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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fish_t_hat had died _(mortality had occurred on day 4 post challenge). In
addition, all remaining fish in the control group were sectioned at the end
of the 21 day observation period, but in none of the fish could the Big Belly
bacter!um be 3Q demonstrated by Giemsa staining or by plating. 32 The
tmhorta;:t)hln function of time after challenge, confirmed to be attributed to
e challenge organism by either Giemsa staini / tingf
st e e A e R
cﬁdﬁl?%é&%@fh&%ﬁ?&s@m@ﬁsmﬁaiﬁmm@w vjarine Samderyarighpllenged
must be isolated/demonstrated in all cases_showing the same disease
ZERIRSPSY t?ﬁé%%‘ﬂe%%@ﬁ%ﬁlrgsg%}ﬁ?é Otga L|E§*:(r§nlginust be isolated as pure
a_nd 10 dominant colony type from the animals showing the disease
signs. 3) When_g;e suspected pathogenic organism is administered to
. sceptible animals they should develop the same disease while
%mgg@g,ghﬂa%pm @%mﬁd}mhe disease. 4) The same pathogenic
ganism must again be re-isolated from t challengedianimalse
! as a
pure and &ibrﬁﬁ%%?%&%rrﬁ/%%%.%% %%}%Oeﬁg%ﬂfagr? ism vlégas%glhﬁnd[il;l@ill
tcyas.es”of the glgf?eaagbfaﬁél fisheshiovueelsiigessame disease signs, i.e.
pically a swollen abdomen internall ' Var. i@n
of the intethal ?gsé.’ﬁg%tteodec?ﬁéhg A ﬁeé{ﬁ%lnﬂa%gﬁr%gg%ﬁrﬁf%\fga%igr%@v%f
20 demonstraisgianst caivhe tgeofynizdbicamdnenipRigRs dhe sHiGaTe&ns-

known pathogens its a ance: mainly.intra-cellylar; '
typ@cgl m&bh%%g%%@ués}g‘fﬁ%?oﬁt @ﬁ%@i%@%ﬁ%ﬁ%{ﬁ%@ﬁggﬁemy
staining in Glgﬁ@&@ﬁ'tﬂmmﬁmtﬂé@iehq@dﬁh@\@gét@@rw digrassgrlil

vacuole. Bacteria grown on agar.show,simi aracteristics i [
U . stics in Giemsa
staining but ﬁ%ﬁ?ﬁ%‘géﬁ/ﬁ : fcc)%n?c%}%%ﬁé} fn?cl)r?p oeli%iés in

4) The same patho genic organism must again be re-isolated from the

challenged animals as a 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 rhorphology: targe ellipsoid
bacteria (2 x 1 pm), showing bipolar staining in Giemsa stained impression prints
together with a orange-red vacuole. Bacteria grown on égar 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 disease 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 vielded the same pathogen. Moreover, the pathogen
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25 Gram staining. By using appropriate media, i.e. Chocolate agar
§upplemented with Vitox, the causative organism could repeatedly be
|§olated as pure and dominant growth from fish showing the typical
dls_ease_S|gns as well as displaying th3e3 Big Belly bacterium in 30 Giemsa
stained impression prints. By using the correct isolation medium all fish

sampled with BBS disease signs yielded th
e BRI DR RO L B ] rclred ntcheres
2Ad.as suehfrenmiweneifferentoopisies (Indonesia and Singapore).

B_acteria isolated from affected fish were used in a challenge [
(immersion 5 challenge). Healthy Asian seabass juvenilesgwgrxepggpr)r:)esr:d
1o SSReRRiaTeftharehal sige ergasidin anchallones eXpGEBENG fHE TS
c_hallenég organism develoged the typical BBS disease sensasovel as
@1@15?&?. HralhasanAB SR ERRge organiem in the abdominal
%?%%%@W%ﬁdﬁ%ﬁﬁemmtbtwﬁm dhibererinraaninal durinRekde

_ - the challenge organism, could;be re-i ochi
s SR S T S LU
lfilemandaarseatentntbspratationibetied BB aidOWE HoTRP™!
bacterium according to the invention as the causative agent has been 15
W@Véﬁ?sExample 7: Determination of 16 S rRNA sequence and

development of a PCR detection method. 20 minati :
: . 20 Determinatio
Belly bacterium 16 S rRNA sequ tion of the Big

Merbeg it SHCHREL O g a8 Resats At boing for 10
gﬁggﬁ@ﬁid&‘é?%ﬁ@@mn& of the rm gene encoding the 16S rRN,g were
Thus, ggk?’ synggllggg alrjes I’r[clgﬁlflggfearff’c? Lgﬂ@%&ﬁﬂpﬁg%ﬁﬁﬂﬁl\ﬁ&&reen BBS and
the novel bacterium according to the invention as the causative agent has been |

proven.

Example 7: Determination of 16 S TRNA seguence _and development of a PCR

detection method.

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) ina 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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sequ_enced using internal primers, essentially as described by Kuhnert et
al., hit. J. 25 Syst. Bacteriol 46: 1174-1176 (1996). Basically, the 16S
rRNA gene was amplified using oligo's nr 267 ’
(5'-AGAGTTTGATCATGGCTCAG) ang nr 268 (5'-
GTGTGACGGGCGGTGTGTAC) in a PCR cycling program of 3 minutes

denaturation at 94C, f

QRS B A SRSk G52 T program was ended by 7
@mmqm@trmqﬁmmm@wém’um@%@@@&fw&@m AG),
%%L?éc}ren?é I@%ﬁ @glfﬁz% Xé@%@@%@@f&vﬂﬂﬁﬂ $egluence reactions were

e primers mentioned above as well as nr 381
(B TATABGAGGCAGTRGTGEBABI 982 psyggnced on an ABI 310

agé%;A é%ggg@g&géﬁé%gd&ﬁg%éUSA) The sequence mixture
Jéﬁ_}_tgg@cl‘l\)@'ﬁ@ IR GRIGEQETREG)InaRS (&dy reaction mix (Perkin Elmer,
ACGCATT CGCTACAC) and 3 . .
Her LB Ui e co e b
r?n%%ﬂgﬂwﬁ;m«ée% ok ElnidriscHNensiaae Sy ed B s&HisHeR ©700-
re contained: roduc termi sea : ,
T

TMnTits-HICC, PHSchk salytdgChe) st A8 g@gﬁ% wahdverkis co?ucgnns

© mixt d
@%ﬁﬁﬁ%@%&ﬁﬁ%@%@ 00 FRERIQs AT WAR 6omPAgediobn the

econds 50C and 10 2 minutes 60C.
AiIEQ%Eﬁlﬁﬁfmiemmqmmubac@wemmﬁﬁd@vﬁﬁﬁﬁél@ie@dfﬁ%ﬁbﬂaen
nc,, Califgrnja, USA accqr ing4Q Maryfagtu ;! QRS Ad0 i
GolieglE (g{é’fﬁrc?rﬁ/a éﬁge%%%%eﬁmgequenbggﬁ%g}% Zo_IIecticelLEclJIWmli v

%%%@)zﬁfé&ﬁi@ﬂsﬁmtemsm VamstorCrofarpie KR DI NESERRE Y
nalysed wi u | O Bl ki
L o
(411 cleqidescoch) i ol o s
B&Bi% HAELtENEEETh The pg%%c 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. Subsequently, the 77n 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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(http://shmsgioi.shm.intralbci/interblast.ntml) using BLASTN (see highest
scores in table 1). The highest scoring organisms were all in the Vibrio
genus and some in the 20 Photobacterium genus. Subsequently, the rrn
sequences of these genera were dov§nloaded from the Ribosomal RNA
Database site (bttp://rdp.cme.plgg.ed fcgisl) and aligned using Vector
Advance software (Vector NTI Advance" software, as, avalil f

RS OB G TSN SHNAUTE TS SO SO e apbe e
PERRIG 5o GRRE HIENSIORRE TRl G:66) 1T reinesulfogeatigrrrehttoshi Table 4:
exported in 25 the "msf' format and imported and analysed in the MEGA 2
software package (Sudhir Kumar, Koichiro Tamura, Ingrid B. Jakobsen,
BideMasatoshi Nekc200dcMESAR: dMelecdanilioltisnatp Bertics
Analysis software, Biginformatics (submitted). This software is available
%WH@HQ?@%@BR@?HM"&gaSOﬂWNe.ne. The resulting dendrogram

is shown above 30 Selection ofprimers and develgpment.ofa-PEGR
détactiomtnethb&egBerBased on the 16S rRNA gend ¥E§i8Ace datalifPPro*:

. . . . . icon
comparison to available sequence data a series of potential-primers o lico

dedigted. The pAMEEAdEEASGSIC TIAEH M able A0TF2Hle 4.
prilBBRséquendes &t \eXpesiedaphéeli sz (RBFSN #Rs8%
WtBBRR-2, -3 pf -Z)A ARKDTALIGA SAGHen T BlrectinfPRFSFSX
BBBHISATGAG FAATGCOTAGGARTHC Hatd n.d. [BRIRES 5
CTAATCCCACCTAGGCCA reversed 140 b BBR-3 5'
TAACGTCAAGAGGCATGC reversed 400 bp BBR-4 5'

TCTCCGCTGGCTTCTGTA reversed, 90 ¢ - - |
B o g L T e

BREHRFh BRREBRAH BBBEHVWEB RERyddmegesebibipigspetind amplicon

sailzrréPIIg%?e 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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10 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 26C on Choc+ agar for the BBS-strains and on TSA-1 for V.
anguillarum. A small portion of an isofated colony was picked from the
late by means of a injegtion eedle and trans eigd to,a fube 1
(AR

ﬁ@iﬁﬁ?&-‘bm%tﬁeé HV_? gé-dolgk% l‘):s/é%tar he goks wergi%e%erally run at

am Biosciences
168UN8r 3FmIRO8AkN apprexinately bt of dacierias 1005 widgduha tpbed
primers (10 tM stock solution) and 23 Id of double distilled water. The
USHHE IR BFeB[WeW@éX&t baid Thermal cycler with the following
settings: 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
[R5 PGR-predrtReraanalyizad onrd fAYhagaptseiyel YBSTFeshBBCat

BST3001- 1000) i ffer (4.84g Tri M- 42154,
S BB 1 1 8 e eSSt S (33 ht o

de-ionised water). The gels were generally run at 120V for 60mins,

stained with ethidium bromide during gel run and photographed using
H&ene Bio Imaging System. 5 In a subsequent PCR run the settings

weredulth erraptifiizedbyringreasinditerednnealing temperature with 2C,

while leaving all other setting, unaltered. F tefosfhefitgton of
ThA @Fé‘%ﬁ\’%%rﬁl}ﬁ i %1.“116%%%33’ régt;hﬁ%g &gﬁggﬁéﬁuﬁ# 1ir!dicated hat

thetkpeimerssatsialdeglan ampRbatofithd bxpacpd ek ewners sfspagacted
vgf)irghBt éc'. iftfz%g‘z?ﬂﬂ;%es‘{%ﬁhba%’ &Q@%Saﬁ{gﬁﬁb@g?tfgifferent than expected size

and of a 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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with the V. anguillarum strain and gave an amplicon of a different than
expected size and of a marked lower yield. 15 In order to optimize the

PCR we increased the annealing temperature with 2C. This annealing
temperature would theoretically favor the BBF-1IBBR-4 primer-set. All

other methods and procedures remainéd unchanged. The results of the
second PCR run are presented in Figure. 7. For?'s run, only.o
BRSSO EIN 31 48) A fdtHE D & AigeitsHim int ﬁb&ﬁ%@%‘?@%ﬁ%@%ﬁq‘lﬁﬁﬁr 0
208 were AmplifiedsThasesyis show thattbet dinlvpatedgerossiréactions

RSB BT REwiSVEH The- 54 HAE SHAVCP S (AR AR >

gave a marked lower, yet specific yield as compared to the first run.

Based on the results obtained the primer set, BBE;1/BBR-4 was_.chos

TR SR BB SR AT AU AR AT e B B
ﬂ?féﬁ%@ﬁéﬁ@a@ﬂm@tﬂmﬁﬁéﬂ standarg gelimeasstéineytsoaiamioaitts pixsent in
30 Evaluation of Frimer speclficit}%/ 37. Thi ex e{ti;m%&tn airp{ﬁgvgta&\i/l%{gting
fpld spmmcing SPRECHHMEEHS: BECIN OIS Behieve this a seres of

strains, representing different fish pathogenic and non- pathogenic

species were tested. An_qverview of the species tested is\given | I
RN PO LS ET A (oaToh B By e 1O AR LR B
walysis aEE-piyRreneticilicenestdinisktmentasrweliakdpy thétiost likely
contaminants present in field samples. A total of 17 species were

included in the comparative analysis. The methods applied were identical
tashose dergripeg-abhavecOnlyieng@ifitrysetaliSinabibis@dR-detection
BBF-1/BBR4, and the annealin temperaturtea/vas_klfe tat 56C. Table 5:
List of spé&%@%@@iﬂ‘ﬁ%@p‘@fﬂ it BRSO HHE BCR-detection

method and the lane layout as presented in the gel. 15 Lane Strain

number1SpeciesgiambiostSpecies Origin/ host
I SB 1129 Big Belly strain L. calcarifer
2 NCIMB 1280 Vibrio harveyi Reference strain
3 ATCC 43305 Vibrio anguillarum Reference stra%n
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 O. mykiss
12 SB 1132 Tenacibaculum maritimum L. calcarifer
13 ATCC 7003837  Pseudomonas plecoglossicida P. altivelis
14 INS 162 Aeromonas salmonicida S.salar
i5 ATCC 33907 deromonas media Type stral'n
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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| SB 1129 Big Belly strain L. calcarifer 2 NCIMB 1280 Vibrio harveyi
Reference strain 3 ATCC 43305 Vibrio anguillarum Reference strain 4
NUMB 1318 Vibrio alginolyticus Reference strain 20 5 LMG 8893T
Lactococcus garvieae Type strain 6 LMG 14520T Streptococcus iniae
Type strain 7 CCUG 10073T Nocardit asteroides Type strain 8 YT 961
Photobacterium damsela subsp. damsela S. quinqueradiata 9 INS 602
Photobacterium damsela subsp. piscicida S. dumerilii 25 10 DNA ladder
@@Er}ﬁpgfﬁmmwgmmﬂummwmmm 12 SB 1132
enacibaculum maritimum L, calcarifer, 13 ATCC 700383T Pseudo
LGRS B SHUBIS I P RS CERRO AR K
%%%ﬁfﬁﬁ;@;@&ﬁ%ﬁﬁaﬁ@mqe@m@diav“éyﬁe\steaimek&mmmmagaﬂv% in
otobacterium angustum Type strain 17 INS 242 Edwardsiella tarda A.
VAP o ST S BT ReIE b 5 Fe S T Les o
tggﬁpgggg{@(g%@nﬁ]gg@sare presented in figure 8. As is apparent from
figure 8, the PCR primer combination (BBF-IIBBR4, the 40 annealing
temperature kept at 56C) as used is highly specific. Only the BBS-strain
used gpageasP Gitr-areduet MY petspegies and genera did not. 38
Evaluation of available BBS-strains and detection limits Representative

isolate§ TorRgAlTarent sSiadnsoaiine HacteriuDvaaeprdingitaitme
code
INS 445 seabass Indonesia
INS 454 seabass Indonesia
INS 512 seabass Indonesia
INS 527 seabass Indonesia
SB 1128 seabass Indonesia
INS 598 seabass 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 mi, 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 cells as a

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



invention in the collection were tested. An overview of the strains tested is
given in 5 Table 6. The PCR test was performed as described above, with
an annealing temperature of 56 degrees. Table 6: Strains used for PCR
testing 10 Strain Isolation origin Country of isolation code INS 445
seabass Indonesia INS 454 seabass Indonesia INS 512 seabass
Inb6ERIdo 1S Buresabass Indonesia SB 1128 seabass Indonesia INS
598 seabass Singapore 15 In addition we evaluated the detection limits
starting from pure growth. For this strain INS 445 was grown for 48 hours
of WS MgaREEDB (ST BRRth S NaPGRREH BRI (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
WSS Adhtisratrteianed gpRrEns Yepmr 2htheSRARP RNASIRN FifGRASS EvgRInS
thesbilstigne dhalcconiainedriis) AQPmtCvAQard daighedspey.ml, 1 ml
was centrifuged at 14,000 RPM for 10 minutes and the pellet was
processed as described above. Results 25 The results are presented in
figirer93.ThR aeHlls sladdy AN JnaPBighealy 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 cells as a

10 Nipimakamountinihe PIRSBRIYLSRL IR BLAHMIRIHRLGEERPdI0 SRain 0.4
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reading in the ELISA
Figure 5: Mortality caused by BBS-bacterium in challenged and control fish.

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

Figure 7: PCR results for two primer sets against a BBS-strain and a V. anguillarum
internal reference strain. 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) Tamp]iﬁcation = 05/56/ 720C.

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



Legend to the figures: Figure 1: Mortality over time of juvenile seabass in
culture. 5 Figure 2: Giemsa-stained impression print of the spleen of Asian
seabass showing bipolar appearance {gouble arrow) and the "vacuole”
(single arrow). Figure 3: EM picture of the intracellular organisms. 10
Figure 4; titers expressed as the reciprocal of the serum dilution required

to Hhidif’ DarteaacindNs thes B TSackigurels INBrATY K duseainy! 1: INS 445 10°
BRS:harierym ifghallenged.and controlfishogl5 Figure 6: PCR results
for two primer sets against two BBS-strains and a V. anguillarwn 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
(lanes 1-3) and BBF-1/BBR-4 (lanes 4-6). Tampiification = 95/54/72C. 20
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-IBBR-3 (lanes
1-3) and BBF-1/BBR-4 (lanes 4- 6). Tampiiflcation = 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 used: BBF- 1BBR-4 Figure 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: INS 527; 5: INS 454; 6: SB 1128; 7: DNA ladder; 8: INS 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
Claims



1) 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 sectience 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 | or
chara€t@i#éd 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 +1- 15 base pairs. 2) Gram-negative )
pleiorhbriFETagssHap EleisaesphifT ednshng Bhg Banyracamsese Bigdislly disease
charactefizgehinHigl S0 LA eI EWIREREM A JOREBNA 08NRRIA genc of

which the nucleotide sequence has a level of identity of at least 97 %

preferabRyBeloReHERLpRERTEIITTS0 b2sArg AL INETBraE ™ B9t e

nucleotige36,AUeNoe as ﬁs@%%%%@ H2 NQ Hane £1e2ale1ged;in the
that the bacterium comprises alb Sr N&%}ne that reacts in a PCR

reaction WitHOHHN EF9US8 Weisi apiciadSE 8RB MO aher shasasteaizeippbat the
product g} QB3 cbaBRsE: RAES SRIFFHRNEMA Ve RISIAMPPR Ceaction with

rod-shaped bacterium according to claim 1 or 2, characterized in that said
bacteriuBHiFagFE 49depitteh infd I SN L endd.fegarive Bleforieyriof 903 +/-
rod-shapeq,pactariym according to claim 1 or 2, characterized in that said
bacterium is in an inactivated form. 5) Microbiological culture comprising a

bactéliuR ABhaFZetE R pmeERiaradelnnrd bertpriascausingdtigelly disease
according fRitlaims defi-8) MiaroRiegical GHIIHES ARRREYING 4% HTA Zene of

characterized in that said culture comprises NAD. 7) Vaccine for

combatiyidigEemclspiidestequans, hasartastelvbilaritapsaidesdddine

gggggt'a |e%’§ﬁ%?m SUHBRIB NS, Lxth ARG ARBRIAGIUHANY 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



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 genegp material is derived from a virus
or microorganism pathogenic to fish. 9) Vaccine according to claim 8,

Kherein, {5, of MIGIAIaANEM PATRAgENIG 0, fish 5, selected fiom, s,
e fish pathogens Vi |

group consisting of t rio anguillarum,
Photobpetergemdanisblae subspecies piscicidae, Tenacibaculum

mafgm‘&!%cﬁ'@x&'%arﬁ% HYE m?%i%&%&erx%%g%y HEEEHR IR pathagenic to
Lactococcus garviae, Edwar sneldtarda,%. ictaluri, Viral Nécrosis virus,
iridovirdtslafrselotteibfpesviheseroop vacsinmpo St Batimy BirgBelly ibrio
Diseas riged in th | G 1] 1bodi ifi

o o e P 2 PR et
carrier ady Nrawoine eedordieg 1o slaini$er:8ciehapacheriggdcirctivatsgaid

Vaccinia%9o@ggéissaépv%déuf Do ARUROGY SPesifis.io %zﬂaﬂsmis virus,

i
according to claim§ 1-4. 13) Bacterium according to claims 1-4, for use in
a vaccimgdoy# )t suul dfel bbsmraswmmaccor'diirg to claims 1-4, for the

e s A g g M e
said mesRsdizshanibedigreshiainig Efalisstesinnaecesithtpdammisd pad a
o RSB SSERAD R = 1) Moos e preerton
comprides:the amiringngf tartibiodics 18 achivestithzzd badieri smdacsending to
claimsc%hdlfp%{ggs %ngf@gggutically acceptable carrier.
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 B
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.



17) Diagnostic test kit for the detection of antibodies reactive with a
bacterium according to claims 1-4, characterised in that said test
comprises a bacterium according to claifns 1-4, or antigenic material
thereof. 18) Diagnostic test kit for the detection of a bacterium according
to clai -4 or antigenic materjal thereof, characterised in that said ]fEest
compr%i) AP ST & ARSI éoﬂ%i%%%%fﬁﬁe%d%%ﬁ%? Lpst
19) Diagnestigiist kit foptheegeteclipicaida hagierimacarging to claims
1-4, characterised in that said test comprises PCR-primers that
specifically react with the 16 S rRNA gene of a bacterium according to
claims 1-4. 43 20) Diagnostic test kit according to claim 19, characterised
in that said test comprises PCR-primers as depicted in SEQ ID NO.: 2 or
3. Novel bacterium and vaccine Abstract The present invention relates to
a Gram-negative pleiomorphic rod-shaped bacterium causing Big Belly
disease in fish, to a microbiological culture comprising said 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 bacterium and vaccine <130> 2004.019
<160> 3 <170> Patentln version 3.2 <210>1



<211> 1411 <212> DNA <213> big belly syndrome <400> 1 agtttgatca
tggctcagat tgaacgctgg cggcaggcct aacacatgca agtcgagegg 60
cagcgacaac attgaacctt cgggggattt gttgggcgge gageggegga cgggtgagta
120 atgcctagga acatgcccta acgtggggga taaccattgg aaacgatggc
taataccgca 180 taatctctac ggagcaaaga gggggacctt cgggcctctt gcgttaggat
tggcctaggt 240 gggatiages agHagigag ginalggeic.accaaggcaa cgatcictag
ctggtctgag 300 aggatgatca gccacactgg aactgagaca cggtccagac
tcctacggga ggcagcagtg 360 gggaatattg cacaatgggc gaaagcctga
tgcagccatg ccgegtgtgt gaagaaggec™ 20 g §gtigt aaagceacttt cagtcgtgag
gaagg ggta tgtttaatac gcatgcctct 480 tgacgttagcgacagaagaa gcaccggcta
actccgtgcc agcagccgceg gtaatacgga 540 gggtgcgagc gttaatcgga
attactgggc gtaaagcgca tgcagqtggt tagttaagtc 6 1 f.
e R B b e g e un
cageigiave suigaaatgegtagdalyatet gaagyatagFa0uBygggoYaE ng said
gcggccccc tggacagata ctgacactca gatgce
o B e e e
GaltgAgsey iggsiiltegagaianedtys tidkdytagaung tethggustitdet ity esoo the
aagattaaaa ctcaaatgaa ttgacggggg cccgcacaag cggtggagca tgtggtttaa 960
fsgatgiHe Refd§a%Thac cttacctact cttgacatct acagaagcca geggagacge
1020 aggtgtgcct tcgggaactg taagacaggt gctgcatggce tgtcgtcagce tcgtgttgtg
1586“5561tgttggg ttaagtcccg caacgagcgc aacccttatc cttgtttgcc agcacgtaat
1140 ggtgggaact ccagggagac tgccggtgat aaaccggagg aaggtgggga
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 ccgecegtca ¢ 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
cttctgta 18 .

SEQUENCE LISTING

<110> AKZO Nobel N.V.

<120> Novel bacterium and vaccine

<130> 2004.019

<l60> 3

<170> PatentIn version 3.2

«210> 1

«<211> 1411

<212> DNA

<213> bkig belly syndrome

<400> 1

agtttgatca tggctcagat tgaacgctgg cggeaggecet aacacatgea agtegagegyg 60
cagcgacaac attgaacctt cgggggattt gttgggegge gageggegga cgggtgagta 120
atgcctagga acatgcccta acgtggggga taaccattgg aaacgatgge taatacogea 18¢
taatctoctac ggagraaaga gggggacctt cgggectctt gogttaggat tggcoctaggt 240
gggattagct agtitggtgag gtaatggebc accaaggceaa ggatetctag ctggtctgag 300
aggatgatca geocacactgg aactgagaca cggtocagac toctacggga ggcageagtg 360
gggaatattg cacaatggge gasagectga tgeagecabtg cogegtgtgt gaagaaggeo 420
tteogggttgt aaageacttt cagtogtgag gaagggggta tgtttaatac goatgoctcek 480
tgacgttagc_gacagaagaa gcaccggceta actocgtgec agcageegey gtaatacgga 540
gggﬁgcgagc gttaabcgga attactggge gtaaagogeoa tgcagggggt tagttaagte 600
agatgtgaaa gcccaaggct caaccttgga attgcattty aaactggeta gotagagtac 560
tgtagagygygy ggtagaattt caggtgtage ggtgaaatgc gtagagatct gaaggaatac F20
cggtggcgaa ggcégccccc tggacagata ctgacactca gatgcegaaag cgtggggago 780
aaacaggatt agataccctg gtagtccacg ctgtaaacga tgtotacttyg gaggttgtgyg 840
ccttgageog tggctttcgg agctaacgeg ttaagtagac cgootgggga gtacggtoge 200
aagattaaaa ctcaaatgaa ttgacggggg cccgcacaag cggtyggagea tgtggtttaa 960
ttegatgeaa cgogaagaac cttacctact cttgacatet acagaagceca gc§gagacgc 1020
aggtgtgoct teogggaactyg taagacaggt gctgeatgge tgtcogbcage togtgttgtg 1080
aaatgttggg ttaagtcccg caacgagege aacccettabte cttgtttgeoc agcacgtaat 114¢
ggtgggaact ccagggagac tgocggtgat aaaccggagy aaggtgggga cgacgtceaag 1200
teatecatgge ccttacgagt agggetacac acgbgctaca atggeogceata cagagggctg 1260
ceaacttgeg azagtgagog aatoccazaa agtgecgtogt agtoecggatt ggagtctgea 1329
actcgactcrs atgaagtegyg aatogetagt aatcgbtggat cagaatgoca cggtgaatac 1380
gtteccggge cttgtacaca cogoccgtca c 1411



«<210> 2
«21l> 19
<212> [DNA
<213> big
<400> 2
tgagtaatgo
<210 3
<21i> 18
<212> DNA
<213> big
<4G0> 3

totcogetygg

belly syndrome

ctaggaaca

belly syndrome

cttetgta

18

18



