I*I Innovation, Sciences et Innovation, Science and CA 2873305 C 2021/11/16

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 873 305
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2013/05/14 (51) Cl.Int./Int.Cl. A67K 39/02(2006.01),
(87) Date publication PCT/PCT Publication Date: 2013/11/21 A6TK 39/116(2006.01)
" . (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2021/11/16 SORUM, HENNING, NO
(85) Entrée phase nationale/National Entry: 2014/11/12 e
(73) Propriétaire/Owner:
(86) N° demande PCT/PCT Application No.: EP 2013/059972 PREVIWO AS, NO

(87) N° publication PCT/PCT Publication No.: 2013/171236 (74) Agent: RIDOUT & MAYBEE LLP

(30) Priorités/Priorities: 2012/05/14 (US61/646,388),
2012/05/14 (NO20120561)

(54) Titre : VACCIN POUR POISSONS
(54) Title: FISH VACCINE

Jan  Feb Mar Apr May June July Aug Sepr O Mov  Dec

(57) Abrégé/Abstract:

The present invention relates to novel compositions for medical use, particularly for use as vaccines. The present invention relies
upon the dependence of the bacteria of the species Allivibrio wodanis (formerly Vibrio wodanis) in the pathogenesis in the
unrecognized, novel disease wodanosis (Norwegian: odinose), as well as in the chronic disease stages of winter ulcer in a
composition together with Moritella viscosa (M.viscosa). in addition, it is also related herein to a composition comprising inactivated
bacteria of one or more culture(s) of the species M. viscosa cultivated in physical contact with cells of A. wodanis to improve the
technical composition and protection of a vaccine against winter ulcer. The invention also relates to use of such vaccine
compositions in prevention and/or treatment of wodanosis and winter ulcer, methods for the production of such vaccines, and to
methods for preventing, controlling and combating Allivibno wodanis infection and chronic winter ulcer in fish.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2013/171236 A1 [N 000000 O O O

(43) International Publication Date
21 November 2013 (21.11.2013)

CA 02873305 2014-11-12

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2013/171236 A1l

(51

eay)

(22)

(25)

(26)

(30)

1

(72

74

31

International Patent Classification:
A61K 39/02 (2006.01) A61K 39/116 (2006.01)

International Application Number:
PCT/EP2013/059972

International Filing Date:
14 May 2013 (14.05.2013)

Filing Language: English
Publication Language: English
Priority Data:

20120561 14 May 2012 (14.05.2012) NO
61/646,388 14 May 2012 (14.05.2012) US
Applicant: NORGES  VETERINARHOGSKOLE

[NO/NOJ; Postboks 8146 Dep, N-0033 Oslo (NO).

Inventor: SORUM, Henning; Larsbratveien 149, N-0674
Oslo (NO).

Agent: VALEA AB; Lindholmspiren 5, S-417 56 Géte-
borg (SE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

with (an) indication(s) in relation to deposited biological
material furnished under Rule 13bis separately from the
description (Rules 13bis.4(d)(i) and 48.2(a)(viii))

(34

Title: FISH VACCINE

Figure 12
o
14
12
108
,/‘f “'s‘
N Vs \
-
e /x
\ e
& T
Jan  FfFeb Mar Apr May Juns  Juky Aug Sept Oct Moy  Dec

(57) Abstract: The present invention relates to novel compositions for medical use, particularly for use as vaccines. The present in-
vention relies upon the dependence of the bacteria of the species Alliivibrio wodanis (formetly Vibrio wodanis) in the pathogenesis
in the unrecognized, novel disease wodanosis (Norwegian: odinose), as well as in the chronic disease stages of winter ulcer in a
composition together with Moritella viscosa (M.viscosa). in addition, it is also related herein to a composition comprising inactiv-
ated bacteria of one or more culture(s) of the species M. viscosa cultivated in physical contact with cells of 4. wodanis to improve
the technical composition and protection ot a vaccine against winter ulcer. The invention also relates to use of such vaccine compos -
itions in prevention and/or treatment of wodanosis and winter ulcer, methods for the production of such vaccines, and to methods for
preventing, controlling and combating Alliivibno wodanis infection and chronic winter ulcer in fish.
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FISH VACCINE

TECHNICAL FIELD

The present disclosure relates to the field of vaccines, particularly vaccines for vaccinating

fish against disease.

BACKGROUND OF THE DISCLOSURE

Winter ulcer is a known and only parily unsolved problem within the salmonid farming
industry, especially relevant for the Atlantic salmon and rainbow trout farming. Winter
ulcer causes annual losses of around NOK 100 million to the Norwegian aquacuiture
industry. In addition new findings show that more than 7 million salmons already
vaccinated against winter ulcer are potentially lost to the industry only during the first 3
months after sea transfer due to ulcers that often is demonstrated to be winter ulcer.
Industry officials has also identified a substantial lack of reporting of the iliness, as the
reporting of this disease is not mandatory and required. Out of the NOK 100 million
registered losses, NOK 20 million are caused by down-classification of fish products due

to scars and damaged muscle tissue which again causes a lowered meat quality.

Winter ulcer has also been a probiem to the aquaculture industry in Scotland, Iceland,
Faroe Islands, lreland, Canada and Maine in USA (Bruno et al. 1998, Gudmundsdottir et
al. 2006, Whitman et al. 2000).

Moritella viscosa has since long been shown o be causing winter ulcer in farmed
salmonid fish. From the first known outbreaks of disease in the 1980s focus has been on
preventing and controlling the disease by controlling the bacterium M. viscosa. Since
1883, fish have been vaccinated against winter ulcer, and the main strategy today is to
use a multi-component vaccine in vaccination of smolts before sea launch. M. viscosa is
one of the up to six microbial components in the multi-component vaccines from all the
vaccine producers. The other components than M. viscosa are intended to protect against
other diseases than winter ulcer. Vaccination of farmed Atlantic salmon has for nearly
three decades been performed with one single intra-peritoneal injection of a multi-
component vaccine protecting against up to 6 different infectious diseases before
smoltification and sea launch. Since vaccination against winter ulcer started the vaccine
effect has not been optimal, being successful with 260% relative protection.
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From the first known outbreak of winter ulcer in the early 1980s, and throughout the time
period to the present, it is well documented that Vibrio wodanis (V. wodanis) is isolated
along with M. viscosa from both head kidney and wounds in diseased salmon. It was from
the beginning of the 1990s, both in Norway and Iceland documented that M. viscosa could
reproduce many of the symptoms seen in winter ulcer by using a heaithy salmon in the
challenge. Parallel challenge with V. wodanis did not produce any disease. It was
employed intramuscular challenge in these early experiments. Hence, it was concluded
that V. wodanis did not have any important role in the development of winter uicer.

Aunsmo et al. in 2008 document ulcers as accounting for 43% of the mortality in Atlantic
salmon smolts already vaccinated against winter ulcer during the 3 first months after
transfer to sea. It was shown that ulcers occurred in outbreaks with both M. viscosa and
V. wodanis isolated from the kidneys of vaccinated but diseased salmon. In addition
ulcers occurred as a cause of low baseline mortality during the first 3 months. Further

winter ulcer occurs as a problem in all parts of the growth period.

The diseased post-smoits will also have a lower chance of becoming fully grown salmons
having a higher mortality rate. The study published by Aunsmo in his 2010 dissertation
had followed 2.7 million vaccinated post-smolts after transfer to sea in 20 different cages
at 10 different localities in Norway. Overall mortality of the smolts was about 2.5% with the
main cause of mortality explained by wounds (mainly winter ulcer) accounting for 43% of
deaths in spite of the use of the only relatively effective commercial multi-component
vaccine with the winter ulcer component. Extrapolated, 2.5% of the about 280 millions of
salmon smolts ‘Taunched’ in total annually in Norway die from wounds that primarily is
caused by winter ulcer the first 3 months after transfer from freshwater to net pens in sea.

Wodanosis as defined herein may produce skin ulcers in combination with septicemia or
may be dominated by septicemia in the summer months which may mean that as much
as 4-5 % of the smolts are lost the first 3 months in sea because of either winter ulcer or

wodanosis.

Winter ulcer occurs throughout the complete growth period except for the summer months
and the total losses including loss of salmon near to slaughter is not known. However, in
2008 it was reported a direct loss from down-classification of slaughtered salmon of NOK
20 million suspected to be mainly caused by winter ulcer in only one single salmon farm
(ref Fiskehelserapporten VI, 2008).
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Winter ulcer is a disease not required to report, but by an annual phone call to the local
Fish Health Services made by an official at the National Veterinary Institute annually
between 35 and 55 farms is “remembered” to have had outbreaks of winter ulcer by the
various Fish Health Services. In the fish health report from the National Veterinary
Institute covering 2010 it is noted that a “Smolt syndrome” has been recorded just after
transfer to sea. The smolts grow poorly and develop ulcers and it is related to improper
smoftification in large batches of salmon transferred to unusually cold water. It is reason to
believe that winter ulcer bacteria together with Tenacibaculum spp. bacteria may be

related to these ulcer problems.

As a result from a collaboration between the vaccine company Alpharma (Pharmag from
2004) and the icelandic fish health research scientists at Keldur, University of Iceland,
Reykjavik, an autogen vaccine against atypical furunculosis was made in 1991. From
1992 V. wodanis was added to this vaccine against atypical furunculosis hecause the
land-based fish farms in Iceland pumped seawater from relatively large depths that
resufted in winter ulcer in the tanks. Possibly because V. wodanis was easier to cultivate
than M. viscosa, V. wodanis was chosen for this specially made autogenic vaccine that
however did not improve the situation. From 1993 M. viscosa was included as a third

component in the vaccine and the occurrence of winter ulcer dropped considerably.

However, after a collective evaluation in 1995 V. wodanis was removed from the vaccine
without any increase in the number of outbreaks in the land-based tanks. (Thorarinsson
og Lystad, Norsk Fiskeoppdreft, nr 10, 2003).

in 2007 V.wodanis was reclassified as Aliivibrio wodanis (A. wodanis) (WoRMS (2011).
Aliivibrio wodanis Lunder, Sorum, Holstad, Steigerwalt, Mowinckel & Brenner, 2000.
Accessed through: World Register of Marine Species at
http:/iwww.marinespecies.org/aphia.php?p=taxdetails&id=570711 on 2012-05-12). The
terms A. wodanis and V. wodanis are used as synonyms in this description.

A. wodanis has once previously been included in an experimental vaccine against winter
ulcer in Atlantic salmon in a challenge and vaccination study without causing increased
protection against winter ulcer (Greger and Goodrich, 1999). In the experiment no
pathogenicity was demonstrated by A. wodanis by intraperitoneal injection in rainbow trout
and therefore the vaccinated Atlantic salmon were not challenged with A. wodanis. The

lack of disease development in rainbow trout at 10°C after intraperitoneal injection may be
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caused by fish species specificity or any methodological impact not reported. The
vaccinated salmon fry was challenged intraperitoneally with M. viscosa in the study of
Greger and Goodrich (1999) and no increased protection against M. viscosa caused after

introduction of A. wodanis in the vaccine was reported.

Thorarinsson & Lystad et al (2003), summarized research and field experiences related to
the virulence of V. wodanis in winter ulcer, but concluded that it did not have an
immediate role in the disease. In addition, it was also mentioned therein using V. wodanis

in a vaccine did not provide any protection against winter ulcer.

A specific vaccine tested in the field on Iceland containing A. wodanis did not improve the
protection against winter ulcer and A. wodanis was later withdrawn from the vaccine since
M. viscosa alone was reported to protect effectively against winter ulcer (Thorarinsson &
Lystad et al (2003)).

Greger & Goodrich (1999) also concluded that V. wodanis was not a pathogen. The same
conclusion was drawn by Lunder et al. 1995.

Accordingly no virulence in disease has yet been proven for A. wodanis. In addition, no
medical use thereof and particularly not a medical use thereof in the form of a functional
vaccine has been proven. Furthermore, the role of A. wodanis in winter ulcer has never
been clarified, as it has been concluded to be of no use in the development of vaccines
for this disease. Hence, the role of V. wodanis in diseases affecting fish remains blurred,

and especially its interaction, if any, with M. viscosa.

In summary, there is a need in the art to overcome or at least mitigate the problems
associated with disease in fish, such as Salmonidae, by finding alternative vaccine
solutions to the vaccines available as of today. There is a further need in the art for
improvements of the vaccines to winter ulcer as well as vaccines for the treatment and/or
prevention of the herein defined novel disease, wodanosis. There is a further need in the
art for an improved vaccine which wilt remove most of the loss caused by ulcers in the
safmonid farming and also improve the product quality due to the occurrence of reduced
scars and connective tissue in the meat of salmon surviving winter ulcer especially in

spring and summer when sea water temperatures rise and ulcers heal leaving scars.
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SUMMARY OF THE DISCLOSURE

The above presented problems have now been overcome, or at least mitigated, by the
findings presented herein resting on a novel vaccine concept based upon the role of the
bacterium Alliivibrio wodanis (A. wodanis) in the pathogenesis in causing wodanosis as
well as in winter ulcer together with Moritella viscosa (M. viscosa). It is shown herein, the
importance of these two bacteria in disease in fish, especially in winter ulcer and
wodanosis and furthermore the importance of their interaction in the pathogenesis and the

different stages thereof.

This is the first time that a functioning vaccine has been produced that is effective against
two different infectious diseases caused by two causative bacteria that in a complex
interptay modulate the combined pathogenesis tightly. The findings as presented herein
also support the concept of the presence of acute and chronic disease stages in both
wodanosis and winter ulcer, which also necessitates the development of a vaccine which

is effective against all specific stages of disease.

Accordingly, the present disclosure relates to a composition comprising inactivated
bacteria of spp. Alliivibrio wodanis (A. wodanis) for medical use, such as inactivated
bacteria of one or more single culture(s) of A. wodanis. In addition, it is also related to
herein, a composition which comprises inactivated bacteria of one or more single
culture(s) of A. wodanis, and/or which further comprises, inactivated bacteria of one or
more mixed culture(s) of spp. A. wodanis and Moritella viscosa (M. viscosa) for medical
use. These compositions can also be complemented with inactivated bacteria of one or
more single culture(s) of M. viscosa to be especially efficient as a protective vaccine
against the winter ulcer part of the disease. Further, these compositions contain
inactivated bacteria from one or more single and/or mixed cultures which have been
cultured at different salt concentrations and temperatures, for optimizing the antigenic
appearance of these bacteria when treating and/or preventing the acute and the chronic
stages of disease of winter ulcer and wodanosis which vary due to the varying conditions

in the sea further explained herein.

The compositions are described herein as vaccines, and for use in the treatment andfor
prevention of wodanosis and/or winter ulcer. Also provided herein are methods for

producing these compositions, methods for treating and/or preventing wodanosis and/or
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winter ulcer in fish, as well as vaccine compositions and kits comprising the inactivated

bacteria as described herein.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1 and 2

Western blot of various isolates of A. wodanis cultivated at 12°C in 2.5 % NaCl (Figure 1)
and at 12°C in 0.9 % NaCl (Figure 2) and developed with an antiserum produced in rabbit
from a co-cultivation of A. wodanis and M. viscosa at 8°C. Lane 1: See Blue ladder
(Figure 1), Magic Marker (Figure 2), Lane 2: NVI 03/09/160 Irish Atlantic salmon, Lane 3:
NVI 04/60/17347 Atlantic cod, Lane 4. NVI 06/09/178 Atlantic salmon, Lane 5: NV
06/09/170 Atiantic salmon, Lane 6: NVI 06/09/139 Atlantic salmon, Lane 8 NVI
06/09/184-54865 Atlantic salmon, Lane 9: NVI 06/09/194-5461 Atlantic salmon, Lane 10:
NVI 06/09/4417 Atlantic salmon, Lane 11: NVI 06/09/138 Atlantic salmon, Lane 12: See
Blue ladder (Figure 1), Magic Marker (Figure 2).

Figure 3

Mortality curves from bath challenge with a co-culture of A. wodanis NVI 06/09/139 — Ft
5426 and M. viscosa NVI 06/09/139 — Ft 5427 in a vaccination experiment with Atlantic
salmon smolt at 8°C (low temperature). Mortality is given as proportion on the Y-axis while
days are given on the X-axis. The curve marked “Mv vaccine” represents a group of
salmon that were vaccinated with M. viscosa bacteria that were cuitivated as a single
culture. The curve marked “Mv/Aw vaccine” represents a group of salmon that were

vaccinated with bacteria from a co-culture of M. viscosa and A. wodanis.

Figure 4

Mortality curves from bath challenge with a co-culture of A. wodanis NVI 06/09/139- Ft
5426 and M. viscosa NVI 06/09/139- Ft 5427, in a vaccination experiment with Atlantic
salmon smolt at 9-10°C (high temperature) (Example 3). Mortality is given as fraction on
the Y-axis while dates {month-day) are given on the X-axis. The curve marked "Mv”
represents a group of salmon that were vaccinated with M. viscosa bacteria that were
cultivated as a single culture. The curve marked "Mv/Aw" represents a group of salmon
that were vaccinated with bacteria from a co-culture of M. viscosa and A, wodanis while
the curve marked "Vw" represents a group of salmen that were vaccinated with A.

wodanis bacteria that were cultivated as single culture.
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Figure 5

Seawater temperature during the vaccination experiment in Figure 4 Example 3, degrees

Celsius on the Y-axis and days on the X-axis
Figure 6

Seawater temperature (Example 5) in the tanks of the experiment with intraperitoneal
challenge with A. wodanis and M. viscosa at high temperature (Tank 3, 10°C) and low
(Tank 7, 8°C). Y-axis degrees Celsius, X-axis dates. “Kar’ {Norwegian) means Tank.

Figure 7

Seawater temperature in the tanks of the experiments in Example 3, 4 and 5 that were run
in parallel. Y-axis degrees Celsius, X-axis dates. “Kar’ {Norwegian) means Tank.

Figure 8

Salinity in per mille (Y-axis) in the marine tank water of the experiments in Example 3, 4
and 5 after mixing in freshwater at 8°C to regulate the temperature, X-axis indicate dates.

Figure 9 a

Western blot membranes with antigens from M. viscosa NVI 06/09/139, Ft 5427, and A.
(V.) wodanis NVI 06/09/139, Ft 5426, cuttured as single cultures at 8°C and in 2.5 % NaCl
and applied in three repeated lanes for each strain and transferred identically to both
membranes. The upper membrane was blotted with rabbit antibody (X} against a co-
culture of M. viscosa NVI 06/09/139, Ft 5427, and A. (V.) wodanis NVI 06/09/138, Ft 5426
in 0.9 % NaCl at 8°C. The lower membrane was blotted with rabbit antibody (Y) against
separately grown cultures of M. viscosa NVi 06/09/139 and A. (V.) wodanis NVI| 06/09/139
in 0.9 % NaCl at 8°C that were mixed after growth just before the rabbit was immunized.

Figure 9 b

Western blot membranes with antigens from M. viscosa NVI 06/09/139 and A. (V.)
wodanis NVI 06/09/139 cultured as single cultures at 8°C and in 0.9 % NaCl and applied
in three repeated lanes for each strain and transferred identically to both membranes. The
upper membrane was blotted with rabbit antibody (X) against a co-culture of M. viscosa
NVI 06/09/139 and A. (V.) wodanis NV! 06/09/139 in 0.9 % NaCl at 8°C. The lower
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membrane was blotted with rabbit antibody (Y) against separately grown cultures of M.
viscosa NVI 06/09/139 and A. (V.) wodanis NVI 06/09/139 in 0.9 % NaCl at 8°C that were

mixed after growth just before the rabbit was immunized.
Figure 9 ¢

Western blot membranes with antigens from M. viscosa NVI 06/09/139 and A. (V.)
wodanis NV1 06/09/139 cultured as single cultures at 12°C and in 2.5 % NaCl and applied
in three repeated lanes for each strain and transferred identically to both membranes. The
upper membrane was blotted with rabbit antibody (X) against a co-culture of M. viscosa
NVI 06/09/139 and A. (V.) wodanis NVI 06/09/139 in 0.9 % NaCl at 8°C. The lower
membrane was blotted with rabbit antibody (Y) against separately grown cultures of M.
viscosa NVI 06/09/139 and A. (V.) wodanis NVI 06/09/139 in 0.9 % NaCl at 8°C that were

mixed after growth just before the rabbit was immunized.

Figure 9 d

Western blot membranes with antigens from M. viscosa NVI 06/09/139 and A. {V.)
wodanis NVI 06/09/139 cultured as single cultures at 12°C and in 0.9 % NaCl and applied
in three repeated lanes for each strain and transferred identically to both membranes. The
upper membrane was blotted with rabbit antibody (X) against a co-culture of M. viscosa
NVI 06/09/139 and A. (V.} wodanis NV} 06/09/139 in 0.9 % NaCl at 8°C. The lower
membrane was blotted with rabbit antibody (Y) against separately grown cultures of M.
viscosa NV 06/09/139 and A. (V.) wodanis NVI 06/09/139 in 0.9 % NaCl at 8°C that were
mixed after growth just before the rabbit was immunized.

Figure 10

Cumulative mortality in vaccination trial where Atlantic saimon (average 150 gram) were
bath challenged 5 months and 1 week (21. December 2012} afier intraperitoneal
vaccination. There was minimal mortality in the experimental tank the weeks before
challenge. The water supplied was natural undesinfected sea water taken from a depth of
60 meter in the Oslofjord representing a sub-branch of the Guif current. The water had a
temperature of approximately 7.5°C from before the time of bath challenge to 16. January
when the iniake water was heated with electricity to obtain 2 degrees Ceisius increase.
From 16. January the sea water temperature was approximately 9.5°C untill mid-

February.
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Group 1, (n=28 at challenge) was vaccinated with PBS buffer and was negative control,

13 died within 39 days from bath challenge.

Group 2, (n=38 at challenge) was vaccinated with M. viscosa cultivated at 8°C at both 2.5
and 0.9 % NaCl, i.e. one culture comprising M. viscosa cultivated at 8°C at 2.5% NaCl
and one culture comprising M. viscosa cultivated at 8°C at 2.5% were mixed together and

used for the vaccination. 11 died within 39 days from challenge.

Group 3, (n=34 at challenge) was vaccinated with A. wodanis cultivated at 10°C at both
2.5 and 0.9% NaCl, i.e. one culture comprising A. wodanis cultivated at 10°C at 2.5 NaCl
and one culture comprising A. wodanis cultivated at 10°C at 0.9 % NaCl were mixed
together and used for the vaccination. 26 died within 39 days from challenge.

Group 4, (n=39 at challenge) was vaccinated with A. wodanis and M. viscosa cultivated in
same culture flask from inoculation at both 8 and 10°C at both 2.5 and 0.8 % NaCl, four
different cultures, i.e. one mixed culture of A. wodanis and M. viscosa cultivated at 8°C
and 0.9 % NaCl, one mixed culture of A. wodanis and M. viscosa cultivated at 8°C and 2.5
% NaCl, one mixed culture of A. wodanis and M. viscosa cultivated at 10°C and 0.9 %
NaCl and one mixed culture of A. wodanis and M. viscosa cultivated at 10°C and 2.5 %
NaCl were mixed together and used for the vaccination. 13 dies within 39 days from

challenge.

Group 5, (n=31 at challenge) was vaccinated with M. viscosa cultivated at 8°C at both 2.5
and 0.9 % NaCl (as in Group 2), with A. wodanis cultivated at 10°C at both 2.5 and 0.9%
NaCt {as in Group 3), and with A. wodanis and M. viscosa (as in Group 4} cultivated in
same culture flask from inoculation at both 8 and 10°C at both 2.5 and 0.9 % NaCl, eight

different cultures, 5 died within 39 days from challenge.
Figure 11

Unvaccinated Atlantic salmon contracting "Winter ulcer” {Lunder et al. 1995). Arrows
indicate periods of the year when the various diseases occur. Antigens (cultivated at both
2.5 and 0.9% NaCl) useful in vaccine to protect farmed salmonids at various parts of the
year are written accordingly inside arrows Thickness of arrow indicates relative frequency
of diseased fish with that diagnosis. Wodanosis caused by A. wodanis (Aw) causing acute
disease is shown with the upper light grey arrow. Wodanosis and Winter ulcer combined

in salmaon co-infected with both A. wodanis and M. viscosa (Mv} is a chronic disease and
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is shown by the middle light grey arrow. Winter ulcer caused by M. viscosa generating a
peracute disease is shown by a dark grey arrow. Typical annual temperature fluctuation in
sea water at Atlantic salmon farms is indicated by a grey line with temperature shown on

the y-axis and months at x-axis.
Figure 12

lilustration of Atlantic salmon vaccinated with commercial vaccines with M. viscosa
cultivated at high salt and low temperature contracting "Winter ulcer’. Arrows indicate
periods of the year when the various diseases occur. Thickness of arrow indicates relative
frequency of diseased fish with that diagnosis. Wodanosis caused by A. wodanis causing
acute disease is shown with the upper light grey arrow. Wodanosis and Winter ulcer
combined in salmon co-infected with both A. wodanis and M. viscosa is a chronic disease
and is shown by the middle light grey arrow. Winter uicer caused by M. viscosa
generating a peracute disease is shown by a dark grey arrow. Typical annual temperature
fluctuation in sea water at Atlantic salmon farms is indicated by a grey line with

temperature shown on the y-axis and months at x-axis.
Figure 13

lliustration of Atlantic salmon vaccinated with commercial vaccines with M. viscosa
cultivated at high salt and low temperature diseased and living with what is currentty
defined as "Winter ulcer” at different time during the year. Arrows indicate periods of the
year when the various diseases occur. Thickness of arrow indicates relative frequency of
diseased fish with that diagnosis. Wodanosis caused by A. wodanis causing acute
disease is shown with the upper light grey arrow. Wodanosis and Winter ulcer combined
in salmon co-infected with both A. wodanis and M. viscosa is a chronic disease and is
shown by the middle light grey arrow. Winter ulcer caused by M. viscosa generating a
peracute disease is shown by a dark grey arrow. Typical annual temperature fluctuation in
sea water at Atlantic salmon farms is indicated by a grey line with temperature shown on

the y-axis and months at x-axis.

DEFINITIONS

Aliivibrio wodanis (A. wodanis) (Urbanczyk et al. 2007), formerly called Vibrio wodanis (V.
wodanis), which names may be used interchangeably herein, is a bacterium which was

described in parallef with Moritella viscosa (M. viscosa) (Benedikisdottir et al. 2000)
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(formerly called Vibrio viscosus (V. viscosus) (Lunder et al. 2000) for the first time by
Lunder (1992), Lunder et al. (1995) and Lunder ef af. (2000) and later by Benediktsdottir
et al. (2000). i is to be noted that any of the compositions as presented herein can be
prepared from any isolate/strain of A. wodanis and/or M. viscosa, as it may be desirable
depending on which geographicai area the vaccine composition is intended for. Stifl,
strong cross protection between strains is an expected measure. Accordingly, the
vaccinating effect does not solely rely upon the specific strain used. The type strains of M.
viscosa ((NVI 88/478T (= NCIMB 13584 ")) and A. wodanis ((NV! 88/4417 (=NCIMB
13582")) are public and available at the National Collection of Industrial and Marine
Bacteria, Aberdeen, Scotland and were deposited May 3, 1999 by Henning Sarum,
Norwegian School of Veterinary Science/Norwegian College of Veterinary Medicine, Post
Box 8146 Dep, 0033 Oslo Norway. They may be commercially obtained therefrom. These
type strains are also available from ATCC (American Type Culture Collection, 10801
University Boulevard, P.O. Box 1548, Manassas, VA 20110 USA)); BAA-105 (Moritella
viscosa, NVI 88/478"} and BAA-104 (Aliivibrio wodanis, NVI 88/441") and from CRBIP
(Cenire de Ressources Biologigues de Finstitut Pasteur, Institut Pasteur Service des
Archives, 28 rue du Dr Roux, 75724 Paris cedex 15, France) CIP109754 T Moritella
viscosa, NVI 88/478", deposited 2007 by Henning Sgrum and CIP108769 T Aliivibrio
wodanis, NV! 88/4417 deposited 2005 by Henning Sarum.

In addition the reference strains of M. viscosa (NVi 06/09/139 ~ It 5427 (NCIMB
accession number 42122)) and A. wodanis (NVI 06/09/139 — Ft 5426 (=NCIMB accession
number 42121)) have been deposited according to the Budapest Treaty at the National
Collection of Industrial and Marine Bacteria (NCIMB Ltd., Ferguson Building, Craibstone
Estate, Bucksburn, Aberdeen, AB21 9YA, Scotland) by the depositor Norwegian School of
Veterinary Science, Post Box 8146 Dep, 0033 Oslo Norway on March 7, 2013 These
strains are also publically available from the Norwegian School of Veterinary Science and
further described in the publications Karlsen et al 2012, Bjgrnsdottir et al 2012.

Further strains of M. viscosa and A. wodanis have been described, such as by Ast et al.
(Syst Appl Microbiol, 2008 Sep; 32(6):379-86), Lunder et al. (Int. J. Syst. Evol. Microbiol.
50: 427 — 450), Benediktsdottir et al. (Int J Syst Evol Microbiol, 2000, 50:; 479 - 88) and
Whitman et al. (Aquacut. Assoc. Canada Spec. Publ. 2000, No. 4, 115 - 117).

The type strains, reference strains and the other strains referred to herein are isolated

from its source and are biologically pure.
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The strains mentioned herein were prospected in Norway.

‘Wodanosis” (Norwegian: odinose) is a disease characterized by a pathogenesis
dominated by septicemia similar to cold water vibriosis caused by Aliivibrio salmonicida
(formerly Vibrio salmonicida), a close relative to A. wodanis. In addition to a minor extent
ulcers mostly in the form of depressions caused by necrosis in the skin at the base of the
back fin and tail fins leading to loss of the fin and necrosis of the area around the fin base,
a form of the disease described “fin rot’. Wodanosis as a separate disease is mainly seen
in fish at temperatures of sea-water from about 9 to 10 degrees Celsius and above, but
may alsc occur in sea water at temperatures down to less than about 6°C, which is further
explained herein. The reason for this epidemioclogical scenario is probably because at sea
water temperatures below 8-9°C diseased farmed Atlantic salmon with symptoms of
‘winter ulcer” in a population vaccinated against M. viscosa will most commonly have a
chronic co-infection between M. viscosa and A. wodanis where A. wodanis downregulates
the virulence in M. viscosa and the antigenic outlook of both bacteria changes (Example
B8). Sole wodanosis caused by A. wodanis will most often occur in water containing merely
A. wodanis without M. viscosa where A. wodanis causes acute disease and relatively high
mortality at this temperature as in Example 7 and also as illustrated in Figure 11, 12 and
13, i.e. at higher temperatures. The internal pathological changes caused by the
septicemia of fish with wodanosis are mainly bleedings in the liver, perifoneal fat tissues
and ascites. The main symptoms of wodanosis have been observed but not recognized
as separate from symptoms from winter ulcer by Jensen (2003). Wodanosis may also
occur as a separate disease without nearly any relation with M. viscosa in sea-water with
low concentration of M. viscosa but with relatively high concentration of A. wodanis
occurring at higher sea temperatures. The density of M. viscosa and A. wodanis in the
marine water varies apparently independent of each other at various depths dependent of
currents and other unknown factors. In such cases the mortality caused by wodanosis
may be high even at temperatures down to 6 degrees Celsius or even lower. Salmon die
from septicemia but uicers of the skin, mandibula, head and eye and fin rot in one or more
of all fins of all fins may also be common. Eroded sharp fin spines are probably an
important mechanical cause of self-made wounds and wounds made in other fish that are
used by A. wodanis in establishing wodanosis. When M. viscosa is infecting salmon in
cooperation with A, wodanis, M. viscosa is dominating the disease when the temperatures
are below 9 degrees Celsius. However A. wodanis is controlling the virulence of M.

viscosa making the infection more prolonged and not as aggressive as if M. viscosa is
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infecting alone. However, above 9 degrees Celsius M. viscosa is not particularly active in
creating infection. This means that the temperature span for wodanosis may be wider
than for winter ulcer at the warmer side. Uicers made from a co-infection of M. viscosa
and A. wodanis are not commonly possible to separate macroscopically from ulcers

occurring in wodanosis or winter ulcer caused by A. wodanis and M. viscosa, respectively.

“Winter ulcer” is a disease which is characterized by skin ulcers that develop from skin
swellings into open ulcers and later info larger ulcerated skin areas where the underlying
muscle tissue is exposed and often destroyed by necrosis. Winter ulcer is mainly
occurring at sea water temperatures from < 6 to 8°C wherein M. viscosa is most clinically
active and is aggressively attacking the skin of the fish directly creating small ulcers and in
addition infecting the fish septicemically mainly through the gill epithelium (Lunder et al.
1995, Lavoll et al. 2008, Karlsen et al. 2012).

“Salmonidae” is a family of ray-finned fish, which is the only living family currently placed
in the order Saimoniformes. These are also referred to herein as saimonids. Salmonidae
includes salmon, trout, chars, freshwater whitefishes and graylings. An example of a fish
suitable for being vaccinated with a composition as defined herein is a fish originating
from the family Salmonidae, but said composition may also be suitable for vaccinating
other fish than salmonids, such as Atlantic cod, turbot and cleaner fish, including five
species of wrasse (Labridae), used on fish farms in Norway and to a lesser extent in
Scotland, Shetland and reland to reduce the infestation of sea lice on the skin of Atlantic

salmon.

A composition comprising “inactivated bacteria” as disclosed herein refers in the present
context to a composition comprising bacteria, a component thereof, and/or one or more
antigenic part(s) thereof, also including extracellular products such as toxins or enzymes
produced thereby, which due to one or more modifications have lost their virulence, but
which still induces an immune response in a recipient, e.g a fish, which is sufficient to
provide an immunizing effect. A component or an antigenic part of a bacterium, such as a
surface protein or a part thereof, is a component or part of a bacterium which is sufficient
to by itself induce an immune response. A composition comprising inactivated bacteria
may e.g. be killed or naturally dead bacterial cells, attenuated cells (e.g. attenuated by
directed or non-directed mutation), or a component comprising one or more antigenic
part(s) thereof. Inactivation of bacteria can be performed by using chemicals, such as

formalin, or by using heat, radiation, or antibiotics, but is not limited thereto. A composition
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comprising inactivated bacteria may in the present context be formulated as a liquid or as

a dry powder, according to procedures known in the art.

A “single cuiture” of bacteria of either A. wodanis or M. viscosa refers to a culture that
contains one species of bacteria, e.g. the colonies or the suspended cells formed during
the cultivation process will contain either single homogenic cells of A. wodanis or M.
viscosa, i.e. either of these. These cultures contain non-modified, original bacteria, i.e.
meaning that their physical external appearance has not been altered by the influence of
other factors present in the culture, such as other bacteria. A number of different single

cuitures of the different species may be mixed together in a vaccine.

On the other hand, a “mixed culture”, also referred to herein as a co-culture, refers to a
cuiture comprising at least two different species of bacteria, such as in the present
context, a culture comprising bacteria of the species A. wodanis and M. viscosa. In such a
mixed culture, the cells are cultured in a way that creates physical cell-cell contact
between the cells of at least two species, e.g. A. wodanis and M. viscosa. It may also
refer to a culture where one or more components extracted from M. viscosa or A.
wodanis, or produced by recombinant gene technology from gene(s) of M. viscosa or A.
wodanis cells, when added to a single culture of A. wodanis or M. viscosa, create the
same impact on the A. wodanis cells or the M. viscosa cells as a mixed culture between
the two species. A number of different cultures grown together or grown under impact
from components of other cultures may be mixed together in a vaccine and/or a number

of different strains.

Accordingly, a “mixed culture”, also referred to herein as a co-culture, may also referto a
single culture of M. viscosa to which extracellular products from another mixed culture of
A. wodanis and M. viscosa have been added, thereby providing an external influence on
the single culture of M. viscosa which changes the physical appearance of the cell
membrane bound structures or other antigens of M. viscosa. A "mixed culture” may be
started off with a few cells of each species of A. wodanis and M. viscosa and then growth
in the culture then occurs in a way ensuring that most cells of each species has been in
physical contact with cells of the other bacterial species during propagation/growth of the

culture.

A number of different single cultures of the different species may be mixed togetherin a

vaccine and/or a number of different strains of the same bacterial species.



10

i5

20

25

30

CA 02873305 2014-11-12

WO 2013/171236 PCT/EP2013/059972

15

A “culture” includes alf forms of culture, both in broth, on agar and in any other media like
eukaryotic cell cultures, eukaryotic/animalffish tissue within research animals or any other
physical measure. The temperature and the salt concentration (e.g. NaCl} conditions for

each culture can be determined separately, and depending on the circumstances and the

materials used.

In the present context, examples of temperatures when said bacteria are cultured, but to
which the invention is not limited, is referred to as “low" at about 7-8°C and referred to as
“high” at about 10-12°C, such as about 7, 8, 9, 10, 11 or 12°C. Temperature conditions

may be selected as further described herein. “Low” may also refer to temperatures below

7°C and "high” temperature may also refer to temperatures above 12°C.

The culture temperature is referring to the temperature used throughout. The cultures may
be made in a temperature interval from +2°C to 16°C however a suitable temperature
interval for growing cultures for producing antigens for the low temperature range is from
7 to 8°C and for the high temperature interval 10 to 12°C.

The important switch in the bacterial antigenic outlook in both A. wodanis and M. viscosa
occurs at about 9°C in the sea water or laboratory culture. This means that for all the
temperatures below 9 °C that support growth of these bacteria the low temperature
outlook will occur on the bacterial cells of both species included herein. The same is
relevant for growth at temperatures above 9°C. A. wodanis may grow from +25°C to less
than +4 °C and M. viscosa will grow from +21°C and down to less than +4 °C. Cultivation
at temperature intervals of 7 to 8 °C and 10 to 12 °C for gaining the cold and warm
antigenic outlook of the bacterial cells, respectively was selected as convenient and still
functional in the included examples. Similarily salt concentrations other than +0.9°C and
+2.5°C may be used to gain the high and low NaCl effect on the antigenic outlook of the

bacteria. The switch is close to 1% NaCl.

A salt used herein may be a sodium sait, such as NaCl, or any other mineral mixture
including marine salt. In the present context, examples of salt conditions are referred to as
“low” when said concentration of salt is about 0.9 % salt (which is similar to the salt
concentration inside the fish body), and “high” when said concentration of salt is about 2
to 4% salt, such as about 2, 2.5, 3, 3.5 or 4% of salt (similar to the salt concentration in
the marine water, a marine salt mixture may also be used), such as NaCl, and as further

defined herein.
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The concentration of salt is referring to the concentration of salt in the culture broth used

from the start of the experiment.

When the term “about” is used herein, this refers to a deviation of the concentration,
temperature or the like of about £ 10%.

As an example, cultures of A. wodanis and M. viscosa may be made from the head kidney
of diseased or dead fish or directly from ulcers or necrotic tissue from any place on or in
the fish onto blood agar plates (Blood agar base 2, Difco) with about 5 % cattle or sheep
blood and 2.5 and 0.9 % NaCl by a metal or plastic loop. The cultures are then plated
secondary or blood agar plates with 2.5 % NaCl and frozen in Luria broth with 2.5 % NaCl
and 10 % glycerol in 1 mi plastic ampulles at -80°C. The frozen cultures may be
restreaken at blood agar plates with 2.5% salt, such as NaCl, whenever needed. All plates
may be cultivated at various temperatures from 8 to 12, such as at about 8, 9, 10, 11, or
12 degrees Celsius depending on the sea water temperature where the fish where
sampled. Further suitable temperature intervals for culture of said bacteria are disclosed

herein.

In the context of the present disclosure, it is further encompassed a composition
comprising inactivated bacteria, wherein the bacteria of one or more single culture(s)
and/or one or more mixed culture(s) have been cultivated at different temperature and salt
conditions as mentioned herein, in response thereto generating a plethora of different
antigenic compositions of the bacteria, which is suitable in the context of vaccines. Such
inactivated bacteria originating from several single or mixed cultures may form a vaccine

composition as disclosed herein.

An “adjuvant” is a pharmacological or immunological agent that modifies the effect of
other agents, such as a drug or vaccine. An adjuvant may be included in a composition as
defined herein to enhance the recipient's immune response to a supplied vaccine, while
keeping the injected foreign material to a minimum. Examples of adjuvants are oil

emulsions, such as Freunds Incomplete, and aluminium salts.

A “vaccine” as referred to herein, may refer to both a prophylactic and/or a therapeutic
vaccine, A “vaccine’, which is a term well-known in the art, is a biclogical preparation that
improves immunity to a particular disease. Usuaily, a vaccine contains an agent that
resembles a disease-causing microorganism, and is often made from weakened or killed

forms of the microbe, its toxins or one or more of its surface proteins. The agent
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stimulates the body's immune system te recognize the agent as foreign, destroy it, and
“remember" it, so that the immune system can more easily recognize and destroy any of

these microorganisms that it [ater encounters.

A “pharmaceutically acceptable excipient” as referred to herein, refers to an optional
component of the vaccine for instance one or more emulgators, which may facilitate the
handling, storage and/or administration thereof, such as presenting the vaccine in a
suitable form, e.g. as a gel or liquid, for administration. One example of an excipient used
herein is standard PBS (Phosphate-buffered saline), but the invention is not limited

thereto.

DETAILED DESCRIPTION

Hereby in this document for the first time ever in farmed fish such as salmonids, in
particular Atlantic salmon (Salmo salar L.) and rainbow trout {Oncorhynchus mykiss L),
but also Atlantic cod (Gadus morhua L) from North Atlantic coastal fish farms, a novel
disease called wodanosis, is defined. The disease is characterized by septicemic infection
resulting in ascites and often a mottled liver and swollen spleen and in prolonged cases
fin rot typically on the bases of the tail fin and back fin. Typical outbreaks are occurring in
the fish farms but more commonly a low level of mortality caused by wodanosis is
occurring year round in most farms with Atlantic salmon. Highest mortalities in the farms
caused by wodanosis is occurring in the spring, summer and autumn but also in winter

months mortality is evident.

Hence, as shown herein, the present inventor has for the first time been able to illustrate
the importance of the bacterium Aliivibrio wodanis in the herein identified pathogenic
condition wodanosis, which is further described herein, as well as its role in winter ulcer.
As previously mentioned, the bacterium Aliivibrio wodanis, described in parallel with
Moritelfa viscosa for the first time by Lunder (1992), Lunder et al. (1995) and Lunder et al.
(2000) and later by Benediktsdéttir et al. {(2000) was not until this date given any
pathogenic relevance. However, herein it is provided the surprising finding that the
bacterium Aliivibrio wodanis plays a significant role in the pathogenesis both of the
established disease winter uicer, in wodanosis as well as in a co-infection with the two
bacteria causing wodanosis and winter ulcer also resulting in a chronic disease with
extensive skin ulcers often with a prolonged disease development ending in septicemia
and death later or sometimes fish may survive the co-infection because of the slower
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pathogenesis. This finding will contribute to the vaccine development for all these

diseases, which is further shown herein and supported by vaccine experiments.

Strains of A. wodanis and M. viscosa used in the studies and experiments related to this
disclosure are deposited at the Norwegian School of Veterinary Science and at the
National Veterinary Institute, Oslo, Norway in addition to the type strain deposition at the
NCIMB. It has been documented some strain variation among M. viscosa in a few studies
lately (Grove et al. 2010) demonstrating variance related to both geography and fish host
species. The strains disclosed in the present document are all publically available from
the institute in addition to the type strains which may be obtained from ATCC, from CRBIP
or from NCIMB, which is further referred to herein. Strains of use in the present disclosure
have also been published, such as by Benedikisdottir et al (International Journal of
Systematic and Evolutionary Microbiology, 2000). Further, the present disclosure is not
limited to any particular strain of Aliivibrio wodanis or Moritella viscosa, but it is instead
particularly useful to use any local isolated strain involved in an outbreak of wodanosis

and/or winter ulcer..

Now, Aliivibrio wodanis has been shown to possess a virulent role in the acute stages of
wodanosis, as well as in the chronic stages (co-infection resulting in chronic “winter ulcer”)

of winter ulcer and wodanosis due to its interaction with the bacterium Moritella viscosa.

At temperatures from < 6 to 8°C it has been shown that M. viscosa is most clinically active
and is aggressively attacking the skin of the fish directly creating small ulcers and in
addition infecting the fish septicemically mainly through the gill epithelium (Lavoll et al.
2009, Karlsen et al. 2012). M. viscosa is not inhibited and phagocytized by the important
scavenger system as part of the innate immune system of the skin constituted by the
phagocytizing keratocytes (Malphigian cells). A. wodanis and other bacteria including
most particulate material contaminating the skin surface is removed by the actively motile

keratocytes that also normally starts healing wounds of the skin.

However, A. wodanis is early infecting the smali ulcers created by M. viscosa and
establish a co-infection together with M. viscosa. By physical contact between the two
species of bacterial cells A. wodanis is modulating and reducing the virulence of M.
viscosa, including down-regulation and inhibition of production of hemolysins and other

toxins produced by M. viscosa. Even the cell-growth of M. viscosa is inhibited by A.
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wodanis at an early stage in the co-infection. A. wodanis is also down-regulating its own

virulence in co-infection with M. viscosa in chronic “winter ulcer”.

This inhibitory activity caused by A. wodanis is most prominent at salt concentrations
around 0.9 % and almost not visible at around 2.5 to 3 % NaCt concentration. in the
ulcers there seems to be a biofilm-like mucoid layer covering the ulcer surface. This
biofilm-like layer is mostly dominated by a Tenacibaculum sp. bacterium that is difficult to
cultivate (O’Halloran et al. 1991, Olsen et al. 2011) and that has been linked to ulcer
pathogenesis only in Atlantic salmon with scarified skin. This biofiim-like layer is probably
important in protecting the ulcerated fish from loss of body liquid caused by the osmotic
power and death because of physiological “drought”. Under this seal of a biofilm created
by mostly Tenacibaculum sp. M. viscosa and A. wodanis is continuing its "slave-and-
master” activity at a physioclogical salt concentration which enables A. wodanis to inhibit
the virulence of M. viscosa in a way that prolongs the infection for weeks and months and
that creates larger and larger ulcers extending to a high percentage of the skin surface. In
challenge situations without A. wodanis involved M. viscosa is often aggressively kifling

the fish within a few days before the ulcer reach the extended size.

M. viscosa can ailso alone cause septicemic infections by using the gills as admission
portal and is found in internal organs as a result (Karlsen et al 2012). In the field situation
A. wodanis is in most cases co-infecting the fish septicemically together with M. viscosa
and is down-regulating the virulence of M. viscosa and itself as in the ulcers, prolonging
the life of infected individuals substantially.

At temperatures in sea-water from 9 to 10 degrees Celsius and higher A. wodanis is
getting more aggressive as a pathogen in addition to performing the inhibitory controf of
the virulence factors in M. viscosa even more strictly while in parallel M. viscosa looses its
virulence also as single species infectant at those warmer temperatures. At temperatures
from 9°C and up M. viscosa is not active in creating ulcers in the skin when A. wodanis is
co-infecting. At these higher temperatures skin ulcers are relatively rarely observed and

the winter ulcer disease is known to occur below 8°C only.

However, ulcers are occurring at a relatively low frequency at these higher temperatures
as part of the wodanosis disease caused by A. wodanis mostly in the form of depressions
caused by necrosis in the skin at the base of the back fin and tail fins leading to loss of the

fin and necrosis of the area around the fin base, also described as “fin rot”.
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In wodanosis the main pathological changes are created as a result of the septicemia
caused by A. wodanis. However, still to some extent at these higher temperatures when
A. wodanis is dominating the pathogenesis it is is common to find M. viscosa together with
A. wodanis in the head kidney and other internal organs of the infected fish. However, at
these higher temperatures it seems that M. viscosa is not causing disease and is clearly
inhibited by A. wodanis at physiological salt concentrations but not clearly at marine salt
concentrations. The role of M. viscosa at higher water temperatures is important as a
factor that makes A. wodanis to down-regulate its own virulence. Between the high and
low end of the temperature range for wodanosis and winter ulcer, respectively, the two
bacteria gradually switch the “working” roles in the “master-and-slave relation” resulting

also in a switch between the clinical diseases wodanosis and winter ulcer, respectively.

During this switch between winter ulcer and wodanosis A. wodanis is all the time in control
of the virulence of M. viscosa as the “master”. Both bacteria are found in a balanced
concentration often between 40 and 60 % of the cells for each of them in the infected
ulcers or internal organs in the whole temperature range. in the laboratory the
temperature range for growth for both A. wodanis and M. viscosa is between 4 and 25°C,
however A. wodanis is known to grow faster at temperatures around 12°C than M. viscosa

that grow relatively better at a lower temperature level (Lunder et al. 2000).

All together A. wodanis can control the winter ulcer development at all relevant
temperatures but at low temperatures it needs to be ahead in time of M. viscosa to be
able to down-regulate the virulence of M. viscosa. In addition the relative concentration
levels between the two pathogens decide how strong the down-regulation of the

pathogenesis of both M. viscosa and A. wodanis will be,

In the field both A. wodanis and M. viscosa is apparently ubiquitous in the sea-water but
possibly at various concentration levels in the water column where the net pens with fish
are located. This explains that both bacteria are found together in the major part of the

outbreaks of winter ulcer (Lunder et al. 1995).

Accordingly, it is shown herein that various levels of winter ulcer and wodanosis in the fish
farms are a result of both temperature and concentrations of A, wodanis and M. viscosa in
the sea. Common to field outbreaks of both winter ulcer and wodanosis is the dominating
tendency to chronic development of both diseases with a relatively low level of mortality
that continues for weeks and months instead of occurring as dramatic outbreaks, a
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scenario that has been reproduced in the infection studies. At higher water temperatures

in the spring the ulcers heal off leaving scar tissue.

The unique effects of the physical contact between bacterial cells of A. wodanis and M.
viscosa result in a change of the outlook of both bacterial cells. Western blot studies
herein demonstrate a dramatic difference in the proteins produced by A. wodanis and to
almost the same extent for M. viscosa when the bacteria are grown in single cultures

compared to a mixed culture of the two bacteria.

Physical contact between cells of the two bacteria in addition regulate down the
production of virulence factors in both bacteria. The temperature is a key switch between
the two diseases, winter ulcer and wodanosis even in the same fish individual during the
chronic stages that may extend across seasons with changes in sea water temperature.
At low temperature winter ulcer is allowed to develop often at a low speed and at higher
temperature wodanosis is developing normally producing low or moderate mortality, This
regulation of both the antigen outlook of the bacteria and the production of virulence
factors is a direct result of direct cell-to-cell contact between the two pathogens a
phenomenon weli documented in bic-assays in the laboratory including eukaryotic cell

cuitures.

Accordingly, the celi-to-cell surface interactions between these two bacteria have herein
been shown to cause a change of structural characteristics on the cell surface, in addition
to a modified production pancrama of various extracellular toxins decreasing the acute
virulence of the bacteria, but instead facilitating prolonged disease by keeping the fish

infected but alive.

Most outbreaks of winter ulcer are modulated to a chronic disease by the impact of
Alliivibrio wodanis through cell-to-cell contact with Moritelfa viscosa. This down-regulation
of virulence by Alliivibrio wodanis in Moritella viscosa is occurring by direct bacterial cell
contact in the skin ulcers but also as direct contact in the internal organs of the fish during
septicemia. The result is that instead of a relatively high mortality caused by Moritella
viscosa as demonstrated under experimental conditions, the winter ulcer disease caused
by Moritelfa viscosa is appearing as a chronic disease with extensive development of skin
ulcers in a relatively high number of fish but with a relatively low mortality. The outbreaks

of winter ulcer are prolonged with low mortality until the temperature is rising in the spring.
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Due to this fact, it is important that a vaccine against winter ulcer is effective against all

stages of disease, not only preventing the initial acute phase.

With higher temperatures in spring and summer Moritella viscosa is not able to cause
ulcers. However, Affiivibrio wodanis is continuously causing wodanosis mostly with a low
mortality also in the spring, summer and autumn at higher temperatures. However,
wodanosis is not always characterized by ulcers as in the disease winter ulcer in the
winter period. Siill, in view thereof, it is not enough to vaccinate against winter ulcer to

avoid severe disease affecting the fish.

As shown herein wodanosis may also occur as outbreaks where A. wodanis is the only or
dominating pathogen. Various predisposing factors may facilitate such outbreaks of
wodanosis of which a common factor is fin rot occurring the first weeks after sea launch of
the Atlantic salmon smolts. This fin rot is very often occurring as a melting down of the
skin and underlying connective tissue starting from the fin tip and rapidly developing
towards the fin base leaving the fin spine naked in the sea water. The tail fin and pectoral
fins are most commonly affected by this type of fin rot but the pelvic fins, the anal fin and
the back fin may also be affected. The great motility of the pectoral fins results in self-
created skin damage when the tip of the rotten fins with the eroded spines is touching the
scales and skin behind the fin base. At first the scales are physically removed by the
sharp bony spines but at some point A. wodanis seems to infect the wounded skin and
create a typical ulcer that relatively often ends with perforaticn into the abdomen with
partly evisceration as a result in some cases. In addition to hurting themselves with the
eroded sharp spines fish with fin rot may easily create small wounds in the skin of other
fish in particular in a densely populated net pen or in a net pen with stress and
disorganized swimming. As a result in an outbreak of wodanosis in smolts suffering from
fin rot it is common to observe skin ulcers on all parts of the fish body making it difficult to

separate ulcers from the two separate infections winter ulcer and wodanosis.

In addition to ulcers caused by spines of “rotten” fins it is commaon in wodanosis to
observe infection and necrosis of the tip of the mandibula. This “jaw rot” may develop
stowly but can also relatively rapidly develop into complete disappearance of all the soft
tissue of the mandibula making it impossible for the fish to eat with a resulting loss of body
weight. Also the upper jaw may be affected by ulcers that may develop to include larger
parts of the head. However, this is far less common than rot in the mandibula (lower jaw).

It seems that in crowded pens the smolts quite easy get small scratches on the tip of the
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mandibula probably during feeding or collision with net walls and other types of

equipment.

As with other types of infections wodanosis may cause infection in the connective tissue
surrounding one of the eyes. The result is swelling and less room for the eye in the scull.
Often the infection attacks the eye bulb with a final puncture as the resuit.

During both spine initiated ulcers, mandibular infection and eye infection A. wodanis
normally causes a septicemic infection that invariably is occurring when the fish is dying
from wodanosis. The fin rot affections most often have a combined occurrence of
Tenacibaculum sp and A. wodanis, but in some cases the necrotic tissue is dominated by
A. wodanis. In general it seems that A. wodanis need predisposing damage in the skin
before creating typical ulcers indistinguishable from winter ulcers caused by M. viscosa

that seem to cause primary ulcers more actively.

Fin rot is not commonly occurring in Atlantic salmon after some months in the sea and it
seems that wodanosis has an even but fow morbidity during the rest of the production

cycle in the sea.

Even if Aliivibrio wodanis and Moritella viscosa each can cause separate infections the
two bacteria are almost as a rule physically occurring together in fish that have two
separate infections in parallel, both chronically, and with Afivibrio wodanis as the master
down-regulator of the virulence including its own demonstrated in the two separate but still
intimately related infections. Moritella viscosa is a skin ulcer causing bacterium in the cold
winter months which is a feature not dominant in the double-infection in the summer
months. However, in challenge M. viscosa alone is able to cause winter ulcer with typical
skin lesions even at temperatures above 8°C, demonstrated in challenges up to 10-12°C
(Lunder et al. 1995). Most salmon, however, dies before extensive skin uicers develop
when M. viscosa is used as the sole challenging pathogen. In the warmer periods of the
year wodanosis with a low occurrence of skin ulcers is causing mortality. However, year-
round Aliivibrio wodanis and Moritella viscosa are occurring together in the diseased fish
in a double infection mastered by Aliivibrio wodanis. In view thereof, there is a need to

prevent infections by both bacteria to maintain healthy fish populations.

Lunder et al. 1995 cuitivated bacteria from ulcers and kidney from salmon with winter
ulcer in eight separate farms with a mortality due to winter ulcer from 0 to 2 % per week.
None of these farms had vaccinated against M. viscosa since the study was performed
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before any commercial vaccine was developed. Salmon with winter ulcer had been
observed in the farms in a period varying from 2 to 5 months before sampling. The farms
were located all along the coast of Norway and the temperature in the water when
sampling varied between 4 and 8 degrees Celsius. This sampling of 169 salmon related to
winter ulcer was at the time considered to be representing typical winter ulcer disease.
However, the results show that M. viscosa was isolated without V. wodanis in 7 % of the
ulcers while A. wodanis was isolated without M. viscosa in 33 % of the ulcers. The two
bacteria were isolated together from 59 % of the ulcers. The figures from the cultivation
from the head kidney were 13, 34 and 28 %, respectively. From salmon without ulcers M.
viscosa were found alone in the kidney in 4 % of the salmon while A. wodanis was found
alone in 9 % of the kidneys from salmon without ulcer. When both bacteria were found
together in the kidney there were always ulcers in the skin. The results from this study
probably represent the real distribution between winter ulcer and wodanosis in farmed
Atlantic salmon even today in an unvaccinated population at temperatures from 4 to 8
degrees Celsius. It means that approximately every third salmon with ulcers is having
wodanosis without connection to M. viscosa while only approximately every ten salmon
with ulcers have winter ulcer caused by M. viscosa without relation to A. wodanis. Finally
about six of ten salmon with ulcers have a co-infection with both M. viscosa and A.
wodanis, meaning they have both real winter ulcer and wodanosis simultaneously in a
very intimate pathogenesis. The reason why only 10 % of the sampled salmon were
shown to present real winter ulcer infection caused by M. viscosa only is possibly because
salmon with pure winter ulcer caused by M. viscosa alone is having a more acute infection
and will die faster than in salmon with a co-infection as is demonstrated in bath infections
with M. viscosa. This indicates that fish with wodanosis at these low temperatures have
an intermediate mortality between winter uicer and a co-infection of both pathogens that is
having a chronic development in most cases. This hypothesis is supported by the fact that
only half the salmon with infection with M. viscosa alone had developed ulcers while all
salmon with wodanosis had developed ulcers. In contrast to this fact two thirds of the fish
with ulcers had a co-infection with both pathogens in the ulcers but only half of these
salmon had developed septicemia with both the pathogens established in the head
kidney. This supports the results demonstrating that the co-infection of winter ulcer and
wodanosis slows down the development of the pathogenesis drastically making the
outbreaks less acute and more prolonged leaving many diseased salmon to survive when

the water temperature rises and additionally reduces the virulence of M. viscosa.
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Lunder et al. 1995 made a nice study with clearly representative resuits from
unvaccinated farm populations which is verified by the observations made and the fish
experiments performed to support this application. However, the authors erroneously
concluded that A. wodanis had no active role in the pathogenesis of the ulcer disease
studied and originally called winter ulcer clinically at the time. The reason for this
conclusion was mainly that the authors were not able to reproduce infection by
chailenging Atlantic salmon with A. wodanis. Because of this the commercial vaccine
companies included only M. viscosa to protect against “winter ulcer”. This mistake has
resulted in only approximately 60 % protection against ulcers in farmed Atlantic salmon.
Other scientific authors have also made the same mistake (Greger and Goodrich 1999)
and the vaccine producer Pharmaqg AS while using A. wodanis in a commercial autogenic
vaccine against both winter ulcer and atypical furunculosis on Iceland from 1992 to 1995
(Thorarinsson et al. 2003). The conclusion was that A. wodanis did not contribute to the
protection of salmon against ulcer disease. The reason for this conclusion is most
probably because the vaccine was not properly made technically as shown in this
application. However, it may also be that A. wodanis was not contributing markedly to
increased disease development but rather to a reduced speed in the disease
development when in a co-infection with M. viscosa at sea temperatures between 4 and 8
degrees Celsius. Co-infections with M. viscosa and A. wodanis were occurring regularly
and that apparently was the case on Iceland. A. wodanis is low-virulent below 8 degrees
Celsius when it is in co-infection with M. viscosa, it is merely functioning in reducing the
virulence of M. viscosa in the co-infected salmon at these temperatures. As shown in the
studies presented in this application the inclusion of A. wodanis in the autogenic vaccine
without proper preparation of the vaccine cultures and correct construction of the antigen
mix may have increased the virulence of M. viscosa in co-infected salmon by “strangling”
A. wodanis, the master down-regulator of M. viscosa virulence, by directing increased
immune defence against A. wodanis. In particular this may have been the case in the
period from 1992 to 1993 when only A. wodanis were included in the combination vaccine
with atypical A. salmonicida. However, even after including M. viscosa in the vaccine the
effect of having A. wodanis included in the vaccine may have been in total negligible or

even negative without proper preparation of the vaccine contents.

As a summary it may be stated that the study design of the field sampling in Lunder et al.
1895 was close to optimal and the results are excellent for a correct conclusion but

because Koch's postulates were not fulfilled for A. wodanis in the hands of the authors as
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much as between 10 and 20 % loss of cultured Atlantic salmon in sea in most Atlantic
salmon producing countries caused by wodanosis in almost 20 years is the cost of the
erroneous conclusions. it may be said that even if Koch's postulates should have been
fulfilled by Lunder et al. 1995 the major vaccine company manufacturing fish vaccines at
the time in cooperation with a leading research group on winter uicer were not able to
create an effective vaccine against wodanosis. In fact their experience and conclusions
from the inclusion of A. wodanis in winter ulcer vaccines cemented the mistaken
conclusions drawn from winter ulcer studies at the time. Knowing what is probably the
major parts of the intricate complexity of the intimate interplay between the two major
actors of ulcer disease in salmon and some other fish species ( A. wodanis and M.
viscosay) it is understandable why it took 25 years to unravel the secrecies of the “warrior”

(M. viscosa)- “master” (A. wodanis) — relation of these important fish pathogens.

In summary and in view of the surprising findings discussed in the above, it is now
possible to produce vaccine compositions which are optimized for the treatment and/or
prevention of winter ulcer, wodanosis or a co-infection of both diseases, wherein said
vaccine compositions comprises inactivated bacteria obtained from one or more single
and/or mixed cultures of Aliivibrio wodanis and Moritella viscosa. A vaccine composition
enabling an as complete protection as possible against wodanosis and winter ulcer may
be obtained by preparing a vaccine comprising inactivated bacteria obtained from one or
more single culture(s) of A.wodanis and M. viscosa, as well as one or more mixed
culture(s) of these bacteria wherein the cultures may be prepared by growing the bacteria
at all possible combinations of high and low temperature and salt conditions as disclosed
elsewhere herein. One strain of each bacterium may be cultured. Also, it is to be
understood, that by selecting the strains of A, wodanis andfor M. viscosa according to the
strains most prevalent in the area where the fish are to be grown, a better protection is
obtained. A vaccine composition mainly protecting against wodanosis may be prepared by
growing bacteria at a high temperature and a low salt concentration, such as at about
10°C and 0.9% salt. A vaccine composition mainly protecting against wodanosis may also
be prepared by growing bacteria at both a high and low temperature and a high and low
salt concentration, such as at about 10 and 8°C and 2.5 and 0.9% salt. A vaccine
composition mainly protecting against winter ulcer may be prepared by growing bacteria
at a low temperature and a high salt concentration, such as at about 8°C and 2.5% salt.

However, as mentioned above, a very good disease protection is obtained by mixing one
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or more single and one or more mixed culture(s) of the bacteria grown at different salt and

temperature conditions as disclosed elsewhere herein.

Hence, to prevent and/or treat the chronic stages of the two diseases, it is envisaged a
composition comprising inactivated bacteria of one or more mixed culture(s) of Aliivibrio
wodanis and Moritella viscosa, providing an immunogen which is different to inactivated
bacteria when they have been cultured as single cultures, thereby having different

immunogenic properties.

Accordingly, for the acute stages of wodanosis, a composition comprising inactivated
bacteria of one or more single culture(s) of Alfiivibrio wodanis is particularly useful, which
can then be complemented with inactivated bacteria of one or more mixed culture(s) of

Alfiivibrio wodanis and Moritella viscosa for the chronic stages of the disease.

Hence, further envisaged herein is a complement to an existing vaccine for winter ulcer,
which complement comprises a composition of inactivated bacteria of one or more mixed
culture(s) of Alliivibrio wodanis and Moriteffa viscosa to prevent and/or treat the chronic
stage pathogenesis of winter ulcer. Accordingly, encompassed by the present disclosure
is a vaccine composition comprising inactivated bacteria of one or more mixed culture(s)
of Alliivibrio wodanis and Moritella viscosa, which can be prepared according to a method
as disclosed herein. This will be a suitable way of combating chronic disease as it has
now been shown that Alfiivibrio wodanis is able to down-regulate the virulence and
pathogenicity of the bacterium Moritelfa viscosa that is causing winter ulcer, changing the
appearance thereof. Such a composition can form a separate vaccine, or complement an
already existing vaccine for winter ulcer. It can also form a separate vaccine component of

a vaccine directed to wodanosis.

Such one or more single and/or mixed cultures may be cultured at different salt and
temperature conditions to optimize the antigenic appearance of the vaccine which is

further described herein.

Accordingly, it is related to herein, inactivated bacteria of spp. Aliivibrio wodanis (A.
wodanis) for medical use. Hence, the present disclosure relates to a composition
comprising inactivated bacteria of spp. Afifvibrio wodanis {(A. wodanis) for medical use.
Said composition may comprise inactivated bacteria of one or more single cuiture(s) of A.
wodanis. it is also related herein to a composition which comprises inactivated bacteria of
one or more mixed culture(s) of spp. A. wodanis and Moritella viscosa (M. viscosa) for
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medical use, and which optionally further comprises inactivated bacteria of one or more
single culture(s) of A. wodanis. It is also related to herein a composition which comprises
inactivated bacteria of one or more single culture(s) of A. wodanis, inactivated bacteria of
one or more mixed culture(s) of A. wodanis and M. viscosa and inactivated bacteria of
one or more inactivated single culture(s) of M. viscosa, for medical use. In addition, it is
also related to a composition which comprises inactivated bacteria of one or more single
culture(s) of A. wodanis, and inactivated bacteria of one or more single culture(s) of M.
viscosa, for medical use. Furthermore, it is also related to a composition which comprises
inactivated bacteria of one or more mixed culture(s) of spp. A. wodanis and M. viscosa

and inactivated bacteria of one or more single culture(s) of M. viscosa, for medical use.

Inactivated bacteria obtained from single culture of A. wodanis and M. viscosa may also
have a vaccinating effect in the primary stages of the pathogenesis of the co-infection
between A. wodanis and M. viscosa before the two bacteria have come into direct cell-to-

cell contact on or in the host and because of that changed the cellular antigenic outlook.

Inactivated bacteria originating from the single culture is mostly useful for providing the
vaccinating effect for wodanosis (caused by A. wodanis alone) and winter ulcer (caused

by M. viscosa alone) acute primary stages of disease.

Without wishing to be bound by theory, it may be possible that one or more antigens
expressed when A. wodanis and M. viscosa are grown in single cultures may enlarge the
vaccinating effect caused by the co-cultured bacteria, an effect that is not the same as

seen as a result of co-cultered bacteria, and vice versa.

Whenever a “composition” is referred to herein, this refers to a bacterial composition as
identified in the above, or as otherwise exemplified herein, containing the different
combinations of inactivated bacteria obtained from one or more single and/or mixed
bacterial culture(s) of A. wodanis and/or M. viscosa, and/or one or more components
and/or antigenic part(s) thereof, as further defined herein, even though every combination
of inactivated bacteria is not explicitly mentioned in every aspect or in every use thereof,
Accordingly, inactivated bacteria of A. wodanis and/or M. viscosa originating from one or
more single and/or mixed culture(s), which may be prepared during different temperature
and salt conditions as disclosed herein, and/or one or more components and/or antigenic
part(s) thereof as further defined herein can be combined in all aspects as clarified herein,

and as further supported by the claims.
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Accordingly, there is provided herein a composition comprising inactivated bacteria as
defined herein wherein said inactivated bacteria have been obtained from one or more
mixed and/or single culture(s) of A. wodanis and/or M. viscosa which has/have been

cultivated at a temperature of about 10-12°C (high), such as at about 10, 11 or 12°C.

Further, there is provided herein a composition comprising inactivated bacteria as defined
herein, wherein said inactivated bacteria have been obtained from one or more mixed
and/or single culture(s) of A. wodanis and/or M. viscosa which has/have been cultivated at
a temperature of about 7-8°C (low), such as about 8°C. There is also provided herein a
composition as defined herein comprising inactivated bacteria wherein said inactivated
bacteria have been obtained from one or more mixed and/or single culture(s) of A.
wodanis and/or M. viscosa which has/have been cultivated at a salt, such as a sodium
salt, e.g. NaCl, concentration of about 0.9% (low). There are also provided combinations
thereof. In addition, there is provided a composition comprising inactivated bacteria as
defined herein, wherein said inactivated bacteria have been obtained from one or more
mixed and/or single culture of A. wodanis and/or M. viscosa which has/have been
cultivated at a salt, such as a sodium salt, e.g. NaCl, concentration of about 2.5% (high).
Such compositions may be used as a vaccine composition, such as for the use in the
prevention and/or treatment of wodanosis and/or winter ulcer, whichever suitable

depending on the temperature in sea water which is further explained herein.

Examples of strains of A. wodanis and/or M. viscosa that may be used in the context of
the present disclosure provided herein are the commercially available type strains (NVI
88/478", M. viscosa, NVI 88/4417, Aliivibrio wodanis,) as well as the reference strains M.
viscosa (NVI 06/09/139 — Ft 5427 (NCIMB accession number 42122)) and A. wodanis
(NVI 06/09/139 —~ Ft 5426 (=NCIMB accession number 42121)}, but is not limited thereto.

It also refers to a composition, comprising the combinations of inactivated bacteria
prepared from one or more single and/or mixed culture(s) of A. wodanis and/or M. viscosa
which have been obtained through a method for preparing one or more bacterial

composition(s) as described herein.

A composition comprising inactivated bacteria as described herein can further comprise

an adjuvant, and/or a pharmaceutically acceptable excipient.

In addition to the inactivated bacteria, and/or one or more components and/or antigenic

part(s) thereof and/or adjuvants in a vaccine composition, emuigators may be added,
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such as highly refined polyoxyethylenesorbitan and sorbitan oleates, such as polysorbate
85, polysorbate 80, PEG-6 sorbitan oleate, and sorbitan oleate etc. Emulgators are added
to stabilize the vaccine emulsion in particular when mineral oils are added as adjuvant.
When oil-in-water or water-in-oil emulsions are made they may be instable if not used
soon after. It is also possible to instead if adding an external emulgator, to emulgate
mechanically and use the vaccine the same day as it is prepared. For vaccines that need
to be stored, emulgators are added often in a mixture of up to typically 3 to 4 in
accordance with procedures known to the manufacturer. A successful emulgator-mix
makes it possible to store the vaccine effectively for a longer period. Typically from 5%
and up to 10 or 12 % emulgator can be part of a commercial vaccine composition.
However, methods and means for preparing a vaccine composition suitable for storage

are well known for the skilled practitioner within this field.

Vaccine components may be in liquid form both as hydrophilic and lipophilic, which
phased may often then be mixed in emulsions that need to be stabilized for storage.
Examples may be found in Roar Gudding (Editor} et al. "Fish Vaccinology”, Developments

in Biological Standardization, 484 sider.

In addition, dry vaccines may also be prepared from the compositions as disclosed herein,
and then dissolved before usage. This is particularly for, dip, bath or oral vaccines that are

not using oil adjuvants or similar.

Encompassed by the present invention is also a composition comprising inactivated
bacteria of spp. Aliivibrio wodanis (A. wodanis), such as one or more single culture(s)
thereof, for use as a vaccine, such as a vaccine for the treatment and/or prevention of
wodanosis and/or for the treatment and/or prevention of winter ulcer, said composition
comprising, or further comprising, inactivated bacteria of one or more mixed culture(s) of
spp. A. wodanis and Moritella viscosa (M. viscosa), and/or inactivated bacteria of one or
more single culture(s) of M. viscosa. Accordingly, it is related fo herein a composition
comprising one or more single culture(s) of Aliivibrio wodanis (A. wodanis) and one or
more mixed culture(s) of spp. A. wodanis and Moritella viscosa (M. viscosa) for use as a
vaccine and for use in the treatment and/or prevention of wodanosis. Such a composition
may also be useful in the treatment and/or prevention of winter ulcer. Further comprised
herein is a composition comprising inactivated bacteria of one or more mixed cuiture(s) of

spp. A. wodanis and Moritella viscosa for use as a vaccine, such as a vaccine for the
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treatment and/or prevention of wodanosis andfor for the treatment and/or prevention of

winter ulcer,

As wodanosis and winter ulcer may occur as a co-infection depending on the temperature
of the sea water and occurrence of the bacteria in sea-water, combinations of the above

compositions are useful in the treatment and/or prevention of these conditions.

in addition, it is also related to a composition which comprises inactivated bacteria,
wherein said inactivated bacteria are selected from the group consisting of bacteria of one
or more single culture(s) of A. wodanis and M. viscosa, one or more mixed culture(s) of A,
wodanis and M. viscosa, and/or a combination thereof, as further defined herein, for
medical use, such as for use as a vaccine, e.g. in the treatment and/or prevention of
wodanosis and/or winter ulcer. It is to be understood that such a composition can further

comprise adjuvants and other compenents suitable to use in a vaccine compaosition.

A composition as defined herein may also be used in the manufacture of a vaccine and/or
a medicament, such as in the manufacture of a medicament and/or a vaccine for use in
the treatment and/or prevention of wodanosis and/or winter uicer. A composition for use

as a vaccine may also be referred to as a vaccine composition herein.

Accordingly, comprised herein is e.g. the use of a composition which comprises
inactivated bacteria of spp. Aliivibrio wodanis (A. wodanis), such as inactivated bacteria of
one or more single culture(s) of A. wodanis, comprising, or further comprising inactivated
bacteria of a mixed culture of spp. A. wodanis and Moritella viscosa (M. viscosa),
optionally further comprising inactivated bacteria of one or more single culture(s) of M.
viscosa, in the manufacture of a medicament for the treatment and/or prevention of
wodanosis, or in the manufacture of a medicament for the freatment and/or prevention of

winter ulcer.

Accordingly, it is related to herein a composition comprising all components described in
the above, for use as a vaccine, for use in the treatment and/or prevention of winter ulcer

or wodanosis or a co-infection of the disease states.

Hence, the present disclosure relates to a composition which comprises any
combination(s) of inactivated bacteria obtained from a single and/or mixed cultured in

accordance with the above conditions. Such cultures may contain inactivated bacteria
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obtained from one or more culture(s) or strain(s) of the respective A. wodanis and M.

viscosa

The purpose of using inactivated bacteria from a variety of cultures in the preparation of a
vaccine as presented herein is to obtain an antigenic variance of the inactivated bacteria
of the vaccine which is due to that the physical appearance and virulence of A. wodanis
and M. viscosa, respectively, changes when the sea water temperature changes. This
surprising finding revealed the importance of mirroring such varieties in vaccine

preparations for these conditions.

As further mentioned herein, different salt concentrations and temperatures may be used
when culturing bacteria for preparing a vaccine composition comprising inactivated
bacteria with an optimal antigenic appearance for the respective disease state that is to

be treated.

Examples of culture conditions that may be used for preparing cultures with different
antigenic appearance, which may then be used in the present context is a composition
comprising inactivated bacteria obtained from:

one or more mixed culture(s) of A. wodanis and M. viscosa using high salt concentration
and high temperature,

one or more mixed culture(s) of A. wodanis and M. viscosa using high salt concentration
and low temperature,

one or more mixed culture(s) of A. wodanis and M. viscosa using low salt concentration
and high temperature,

one or more mixed culture(s) of A. wodanis and M. viscosa using low salt concentration
and low temperature,

one or more single culture(s) of A. wodanis using high salt concentration and high
temperature,

one or more single culture(s) of A. wodanis using high salt concentration and low
temperature,

one or more single culture(s) of A. wodanis using low salt concentration and high
temperature,

one or more single culture(s) of A. wodanis using low salt concentration and low
femperature,

one or more single culture(s) of M. viscosa using high salt concentration and high

temperature,
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one or more single culture(s) of M. viscosa using high salt concentration and low
temperaiure,

one or more single culture(s) of M. viscosa using low salt concentration and high
temperature and/or

one or more single culture(s) of M. viscosa using low salt concentration and low
temperature, or a combination thereof. A compaosition comprising all components may be

particularly suitable for treating and/or preventing both winter ulcer and/or wodanosis.

A further example is a composition comprising inactivated bacteria obtained from one or
more of the following:

one or more single culture(s) of M. viscosa cultivated at about 8 degrees Celsius and at
about 0.9 % NaCl,

one or more single culture(s) of M. viscosa cultivated at about 8 degrees Celsius and at
about 2.5 % NaCl,

one or mere single culture(s) of A. wodanis cultivated at about 10 degrees Celsius and at
about 0.9% NaCli,

one or more single culture(s) of A. wodanis cultivated at about 10 degrees Celsius and at
about 2.5% NaCli,

one or more mixed culture(s) of M. viscosa and A. wodanis cultivated at about 8 degrees
Celsius and at about 0.9 % NaCl,

one or more mixed culture(s) of M. viscosa and A. wodanis cultivated at about 8 degrees
Celsius and at about 2.5 % NaCl,

one or more mixed culture(s) of M. viscosa and A. wodanis cultivated at about 10 degrees
Celsius and at about 0.9 % NaCl,

one or more mixed culture(s) of M. viscosa and A. wodanis cultivated at about 10 degrees
Celsius and at about 2.5 % NaCli, or a combination thereof. A composition comprising all
components may be particularly suitable for treating and/or preventing both winter ulcer

and/or wodanosis.

For use in the treatment and/or prevention of winter ulcer there is provided herein a
composition which is particularly suitable therefore comprising inactivated bacteria of one
or more single culture(s) of M. viscosa, inactivated bacteria of one or more mixed
culture(s) of A. wodanis and M. viscosa and optionally inactivated bacteria of one or more
single culture(s) of A. wodanis. A further suitable composition for use in the treatment

and/or prevention of winter ulcer comprises inactivated bacteria obtained from one or
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more single culture(s) of M. viscosa cultured at a low temperature, such as about 8°C and
at a high salt concentration, such as about 2.5% salt, such as a sodium salit, such as
NaCl, inactivated bacteria of one or more mixed culture(s) of A. wodanis and M. viscosa
cultured at a low temperature, such as at about 8°C and at high salt concentration, such
as at about 2.5% salt, such as a sodium salt, such as NaCl, and optionally inactivated
bacteria of one or more single culture(s) of A. wodanis cultured at a low temperature, such
as at about 8°C and at high salt concentration, such as about 2.5% salt, such as sodium
salt, such as NaCl. When such a composition also comprises inactivated bacteria
obtained from one or more single culture(s) of A. wodanis cultured at a low temperature,
such as about 8°C, such a composition is also useful for the treatment and/or prevention
of wodanosis or a co-infection of wodanosis and winter ulcer as A, wodanis may be active

also at lower temperatures which is further described herein.

For use in the treatment and/or prevention of wodanosis there is provided herein a
composition which is particularly suitable therefore comprising inactivated bacteria
obtained from one or more single culture(s) of A. wodanis, inactivated bacteria obtained
from one or more mixed culture(s) of A. wodanis and M. viscosa and optionally inactivated
bacteria obtained from one or more single culture(s) of M. viscosa.. A further suitable
composition for use in the treatment and/or prevention of wodanosis is a composition
comprising inactivated bacteria obtained from one or more single culture(s) of A. wodanis
cultured at high temperature, such as about 10°C, and at low salt concentration, such as
at about 0.9% salt, such as a sodium salt, such as NaCl, one or more mixed culture(s) of
A. wodanis and M. viscosa cultured at high temperature, such as at about 10°C and at a
low salt concentration, such as at about 0.9% salt, such as a sodium salt, such as NaCl,
and optionally one or more single culture(s) of M. viscosa cultured at a high temperature,
such as about 10°C and at low salt concentration, such as about 0.9% salt, such as a

sodium salt, such as NaCi.

There is further provided herein a composition suitable for use as a vaccine for the
treatment and/or prevention of a co-infection of winter ulcer and wodanosis which
comprises inactivated bacteria obtained from:

a) one or more single cuiture(s) of M. viscosa cultured at low temperature, such as about
8°C, and at low salt concentration, such as about 0.9% salt, such as a sodium sait, such
as NaCl,

b} one or more single culture(s) of M. viscosa cultured at low temperature, such as about



i0

15

20

25

30

CA 02873305 2014-11-12

WO 2013/171236 PCT/EP2013/059972

35

8°C, and at high salt concentration, such as about 2.5% salt, such as a sodium salt, such
as NaCl,

¢) one or more single culture(s) of A. wodanis cultured at high temperature, such as about
10°C, and at low salt concentration 0.9%, such as a sodium sailt, such as NaCl,

d) one or more single culture(s) of A. wodanis culiured at high temperature, such as about
10°C, and at high concentration, such as about 2.5% salt, such as a sodium salt, such as
NaCl,

e) one or more mixed culture(s) of M. viscosa and A. wodanis cultured at low temperature,
such as about 8°C, and at low salt concentration, such as about 0.9% salt, such as a
sodium salt, such as NaCl,

f) one or more mixed culture(s) of M. viscosa and A. wodanis cultured at low temperature,
such as about 8°C, and at high salt concentration, such as about 2.5% salt, such as a
sodium salt, such as NaCl,

g) one or more mixed culture(s) of M. viscosa and A. wodanis cultured at high
temperature, such as about 10°C, and at low salt concentration, such as about 0.9% saif,
such as a sodium salt, such as NaCl,

h) one or more mixed cuiture(s) of M. viscosa and A. wodanis cultured at high
temperature, such as about 10°C, and af high salt concentration, such as about 2.5%,
such as a sodium salt, such as NaCl, and optionally

i) one or more single culture(s) of A. wodanis cultured at low temperature, such as about
8°C, and at high salt concentration, such as about 2.5% salt, such as a sodium salt, such
as NaCli, and further ¢opticnally

1) one or more single culture(s) of A. wodanis cultured at low temperature, such as about
8°C, and at low salt concentration, such as about 0.9%, such as a sodium salt, such as
NaCl, and further optionally

K) one or more single culture(s) of M. viscosa cultured at high temperature, such as about
10°C, and at high salt concentration, such as about 2.5% salt, such as a sodium salt, such
as NaCl, and further optionaily

I) one or more single culture(s) of M. viscosa cultured at high temperature and at low salt
concentration, such as about 0.9% salt, such as a sodium salt, such as NaCl.

The last composition comprising A. wodanis cultured at a low temperature (°C) is
particularly suitable when to treat and/or prevent wodanosis occurring when the sea water

comprises lower temperatures, such as further explained herein.
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There is further provided herein the use of the compositions as a vaccine for the
manufacture of a medicament for the treatment and/or prevention of winter ulcer and/or
wodanosis, as applicable, or the use of any of the compositions in the manufacture of a
vaccine for the freatment and/or prevention of winter ulcer and/or wodanosis, as

applicable.

Further comprised herein is a method for preparing one or more composition(s) of
inactivated bacteria as defined herein, comprising the steps of: a} separately cultivating
one or more single culture(s) of A. wodanis, and/or one or more mixed culture(s) of A,
wodanis and M. viscosa and optionally one or more single culture(s) of M. viscosa, b)
inactivating bacteria of the culture(s) from step a), ¢) optionally combining the separate
cultures of inactivated bacteria of step b) into one or more composition(s), and d)
preparing one or more composition(s) of inactivated bacteria from one or more culture(s)
of step b) or from one or more of the composition(s) of step c). Furthermore, in said
method, an additional step may be performed before step b) wherein in said step, to one
or more single culture(s) of bacteria of A. wodanis or M. viscosa cultivated in step a)
extracellular products obtained from one or more mixed culture(s) with bacteria of M.
viscosa and A. wodanis isfare added to single culture. The cultures used for preparing
one or more composition(s) of inactivated bacteria may be any of the cultures exemplified
herein, wherein different temperature and/or salt concentrations have been used to obtain
compositions which are suitable for treating and/or preventing the disease states which
may vary depending on sea temperature which is further described herein.

The cultivation of bacteria in step a) may be performed at a low temperature of about 7-
8°C, such as about 8°C or a high temperature such as about 10-12°C and/or using a low
salt concentration in said culture of about 0.9 % salt or a high concentration of about 2 to
4% salt, such as about 2.5%. Said salt may be a sodium salt such as NaCl or any other
equally suitable salt as natural marine salt or any artificial marine salt preparation. It is
important to include the sodium component of any salt mixture. The medium used may be
a regular laboratory medium as for cultivating bacteria, liquid media as broth (for instance
Luria broth) for cultivating bacteria in suspensions or solid media added agar (for instance

l.uria agar, blood agar or similar) meant for cultivating bacteria in colonies.

After cultivation the bacterial cells may be collected by being spun down or filtered off

from the medium, and thereafter washed in a buffer, such as a PBS buffer, inactivated
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and thereafter mixed directly with an adjuvant, if applicable, and for storage, an

emulgator.

Inactivation of said bacteria in step ¢) may be performed by typically adding formalin to
said one or more culture(s), such as about 1 % formalin to said culture(s) for two hours at
about 4°C before washing the killed bacteria, keeping the cultures at a temperature above
30°C for a time period sufficient for inactivating the bacteria, and/or by attenuating said
bacterial culture(s), such as by repeated cultivations with or without mutagenic chemicals
in the culture, by radiation or any other relevant measure until random mutations occur in
one or more genes relevant for a successful pathogenesis. Alternatively attenuation of the
bacteria by directed knock-out mutations of one or more of the virulence genes is
performed. Normally formalin is used for inactivating bacteria included in vaccine
preparations. However, formalin is considered to be an active denaturing agent of proteins
resulting in discrepancy between the acquired immunological memory based on
denatured bacterial surface proteins and the natural proteins of the pathogen approaching
the host. This “blurred” image of the pathogen may be sharper by inactivating the bacterial
cells prepared for the vaccine by a temperature above the level these psychrophitic
bacteria can survive but still below the temperature when the bacterial proteins denaturate
by heat, typically above 40-42°C, but the inactivation method is not limited to these
conditions. This principle of inactivation is an example of an elegant way of inactivating
psychrophilic bacterial pathogens for vaccine preparation. The same sharp immunoiogical
memory image of the outiook of the pathogen is also acquired by inactivating the bacteria
by radiation or chemicals degrading specifically the nucleic acids. When this is noted
there are studies indicating in general that formalin-killed bacteria may be stronger
antigens and thereby causing a better immune reaction than the natural antigens.
Therefore formalin may be an alternative component of said vaccine preparations for this

reason.

Heat may also be used as an inactivation method, such as by heating said one or more
culture(s) to about 30°C for about 16 hours. The heat inactivation with refatively jow
temperature keeps the antigens natural without being denatured, and is therefore
particularly useful in the present context. An example of a heat inactivation procedure for
inactivating bacteria comprises growing vaccine cultures to late logarithmic phase and
inactivation by heating the cultures to about 30°C for about 16 hours without emptying the
cultures from the culture flasks and without adding any extra component(s). After such a
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heat inactivation at 30°C the viability of the cultures may be controlied by cultivation on
blood agar plates with 2.5 % and 0.9 % salt, such as NaCl before the cells are spun down
and washed (e.g. in Phosphate Buffered Saline, PBS) Thereafter, such heat inactivated
bacteria are used directly in a vaccine preparation as provided herein, a method wherein
the inactivation is performed by adding heat, such as by heating the cultures to about
30°C for about 16 hours.

It is also related to herein any composition which is obtainable by, or obtained by, the
present method, as well as to a medical use of such a composition. Also comprised herein
is the use of the composition of inactivated bacteria obtained by the method as a vaccine,
as well as in the manufacture of a vaccine. Said composition obtainable, or obtained by,
by said method can also be used in the treatment and/or prevention of wodanosis, as weil
as in the manufacture of a medicament for the treatment and/or prevention of wodanosis.
Said composition obtainable by, or obtained by, said method can also be used in the
treatment/and or prevention of winter ulcer, as well as in the manufacture of a

medicament for the treatment/and or prevention of winter uicer.

Comprised herein is further a method for preventing and/or treating wodanosis in a fish,
comprising administering an effective amount of one or more composition(s) comprising
inactivated bacteria as defined herein, and/or one or more composition(s) which has been
obtained by a method presented herein to a fish, which amount is sufficient to trigger an
immune response in said fish. The amount of composition that is to be administered is
typically in the range of about 0.2 to 0.05 milliliter (ml) for intraperitoneal application, but is
not limited thereto. For dip or bath vaccination the vaccine is diluted in the water body
where the fish is left either anaesthetized (dip) for a short period of less than a minute or

swimming (bath) for a longer period up to one hour.

In addition, it is comprised herein a method for preventing and/or treating winter ulcer in a
fish, comprising administering an effective amount of one or more composition(s)
comprising inactivated bacteria as defined herein, and/or one or more composition(s)
which has been obtained by a method presented herein to a fish, which amount is
sufficient to trigger an immune response in said fish. The amount of composition that is to
be administered is typically in the range of about 0.2 to 0.05 milliliter (m) for
intraperitoneal application, but is not limited thereto. For dip or bath vaccination the
vaccine is diluted in the water. For the oral vaccination the vaccine may be included in the
fish feed.
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In a method as described herein any fish may be treated, which fish has been affected by
the disease. Suitable fish may for example be salmonids (Salmonidae), e.g. salmon,
Atlantic salmon, or rainbow trout or other fish species as Atlantic cod, turbot and cleaner
fish, including five species of wrasse (Labridae), used on fish farms in Norway and to a

lesser extent in Scotland, Shetland and ireland to control infestation with sea lice.

When a fish is vaccinated with a composition as defined herein, this may e.g. be
performed by intraperitoneal injection, by bath vaccination (see example e.g. in Lavoll, M.,
2009}, or by oral vaccination, but is not limited thereto. For dip or bath vaccination the
vaccine is diluted in the water body where the fish is left either anaesthetized (dip) for a
short period of less than a minute or swimming (bath) for a onger period up to one hour.
For the oral vaccination the vaccine may be included in the fish feed once or repeatedly at

boostering intervals.

Also encompassed herein is a compaosition comprising inactivated bacteria of spp. M.
viscosa for use in the treatment of wodanosis, e.g when said inactivated bacteria
griginates from one or more single culture(s) of M. viscosa, which has been explained
herein. if also relates to the use of a composition comprising inactivated bacteria of spp.
Moritella viscosa, e.g. one or more single culture(s) of M. viscosa for the manufacture of a

medicament for the treatment and/or prevention of wodanosis.

Furthermore, it is disclosed herein a kit for vaccinating fish, said kit comprising one or
more composition(s) of inactivated bacteria as defined herein, means for handling said
composition(s) and optionally instructions for use. Said means for handling said
composition(s) may e.g. be a plastic or other relevant container meant for refilling
automated syringes handled manually by vaccinators or for use in robotic devices used
for injection of the anaesthetized fish, container with composition meant for preparing
working solutions for bath or dip vaccination or tube, prefilled syringes for performing
intraperitoneal injection etc, fish feed or similar prepared with the composition intended for
oral application but is not limited thereto. Said instructions for use may refer to a method
for treating and/or preventing wodanosis and/or winter ufcer, as disclosed herein,

including e.g. the amount of vaccine preparation that is to be used.

Encompassed herein is also a vaccine composition comprising inactivated bacteria of
spp. Aliivibrio wodanis (A. wodanis), which composition may comprise inactivated bacteria

of one or more single culture(s) of A. wodanis. It is also related to herein a vaccine
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composition which comprises inactivated bacteria of one or more mixed culture(s) of spp.
A. wodanis and Moritella viscosa (M. viscosa), and which optionally further comprises
inactivated bacteria of one or more single culture(s) of A. wodanis. It is also related to
herein a vaccine composition which comprises inactivated bacteria of one or more single
culture(s) of A. wodanis, inactivated bacteria of one or more mixed cuiture(s) of spp. A.
wodanis and M. viscosa and inactivated bacteria of one or more single culture(s) of M.

viscosa.

In addition, it is also related to a vaccine composition which comprises inactivated
bacteria of one or meore single culture(s) of A. wodanis, and/or inactivated bacteria of one
or more single culture(s) of M. viscosa. Furthermore, itis also related to a vaccine
composition which comprises inactivated bacteria of one or more mixed culture(s) of spp.
A. wodanis and M. viscosa and inactivated bacteria of one or more single culture(s) of M.

viscosa.

It is also related to herein a method for preparing a culture of modified M. viscosa by
adding extracellular products obtained from one or more mixed culture(s) with M. viscosa
and A. wodanis or one or more cuiture(s) of M. viscosa grown with additions of naturally
purified or recombinantly produced structures or components of A. wodanis that modulate
the antigenic outlook of M. viscosa to one or more single culture(s) of M. viscosa,
inactivating said bacterial cells and thereafter preparing a vaccine composition therefrom.
it is also related to herein a composition comprising inactivated bacteria obtainable by
such a method, and the use of such a composition as a vaccine, such as for vaccinating

against wodanosis and/or winter ulcer.

The present disclosure is further supported and exemplified by the following experimental

section, but is not limited to thereto.
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EXPERIMENTAL SECTION

Experimental methods

Preparation of vaccine cultures, vaccine and vaccination of Atlantic smolts for Example 2,
3 and 8 and for antibody production in rabbits Example 6. Any strain of Moritella viscosa
and Aliivibrio wodanis, such as exemplified herein, may be used for performing the

experiments described in the below.

NVI = National Veterinary Institute

Day 1.

One strain of Moritella viscosa (NVI 06/09/139, 5427) and one strain of Afiivibrio wodanis
{NVI 06/09/139, 5426) were inoculated onto a blood agar plate (Blood agar base 2 (Difco)
with 5 % cattle blood and 2 % additional NaCl) by a plastic loop from a frozen vial of 1 ml
culture made from colonies washed from agar plates into Luria broth with 2 % NaCl and
10 % glycerol and kept at — 80°C. The blood agar plate enriched with NaCl were
incubated at +8°C for 4 days.

Day 4.

Re-inoculated both strains on another blood agar plate enriched with NaCl as on Day 1

and incubated at +8°C for 3 days.

Day 7.

inoculated a few colonies of both strains from the blood agar plates enriched with NaCl
and incubated for 3 days into two different tubes with 5 ml Luria broth with 1 % NaCl (LB1)
and incubated the tubes at +8°C with agitation for 3 days.

Day 10:

Transferred the two cultures to 10-fold dilution series in 24-well micro-titre plates. The
dilution set-up was 900 ul LB1 and 100 ul broth cuiture incubated from Day 7 to 10 as
described. The dilutions were made to 10 and all 1000 ul from these last wells were

transferred into a common Erlenmeyer flask with 10 ml LB1. This mixed cuiture of M.

viscosa and A. wodanis was incubated at +8°C with agitation (800 rpm) for 2 days.
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Transferred 1 ml of each broth culture from Day 7 with M. viscosa and V. wodanis,
respectively to 4 mi LB1 in small Erlenmeyer flasks and incubated at +8°C with agitation.

Day 12:

Transferred 5 ml from each of the three cultures started at Day 10 to Erlenmeyer flasks
with 45 mi LB1. The three flasks where incubated at +8°C with agitation.

Day 14:

Vaccine production: The ODgy of each of the 3 cultures was measured. The mixed culture
had an OD = 1.650, the M. viscosa culture had an OD = 1.721 and the A. wodanis culture
had an OD = 1.601.

Each of the 3 cultures were centrifuged at 12.500xg (10.000 rpm at Sorvall cooling
centrifuge) at +4°C in 5 minutes. The pellet was resuspended in 10 ml PBS buffer with 1
% formalin for Example 2, not 3 and 8. Extra NaCl to a total of 2 % was used in the PBS
buffer for resuspension of the M. viscosa pellet and the mixed pellet. The suspensions

were incubated at +4°C for 2 hours.

The suspensions of bacterial cells were then re-centrifuged at 12.500xg (10.000 rpm) at
+4°C (Sorvall centrifuge) for 5 min and washed the peliet 4 times with PBS buffer (with
extra NaCl up to a total of 2 % for the M. viscosa cells and for the mixed cell suspension)
at +4°C for 1 minute at 12.500xg. Resuspended the pellets in PBS buffer o an ODgy of

approximately 1.0.

Sterility control was made by inoculating 10 ul of each cell suspension in PBS buffer onto
blood agar plates with 2.5 % NaCl before incubation at +8°C for 6 days.

Example 2.

Four research vaccines were prepared, A, M. viscosa + adjuvant; B, A. wodanis + M.
viscosa + adjuvant;C, Adjuvant control (PBS buffer + adjuvant) and Negative control, PBS
buffer.

Example 3;
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Five research vaccines were prepared, A, M. viscosa + adjuvant; B, A. wodanis + M.
viscosa + adjuvant; C, A. wodanis + adjuvant, D Adjuvant control (PBS buffer + adjuvant)

and Negative control, PBS buffer.
Preparation of vaccine composition:

Mixture of adjuvant and antigen: For vaccine A, B and C 15 ml antigen preparation in a 50
mi syringe with luer lock were prepared, 15 ml Freund’s incomplete adjuvant was filled in
another 50 mi syringe with luer lock. The syringes were connected through a 3-way valve
well tightened. The contents of the 2 syringes were mixed by being transferred completely
until empty syringe from one syringe to another in a large number of repetitions for a {otal
time of between 15 to 45 min for each vaccine preparation. The process is continued until
the vaccine preparation is turned into a thick whitish even mixture before the third gate is
opened on the 3-way valve and the contents is emptied into a 50 ml tube that is left at

+4°C where the preparation is getting further thickened.

The adjuvant control vaccine (C in Example 2 and D in example 3) was made by mixing
10 ml PBS buffer with 10 ml Freund's incomplete adjuvant following the same mixing

procedure as with vaccine A, B and C with antigens.

Day 15:

Vaccination: The salmon smolts were anaestetized in benzocaine bath and vaccinated by
injection of 0.1 mi of the vaccine intraperitoneally before being released into a common

tank for all the 5 groups.

Result of the sterility control: No growth of the vaccine strains was observed but
surprisingly a coagulase-negative Staphylfococcus were growing from all 3A, Band C
vaccine preparations indicating addition of a contaminated addition probably during

washing of the bacterial cell pellets.

Preparation of bacterial cultures for challenge of Atlantic salmon

Example 1

For bath pre-challenge one strain of Moritella viscosa (NVI 06/09/139, 5427) was
inoculated onto a blood agar plate (Blood agar base 2 (Difco) with 5 % cattle blood and 2
% additional NaCl) from frozen glycerol stock culture at -80°C and incubated at 12°C for
24 hin 10 ml Marine Broth (Difco) before 17 mi of the grown culture were added to 600 mi



10

i5

20

25

30

CA 02873305 2014-11-12

WO 2013/171236 PCT/EP2013/059972

44

fresh MB medium and after 24h the ODg was 1.0. For preparing cultures of A. wodanis
in contact with M. viscosa by exchange of extracellular products with a size less than 14
kDa but with no cell-to-celt contact one of the cultures was cultured in semi-permeable

containers within a flask of a culture with the other species.

The culture was diluted and bacterial concentration was estimated after growth on blood

agar plates. The bacterial concentration of the prechallenge culture was 1.9 x 10° cfu/ml.

Three groups of 20 pre-smolts of 50 gram were bath challenged for 1 hour 2 days after
end of smottification and sea-launch with 4.8 x 10°, 9.5 x 10°, and 2.9 x 10° cfu/ml
respectively of challenge bath culture with M. viscosa. After 17 days 59, 47 and 42 %
mortality were recorded, respectively. A chailenge dose of 1.0 x 10° cfu/ml was chosen in
the main challenge with M. viscosa and 1.5 x 10° cfu/ml for A. wodanis (06/09/139, 5426)

in the various tank groups in Example 1.

Example 2 and 3

One strain of Moritelfa viscosa (NVI 06/09/138, 5427) and one strain of Aliivibrio wodanis
(NVI 06/09/139, 5426) were inoculated onto a blood agar plate (Blood agar base 2 (Difco)
with 5 % cattle blood and 2 % additional NaCl) as in Example 1. Both strains were
separately added to 10 ml fresh Marine Broth in a 100 ml Erlenmeyer flask that was
incubated at 8°C on a shaker at 200 rpm for 2 days before one ml was inoculated into 20
mi Marine Broth in an identical flask that was shaken at the same speed at 7°C for 24 h.
Three copies of these 20 ml cultures of both M. viscosa and A. wodanis were added
together to 400 ml Marine Broth in three 1 | Erlenmeyer flasks that were incubated at 7°C
with shaking (200 rpm) until ODggo of the mixed cultures of M. viscosa and A. wodanis was
measured to >1.0. The cultures were adjusted with fresh Marine Broth to ODgg = 1.0
giving a cfu/ml of approximately 1 x 10°. The cultures were diluted on blood agar plates
and cfu/m! were estimated to 5 x 10° cfu/ml for both M. viscosa and A. wodanis in the
mixed cuitures. For the challenge in Example 2 a total of 1250 ml mixed culiure was

added to 250 | of sea water.

Example 4 and 7

For the bath challenge of smoits with single culture of Aliivibrio wodanis (NVI 06/09/139,
5426) the culture was prepared as in Example 1 and the challenge was performed as in
Example 3. The challenge dose of A. wodanis was 1.2 x 10° cfu/ml sea water.
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For bath challenge with mixed cultures of M. viscosa and A. wodanis the cultures were
prepared as described in Example 2 and 3 and the the bath challenges were performed
with 2 different groups and the concentrations were 4 x 10° for M. viscosa and 1.2 x 10°

for A. wodanis for group Anix and for group By the challenge concentrations were 1.3 x

10° cfu/ml for M. viscosa and 9 x 10° cfu/ml for A. wodanis.

Example 5

For intraperitoneal challenge of smolts with monocultures of M. viscosa (water temp 10°C)
and A. wodanis (water temp 8 and 10°C) the cultures were started and grown as in
Example 1 except for the incubation temperature that was 9°C. A total of 1.3 x 10’
bacterial cells of M. viscosa and 8.7 x 107 bacterial cells of A. wodanis were inoculated
intraperitoneally in a volume of 0.1 ml.

Example 6

For preparation of bacterial cells for inoculation in rabbits for production of polyclonat sera
for Western blot studies single bacterial cultures of M. viscosa and A. wodanis and mixed
culture of the same bacteria the techniques used for vaccine preparation in Example 2 and

3 were used.
Experimental results

Example 1

Bath challenge with single cultures of M. viscosa and A. wodanis grown with and without

impact of extracellular products with a cutoff of less than 14 kDa from the other culture and

co-challenge with both bacteria together.

Six groups of 55 smolis (48 g) each
Group 1. Challenged with mono-cultivated M. viscosain 1 h

Group 2: Challenged with co-cultivated M. viscosa (separated from A. wodanis by 12-14
KDa cut-off) for 1 h

Group 3 and 4: Challenged with both co-cultivated M.viscosa and A. wodanis (separated
from each other by 12-14 KDa cut-off) for 1 h
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Group 5: Challenged with co-cultivated A.wodanis (separated from M. viscosa by 12-14
KDa cut-offy for 1 h

Group 6: Challenged 3 h with co-cultivated A. wodanis (separated from M. viscosa by 12-
14 KDa cut-off) before adding of co-cultivated M. viscosa for 1 h

The temperature ranged between 6.7 and 7.4°C during challenge. The intake water was

UV-desinfected sea-water.

Bath challenge resuited in mortality starting at day 2 after challenge and with the highest
number of dead smolts from day 5 to 10 increasing the cumulative mortality from 20 (+/- 5
%) to 75-80 % for Group 1, 2, 3 and 4 within those 5 days of the outbreak. At day 16 the
cumulative mortality was between 20 and 98 % for all these 4 groups. In Groups 3 and 4

both M. viscosa and A. wodanis were isolated from head kidney and ulcers.

The mortality in Group 6 deviated from Groups 1 to 4 after day 6 with fewer dead fish per
day and with 83 % cumulative mortality after 17 days.

For the first time it was possible to record mortality in smolts bath challenged with A.
wodanis alone. However, the tank with Group 5 was contaminated with M. viscosa
possibly from day 8 since M. viscosa was detected in the water and internal organs of
dead smolts. One smolt died at each of day 4, 5 and 6 and it was verified that A. wodanis
was growing from the head kidney. Several more died on day 9 with both A. wodanis and
M. viscosa from the head kidney and both bacteria were in the water. Additional single
smolts died at day 10, 11, 15 and 17 in this group all of them with both A. wodanis and M.
vviscosa isolated from the head kidney. In total the cumulative mortality in Group 5
reached 20 % at day 17. The tank with Group 5 was run for 6 more days during which
only 2 more smolts died and one of them had A. wodanis in multiple organs while the
other one had M. viscosa in the liver. Among the survivors on day 23 when Group 5 was
terminated, only 2 smolts had M. viscosa in the head kidney. After Group 5 was
contaminated with M. viscosa possibly on day 8 it was expected that the mortality curve
should pick up with the curves in Groups 1 to 4, but it remained unexpectedly low.

The experiment with Group 5 was repeated in an attempt to avoid contamination with M.
viscosa and involve only A. wodanis. In this repeated experiment with the same batch of
smolts and same conditions for water including temperature, one smolt died each of the
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days 3, 10, 11 and 13 ending with a cumulative mortality of 7.8 %. It was discussed that
wormned back fins could have assisted A. wodanis in getting into these 4 smolts.

Conclusions from the challenge experiment Example 1.

- From 2 days after bath challenge it was possible to see local swellings in the skin
of the smoits and from day 8 all dead smolts demonstrated large skin ulcers.

- An outbreak situation occurred in Groups 1 to 4 from day 5 to 10 and also in this
period the concentration of M. viscosa in the water peaked. Groups 1 to 4
demonstrated the same disease situation with the cumulative mortality between 80
and 98 % at day 16 and 17. This means that co-cultivation of M. viscosa together
with V. wodanis separated by semi-permeable membranes did not have an impact
on the mortality. Neither did the combination of M. viscosa and A. wodanis both
co-cultivated in semi-permeable membranes in the challenge change the mortality.

- The bath prechallenge of smolts with A. wodanis for 3 h before bath challenge with
M. viscosa reduced the mortality rate from day 6 and ended with a 10 % lower
cumulative mortality.

- Bath challenge with A. wodanis alone (co-cultered across semi-permeable
membrane with M. viscosa) ended with 7.8% mortality (4 of 51 smolts).

- Introduction of M. viscosa into the population 8 days after bath infection with A.
wodanis did not increase the cumulative mortality to more than 20 % after 17 days
(24% after 23 days).

- Whenever A. wodanis is included in the challenge it is occurring in the wounds and
internal organs at the same level as M. viscosa.

- From this challenge study it is possible to make an hypothesis that under the given
conditions M. viscosa is a highly virulent pathogen able to run the winter ulcer
infection regardiess of contact with A. wodanis through semi-permeable
membranes (12-14 kDa cut-off)

- A. wodanis is able to cause disease and mortality to a low level < 8 % alone under
the given conditions

- A. wodanis is able to inhibit M. viscosa in its virulence/pathogenicity but only given
that A. wodanis must be on the scene before M. viscosa arrives. The longer A.
wodanis is alone with the smolts the lower is the virulence of M. viscosa (A.

wodanis introduced at the same time there is no inhibition of M. viscosa, after 3 h
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pre-challenge with A. wodanis virulence by M. viscosa is reduced with 10 %, after
8 days (very low dose from splash?) the virulence is reduced with close to 70 %).
- Alternatively the inhibitory effect of A. wodanis is dependent on an adjuvant effect
of the smolt unless the M. viscosa infection is opening a “window” for A. wodanis

5 to get into the smolt and perform its inhibitory effect.

Extreme short conclusion: High mortality with M. viscosa, same mortality with M. viscosa
and A. wodanis cultivated together before challenge and tendency to defayed mortality
when A. wodanis was introduced in the bath challenge 3 hours before M. viscosa.

Example 2

10 Bath challenge with co-cultured M. viscosa and A. wodanis after vaccination with M.

viscosa cultivated as single culture and vaccination with a vaccine made from a co-culture

of both bacteria (Figure 3) .

Four groups of 71, 68, 15 and 20 smolts (55 g) each. The pre-smolts were vaccinated 8
weeks before smoiltification and challenge in 2 different vaccine groups, 1 adjuvant group
15 and 1 negative control group. All groups were Kept in one tank of 250 | and bath
challenged for 1 h at a temperature of 8°C with a culture of M. viscosa (5 x 10° cfu/ml) and
A. wodanis (5 x 10° cfu/ml) physically grown together. The sea-water was UV-desinfected.

Group 1: Vaccinated with mono-cultivated M. viscosa (n=71)

Group 2: Vaccinated with M. viscosa and A. wodanis physically grown together (n=68)
20 Group 3: Injected with only Freunds incomplete adjuvant (n=15)

Group 4: Injected with PBS (n=20)

The first dead smolts appeared in Group 1 on day 8 after challenge in and from day 10 in
the other groups. Most smolts died within 10 days from the first diseased smolts
appeared. The experiment was terminated 34 days after challenge after 6 days without

25 any observed diseased or dead smolts.
Cultivation from head kidney

After cultivation of bacteria from smolts (n=30) dying during the outbreak in Group 1 there

were seen more A. wodanis colonies on the plates varying from 60 to 100 % compared to
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M. viscosa in 19 of the dead smolts (63 %), while M. viscosa was dominating in 4 (13 %),
both bacteria with equal frequency in 3 (10 %) and impossible to count in 4 smolts (13 %).
The smolts that died the first 4 days of the outbreak had a complete dominance by A.

wodanis in the culture from the head kidneys.

After cultivation of bacteria from smolts (n=29) dying during the outbreak in Group 2 it was
more M. viscosa colonies on the plates varying from 60 to 100 % compared to M. viscosa
in 15 of the dead smolts (52 %), while A. wodanis was dominating in 7 (24 %), both
bacteria with equal frequency in 6 (21 %) and impossible to count in 1 smolt (3.4 %).

After cultivation of bacteria from smolts (n=7) dying during the outbreak in Group 3 it was
more A. wodanis colonies on the plates varying from 60 to 100 % compared to M. viscosa
in 5 of the dead smolts (71 %), while M. viscosa was dominating in 2 (29 %).

After cultivation of bacteria from smolts (n=8) dying during the outbreak in Group 4 it was
more A. wodanis colonies on the plates varying from 60 to 100 % compared to M. viscosa
in 4 of the dead smolts (50 %), while M. viscosa was dominating in the other 4 (50 %).

Cultivation from head kidney of smolts euthanized at the end of the study gave no growth
except a few colonies of M. viscosa or A. wodanis from one of the surviving smolts in
each of Group 1, 2 and 3 and two from Group 4. Probably these smolts would have died
from infection within some time. These results show that ulcer mostly develop before
septicemia during an outbreak in an artificially bath challenged population in both a
vaccinated population and in unvaccinated smolts (see below under Ulcers). This may
mean that A. wodanis is primarily performing its control of M. viscosa in the ulcers
reducing the frequency of septicemic development with bacteria in the head kidney. This
could occur in parallel with better protection against changed outlook of inhibited M.

viscosa.

In conclusion vaccination with mono-cultivated M. viscosa reduced the number of M.
viscosa in the head kidney compared to A. wodanis. In smolts vaccinated with both M.
viscosa and A. wodanis physically grown together M. viscosa was more frequent in the
head kidney than A. wodanis. M. viscosa grown as single vaccine culture protect better

towards the number of bacteria in the head kidney when included in the vaccine.

{icers
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All smolts that died from day 10 had increasingly large ulcers up to 30 to 40 mm in size.
There was a tendency to larger ulcers in Group 2 compared to Group 1 and 3 and a

tendency to less prominent ulcers in Group 4, the negative control group.

Lower ulcer frequency (13 %, n=38) in survivors in Group 1 (M. viscosa vaccinated,
mono-cultivated) means that M. viscosa alone is most important for starting ulcer

development.

Relative high ulcer frequency (37 %, n=38) in survivors of Group 2 (M. viscosalA. wodaris
vaccinated, cultured physically together) indicates that M. viscosa has its mono-cultivated

surface when creating ulcers under these conditions.

Survivors in the adjuvant group had an uicer frequency of 43% (3 of 7) and survivors in
the control group had an ulcer frequency of 77 % (7 of 9). This indicates that the adjuvant
stimulates the immune system to hinder M. viscosa to create ulcers under these
conditions. At the same time it can be concluded that a M. viscosa physically cultivated
with A. wodanis have an antigen outlook that is only contributing to 6 % protection from
ulcer development in survivors compared to 24 % (4x better) protection from mono-

cultured M. viscosa on top of 34 % contribution from the adjuvant.

Altogether this tells that a vaccine against winter ulcer should contain mono-cultured M.
viscosa to protect against ulcers under the conditions used (8°C) and bacteria cultivated

physically together for protecting against septicemia and death.

A vaccine group containing mono-cultivated M. viscosa and physically co-cultivated
Mv/Vw would from these results potentially protect the smolts better than any of the 2
groups involved in the study. It might be a coincidence that the Group 1 and 2 had same

vaccine protection unless ulcer development is unlinked to septicemia and death.
Protection

There was no significant difference in protection between Group 1 (46.5 % cumulative
mortality) and Group 2 (44.1 % cumulative mortality). Since the adjuvant group (Group 3)
had 53.3 % cumulative mortality and the negative control group (Group 4) had 55 %
cumulative mortality the level of protection created by the two test vaccines cannot be
called impressive. However when the smolts surviving untit day 34 with ulcers are added
to the smolts that died up to day 34 and which all had ulcers the figures become different.
A total of 53.5 % in Group 1 had developed ulcers at day 34 after bath challenge. In
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Group 2 a total of 64.7 % had developed ulcers, while in Group 3 a total of 73.3 % and in
Group 4 a total of 90 % developed ulcers.

Results from laboratory assays including cuitivations on agar plates and in cell cultures
demonstrate that cell-to-cell contact between M. viscosa and A. wodanis under culture

makes A. wodanis able to inhibit the growth and virulence of M. viscosa.

When adjuvant is used alone as vaccine almost 17 % protection is gained compared to
the negative control group. This is in accordance with a study by Mikkelsen et al (Poster).
In the group that was vaccinated with monocuitured M. viscosa 36.5 % better protection
was gained compared to the negative control. In the group vaccinated with both M.
viscosa and A. wodanis physically cultured together only 25 % protection against ulcer

development compared to the negative control group was gained.

Smolts dead from the challenge mostly have both M. viscosa and A. wodanis fogether in
the head kidney. This means that A. wodanis probably inhibits the virulence of M. viscosa
and possibly impacts the antigenic outlook of M. viscosa cells when they are inside the
fish body. This should lead to low protection against M. viscosa in Group 1 as soon it is
inside the smolt body. This coincides with few survivors with ulcers. On the other hand will
the inhibition of M. viscosa caused by A. wodanis increase the time before the smolts with
septicemia dies. (This scenario coincides with today’s vaccination status in the salmon

farms.)

Smolts vaccinated with physically co-cultured M. viscosa and A. wodanis will be less
protected against ulcer development by M. viscosa but be more protected against M.
viscosa when it grows physically together with A, wodanis in the smolt body. The control
of A. wodanis by vaccination in Group 2 will on the other side counteract the inhibitory

effect by A. wodanis on M. viscosa.

The most obvious conclusion from the vaccine study in Example 2 is that only M. viscosa
in the vaccine gives some protection against winter ulcer and that the A. wodanis
component has no protective impact. This means that A. wodanis should have no major

pathogenic role which is in line with the challenge study.

However, hypothetic conclusions from the vaccine study in Example 2 can be drawn from
the observation that M. viscosa is the most aggressive ulcer developer among the 2
bacteria challenged and that it performs this ulcer activity best when the cells have the
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outlook as when they are cultivated without being physically in contact with A. wodanis.
This is supported by the fact that the monovalent and monocultured M. viscosa vaccine
used in Group 1 protects best against ulcer development. In addition it can be noted that it
probably takes some days before the balance between M. viscosa and A. wodanis has
established in the internal organs since the smoits that died the first 4 days of the
outbreak in Group 1 had no visible growth of M. viscosa, only A. wodanis. Aiternatively,
the monovalent M. viscosa in the vaccine in Group 1 may have hindered the introduction
of the M. viscosa into the smolt body postponing its appearance in the head kidney. This
is surprising since A. wodanis was growing dominantly from head kidney of these smolts.
Probably the vaccine effect in Group 1 eliminated the M. viscosa before they started the
physical interaction with A. wodanis with the result of a changed antigen outlock. Probably
the high toxin production by these mono-cultured M. viscosa killed these fish fast even if
the immune defense of the smolts eliminated the growth of M. viscosa on plates.
Alternatively, the A. wodanis were virulently killing these first dead smolts directly without
the impact or interaction by M. viscosa.) The same occurred with the first smolts that died
in Group 3 and 4 on day 10 but not so clearly in Group 2 where M. viscosa grows in
higher numbers (varying from 20 to 90 % of the colonies) from the head kidney from the
first dead smolt. M. viscosa dominated the growth from head kidney of dead fish from this
group. A clear indication that can be seen from this is that the antigens from a physically
co-cultured M. viscosa with A. wodanis in the vaccine is not protecting very well against
the normally aggressive M. viscosa. The M. viscosa component of the vaccine in Group 2
is only protecting the smolts from the already inhibited version of M. viscosa under the
controt of A. wodanis. This version is actually a low-virulent M. viscosa. In addition the
inhibiting A. wodanis is inhibited by the immune system because the physically co-
cultered A, wodanis is included in the vaccine. These phenomenons may explain the
relatively low protection by the vaccine in Group 2. Mypothetically a M. viscosa component
as in the vaccine of Group 1 added to the vaccine used in Group 2 would have reduced
the mortality with a substantial contribution. Also an addition of a monocultured A.

wodanis would from this hypothesis have further improved a vaccine.

in the adjuvant group there seems to have been a specific protection against M. viscosa.
In the negative control group there is no such tendency in growth between M. viscosa and

A. wodanis in culture from head kidney of dead smolts.
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in total the final outcome of the vaccine study related to Group 1 and 2 is impacted by the
interplay of all the factors mentioned and possibly more. However, the easiest way to look
at the outcome of the study is to study the total level of ulcer development in the various
groups as discussed. This holds well when the virulence activity/pathogenicity of M.

viscosa is considered.

Under the conditions of relatively low temperature etc. for this vaccine study it seems that
M. viscosa is the aggressive pathogen that is actively inhibited by A. wodanis. A. wodanis
is not a clear pathogen in this study at low temperature, unless in the initial phase of
disease in Group 1 in which A. wodanis may have an unknown responsibility for the
mortality of the disease. A. wodanis still have a strong inhibitory action on M. viscosa cells

resulting in a prolonged outhreak in this challenge study.

Example 3

Bath challenge with co-cultured M. viscosa and A. wodanis affer vaccination with M.

viscosa and A. wodanis cultivated as single cultures and vaccination with a vaccine made

from a co-culfture of both bacteria (Fiqure 4, 5 and 8} .

Four hundred Atlantic salmon pre-smolts (average weight 42 g) were shipped by road 500
km in a oxygenated freshwater tank of 700 | and stored in a 1200 liter tank for 14 days
before vaccination and marking by fin-clipping, returned to the same tank and put on 24 h
continuous light 7 days after vaccination, re-circulated water, temp 12.5°C from 16 to 32
days after vaccination. From day 30 after vaccination casualties caused by organic load
and bacterial growth on the gills occurred, Septicemia caused by Aeromonas hydrophila
was verified and a high diffuse bacterial load in water was demonstrated. The smolts were
moved to flow-through freshwater from day 39 after vaccination and transferred to
seawater facilities 45 days after vaccination. At this point 75 smolts were lost due to
bacterial growth in the freshwater re-circulation system when smolts got close fo

smoltification.

After transfer the smolts were put to seawater after 2 days. During the 2 first days in
seawater 54 smolts died due to stress from sait water. At day 3 from sea launch the
smolts were given 1.8 % salinity for 8 days when full seawater was given. A total of 78

smolts died from saltwater stress.
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The water temperature at 60 m depth surprisingly increased from 8°C to 10°C 5 days after
sea launch and passed 11°C the following days. This change normally starts 3 months
later. It was decided to mix in freshwater of 8°C to cool down the water temperature in the
tank since the primary plan was to run the experiment close to 8°C. The salinity was 2.8 %
and the temperature between 9 and 10°C throughout most of the study (Figure 5, 7 and
8).

Bath challenge was performed with 240 smolts left out of the 392 vaccinated parr
individuals 14 days after sea launch. The challenge culture was a physical co-culture of
M. viscosa and A. wodanis with a cfu of 5 x 10° cfu/mi for each of the two species M.
viscosa and A. wodanis in the mixed culture in the challenge water in the tank. The tank
volume was reduced to 200 liter, the water flow haited and oxygen was added before the
co-culture was added for 1 hour before the water flow was started again and the water
volume raised and the challenging bacteria titrated down. The seawater was not

disinfected.

Group 1: Vaccinated with mono-cultivated M. viscosa (n=61)

Group 2: Vaccinated with M. viscosa and A. wodanis physically grown together (n=81)
Group 3: Vaccinated with mono-cultivated A. wodanis (n=55)

Group 4. Injected with only Freunds incomplete adjuvant (n=23)

Group 4: Injected with PBS (n=24)

Disease development

The first dead smolis appeared in Group 1 and 2 on day 13 after challenge. There was
mainly a low daily mortality. Between 3 to 4 weeks after bath challenge there was a
tendency to an outbreak with around 2.5 % mortality per day. in a period of 82 days the
outbreak was followed and the cumulative mortality for that period was 54 % with an
average daily mortality of 0.66 %. The experiment was terminated 95 days after bath
challenge but the continued low mortality of the outbreak was the same and possibly
would have continued. The first week with disease and from 3 weeks after challenge there
was a low mortality that often is typical in field outbreaks of winter ulcer {Aunsmo et al.
2008). The cumulative mortality was 63.9 % for group 1, 51.3 % for group 2, and 43.6 %
for group 3. For the small control groups the cumulative mortality was 60.9 and 41.7 %,
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respectively, for the adjuvant and the negative control (Figure 4). Caused by the chronic
form of the disease the diseased smolts developed extensive ulcers covering a relatively
large part of the body surface. A few smolt had ulceration of the abdominal wall resulting
in exposure of the intestines and visceral organs. Sometimes the jaw and one eye were

ulcerated reducing the functionality of these organs.

During the experiment the seawater temperature fluctuated to some extent between
above 10 and below 8°C (Figure 5). During the first two thirds of the experiment the
seawater temperature was between 9 and 10°C and then dropped to below 8°C for
approximately 2 weeks before the temperature was raised to above 9°C again. This
fluctuation in seawater temperature coincides with a change in mortality in the groups
vaccinated with vaccines with either M. viscosa or A. wodanis (Figure 4). This
phenomenon may reflect the different temperature optimum for causing infections
between M. viscosa and A. wodanis. At the lower temperature the group vaccinated with
only A. wodanis increased the mortality and the mortality went down for the group that
was vaccinated with M. viscosa with a delay in about one week from the onset of the

fluctuation in the temperature.
Cultivation from head kidney

All diseased and dead smolts were cultivated from a skin ulcer and from the head kidney
onto blood agar plates with 2.5 % and 0.9 % NaCl incubated at 8°C. In most of the cases
both M. viscosa and A. wodanis were cultivated from the same sampling and often in a
relation of 40 to 60 %, or opposite, of the colonies belonging to each of the species. On
the plates with 0.9 % NaCl it was a strong inhibitory effect of the A. wodanis colonies
against the M. viscosa colonies. The colonies of M. viscosa were unusually small in the
vicinity of the larger A. wodanis colonies and the impact seemed to occur both when the
colonies touched each other and when they were separated. The impact seemed clearly
to be something eise than just competition for nutrients. On blood agar plates with 2.5 %
NaCl the inhibitory effect between A. wodanis and M. viscosa was not observed.

The same inhibitory phenomenon produced by A. wodanis can be seen on blood agar
plates when the two bacteria are cross-streaked and inoculated, i. e. strong inhibition at
0.9 % NaCl at both 8°C and 12°C but not at blood plates with 2.5 % NaCl. In addition the
same inhibition of virulence and pathogenicity has been observed in mixed cultures of M.

viscosa and A. wodanis in eukaryotic cell cultures of fish cell lines.
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From some of the diseased smolts a darker colony form of A. wodanis than the regular
one was observed together with the regular colonies of A. wodanis and colonies of M.
viscosa. A potential explanation could be that some A. wodanis cells turned into a biofilm

mode in the fish body.

Both M. viscosa and A. wodanis were cultivated from the head kidney of diseased salmon

smolts in all except for a few.
Ulcers

A major part of the smolts that died had 2 to 5 large ulcers up to 30 to 40 mm in size on
the sides of and at the abdominal side of the body. in particular the skin behind the breast

fins was commonly affected by ulcer and many of them penetrated into the abdomen.

in the vaccination and challenge experiment of Example 3 the seawater was not
disinfected and by Gram-staining it was possible to observe a relatively high level of long,
slender Gram-negative bacteria in addition to Gram-negative shorter rods from the
surface of almost every ulcer. The long slender bacteria could not be cultivated on blood
agar with 2.5 % or 0.9 % NaCl and they are possibly the Tenacibaculum sp. reported by
QOlsen et al. (2011) and probably observed by O’Hallovan et al {1991). The ulcers were
covered by a greyish, 1to 3 mm thick, unorganized layer of soft material that can easily
be removed. This layer is also observed in ulcers seen during field outbreak including in
ulcers healing untif the skin has reccovered a regular structure. [t is relevant to hypothetize
that Tenacibaculum sp. is producing this greysih layer alone or in collaboration with ulcer
fluids from the smolt as a form of a biofilm covering the ulcer and sealing off the ulcer from
the seawater. By cultivation from the ulcers on blood agar it was only growing a few
colonies (3 to 8 colonies often with a mucoid appearance) of other bacteria than M.
viscasa and A. wodanis that produced rich growth on the plates. Then it can be concluded
that Tenacibaculum sp. is a regularly occurring third bacterium occurring in high numbers
in the uicers. By studying the uicers in the vaccine experiment of Example 3 it appears
that Tenacibaculum sp. is contributing to a “biofiim” that inhibit the osmotic exchange of
salt between the physiological 0.9 % of the fish body and the 3 to 4 % salt concentration
in the seawater. This "bio-seal” provides the fish with a protection of osmotic loss of body
water possibly explaining the puzzling observation that winter ulcer fish may live with large
areas of their surface covered by ulcers for weeks and months without suffering from loss

of body water. Another effect of the Tenacibaculum-seal is that the salt concentration in
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the exposed ulcer is kept physiologic making A. wodanis able to continuously inhibit the
virulence of M. viscosa that would otherwise have killed the infected salmon in a much
shorter time as demonstrated in challenge experiments in marine research facilities that
disinfect their intake-water. A side-effect of the inhibitory activity of A. wodanis is that
ulcers of winter ulcer affected saimon in the field may develop to sizes of a hand on large
fish that are infected for months before the water heats up in the spring. In all possible
ways the vaccination experiment of Example 3 has demonstrated that there are three

different bacteria that are present in a classical “winter ulcer” infection.

In conclusion the vaccination trial in Example 3 demonstrated that A. wodanis dominated
the pathogenesis and confrolled the development of both winter ulcer and wodanosis
during the whole trial. The 3 month long experiment was conducted at a seawater
temperature between 9 and 10°C except for a period of two weeks when the seawater
temperature slipped down to 8°C and as a result, with one week of delay, the roles
between A. wodanis and M. viscosa switched into the same scenario as was
demonstrated in the vaccination trial in Example 2 where the water temperature was
permanently at 8°C. Accordingly when the temperature switched back the roles between
A. wodanis and M. viscosa also switched, again with one week delay. A. wodanis seems
to have inhibited the exponential development of the disease from two weeks after the
onset of the combined infections of winter ulcer and wodanosis. This role as inhibitor of
outbreaks of winter ulcer may be considered beneficial to an infected population of farmed
fish but for the extended time period of the outbreak the total loss of fish may be as high
as in a more acute outbreak and in addition the more chronic development of the disease

makes it more difficult to argue for use of antibiotic treatment to control the infection.

The dominating role of A. wodanis was underlined by the result that a vaccine with singly
cultivated A. wodanis protected the salmon smoits best while the vaccine with M. viscosa
cultivated alone did not protect the smolts. The combined vaccine had an intermediate
protection probably caused by the modified outlook of the A. wodanis cells that made it
more difficult for the acquired immune activity to recognize A. wodanis when invading the

smolt.

The reason for the dominating role of A. wodanis in the active development of wodanosis
in Example 3 compared to Example 2 is considered to be the temperature difference
between 8 and 9-10°C.
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A Google survey of seawater temperatures along the Norwegian coast throughout the
year demonstrates that because of the Gulf current the temperatures in the sea pendulate
not much more extremely than between 6-8 and 10-12°C during the four seasons for the
major length of the coast. As recognized by Jensen (2003) and quantitatively identified by
Aunsmo et al. (2008) there is most possibly a similar loss of salmon due to wodanosis
causing septicemia and more rarely fin rot in the summer period of the year as winter
ulcer is causing loss during the cold part of the year. Subsequently this may mean that as
much as 85 % of the loss of smolt during the three first months after sea launch may be

caused by winter ulcer and wodanosis combined.

A vaccine group containing both mono-cultivated M. viscosa and A. wodanis and in
addition physically co-cultivated M. viscosa/A. wodanis at 0.9% NaCl would from these
results potentially protect the smolts better than any of the 3 groups involved in the study.

Example 4

Bath challenge of unvaccinated smolts with both monocultured A. wodanis and co-

culffured M. viscosa and A. wodanis in different relations at 9°C.

Unvaccinated smolts of Atlantic salmon of almost 100 gram in average were split and sea
launched with 34 smolts info each of 3 different tanks of 1400 liter and bath infected for 1

h as in Exampie 3.

For the bath challenge of smolts with single culture of Aliivibrio wodanis (06/09/139, 5426)

the challenge dose of A. wodanis was 1.2 x 10° cfu/ml| sea water.

For bath challenge with mixed cultures of M. viscosa and A. wodanis the concentrations
were 4 x 10° for M. viscosa and 1.2 x 10° for A. wodanis for group Anmix and for group B
the challenge concentrations were 1.3 x 10° cfu/mi for M. viscosa and 9 x 10° cfu/ml for A.

wodanis,

introduction of both A. wodanis and M. viscosa at the same time and with A. wodanis at a
3 times higher concentration than M. viscosa resulted in a very low level of disease
development with only 20 % cumulative mortality after 7 weeks. When A. wodanis was
added to the water at a concentration of 40 % lower than M. viscosa in the water the
mortality was relatively high and the disease was considered acute. Bath challenge with
both A. wodanis and M. viscosa alone at 10°C produced acute disease and high mortality

in both cases.
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This experiment demonstrates that both M. viscosa and A. wodanis can infect as the sole
pathogen through bath challenge at 9°C with high mortality. In combination challenge it is
possibie that there is a relative concentration factor in the relation between the 2 bacteria
that decides how the combined infection will proceed. However, there might be additional
factors that decide the output of combined bath infections. In particular by laboratory
studies on agar plates it seems that A. wodanis can inhibit M. viscosa even in a low
proportion. In Example 1 it was demonstrated that if A. wodanis was challenging the smolt

before M. viscosa the inhibitory effect on M. viscosa was larger.

There is an interesting observation seen in repeated challenge experiments including this
with pure culture of either M. viscosa or A. wodanis that if the seawater is not disinfected
the other Siamesian twin very effectively find its way to the host for making a combined
infection. There are possibly unknown factors that make these two bacteria seek together

for infecting the fish host very effectively under various conditions.

Example 5

Intraperitoneal challenge of unvaccinated smolts with both monocultured A. wodanis (at 8
and 10°C) and M. viscosa (at 10°C) (Fiqure 6 and 7).

Unvaccinated smolts (n=24) of Atlantic salmon of atmost 100 gram in average were
intraperitoneally challenged and sea launched into 2 different tanks of 1400 liter. For
intraperitoneal challenge of 24 smolts with monoculures of M. viscosa (water temp 10°C,
7 smolts) and A. wodanis (17 smolts) (water temp 8°C, 7 smolts and 10°C, 10 smolts) a
total of 1.3 x 107 bacteria of M. viscosa and 8.7 x 107 bacteria of A. wodanis were

inoculated intraperitoneally in a volume of 0.1 mi.

Both bacteria caused high mortality with all fish dead within 2 to 4 days for both bacteria
at 10°C. Also at 8°C A. wodanis is producing a similar dramatic mortality when
intraperitoneal challenge is employed. No ulcers or external symptoms have time to

develop before the smolt is dead after intraperitoneal challenge.

The results show that A. wodanis is fully able fo cause infection at both 8 and 10°C when
challenged intraperitoneally. it was also demonstrated that M. viscosa may cause
infection and be highly virulent at 10°C after ip-challenge. Example 4 and 5 demonstrate
that the co-infection between M. viscosa and A. wodarnis is regulated by temperature at a
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more narrow range than is the case when they are causing winter uicer and wodanosis

separately.

Example 6

Western blot experiments with co-cultured M. viscosa and A. wodanis and monocultured

A. wodanis and M. viscosa aft various temperatures and NaCl concentrations with

antibodies from rabbits challenged with co-cultured M. viscosa and A. wodanis and with

M. viscasa and A. wodanis cultivated as single cultures (Figure 1, 8a, 8b, 9¢ and 9d) .

Antiserum production

Antisera against Moritella viscosa and A. wodanis in single culture and against these
bacteria mixed together before immunization after being cultivated separately and after

being co-cultivated were produced in rabbits.

Bacteria for inoculation were grown in serum broth or on agar plate (0.9% or 2.5% NacCl,
dependent on species) for 24-48h. If the plate were grown, the bacteria are harvested by

scraping and washing the plate with PBS,

Formalin is added to a final concentration of 0.7% and the cultures stored overnight at
4°C.

1001 of each culture is plated out on blood agar (with or without exira salt, dependent on

species) and incubated at a suitable temperature to ensure cell death.

The cultures are then washed twice in phosphate buffered saline (PBS) and resuspended
to an approximate density of McF 1 (1 x 10° cells ml™) and an emulsion 50:50 in Freunds

incomplete adjuvant.

Prior to inoculation blood samples (3-4 ml) are taken from each rabbit.
Rabbits are injected subcutaneously with the antigen suspension.
Injections are given weekly in consecutive doses of 0.4, and 1.0 ml

One week after the final injection the rabbits are bled from the ear (3-4 ml).

Two weeks following bleeding, the immunisation procedure is repeated but with 1.0 ml

doses throughout.
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One week following the final immunisation the rabbit is bied out.

Serial dilutions of the antisera are tested in a slide agglutination assay and compared to

“standard” sera.

A key feature related to the production of antibodies against cold water vibrios is
developed for this project and is probably unique. The cold water vibrio pathogens are not
able to survive at temperatures higher than room temperature and therefore will not
multiply or cause disease in warm-blooded animals as rabbits. Therefore the
combinations of M. viscosa and A. wodanis were injected live but washed directly
subcutaneously in the rabbit. These bacteria will not produce disease or increased
discomfort to the rabbit because the bacteria will die because of the higher body
temperature of the rabbit (38-39°C). In fact the inoculation culture will not develop irritation

caused by remnants of formalin since formalin is not employed.

Bacterial cultures of M. viscosa and A. wodanis used for preparation of antigens for the
SDS-PAGE electrophoresis and transfer to nylon membranes were cultivated at 8 and
12°C and at 0.9 and 2.5 % NaCl to mimick the key environmental factors in the winter
ulcer and wodanosis infections. Standard electrophoresis of SDS polyacrylamide gels was
performed and electroblotting was used for the transfer of antigens to nylon membranes.
Two identical sets of antigens were run on the same gel that was blotted before the nylon
membrane were cut in two and thereby making it possible to run Western blotting with two

differently prepared antibodies on the same set of antigens.
Results

The results demonstrate that a combined cultivation of A. wodanis and M. viscosa
produces a large array of different antigens from both bacteria compared to single
cultivation before a mixture of the two cultures is used for immunization of the rabbit. This
strongly verifies that A. wodanis and M. viscosa both change antigen images after being
cultivated together compared to single culture propagation. In addition it seems that the
number of antigens is clearly larger in co-culture for both bacteria. Also the antigens
detected from single cultured or co-cultured cells seem to be mainly different. This
observation points to that the co-cultivated antigenic “faces” of these bacteria are much

different from their single-cultured counterpart.
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Different A. wodanis and M. viscosa strains from Atlantic salmon from various geographic
areas as Norway, lcetand and Scotland and from Atlantic cod show homologic antigenicity
with little antigenic diversity indicating a strong cross-immunization across geographic

areas and across various infected fish host species.

An important observation from the Western blot studies is that the antigenic faces shifts
clearly when A. wodanis and M. viscosa is cultivated in marine salt conditions (2.5 %
NaCl) or in physiological salt conditions (0.9 % NaCl). This means that the immune
apparatus will struggle to recognize the antigenic outlook of either A. wodanis or M.
viscosa both in the invading situation and in the established infection if not both types of
cultured cells are involved in the vaccine composition. As with co-cultivation contra single
culture propagation there are few common antigens visible on the Western blot gels from

cultures grown at the two different salt concentrations.

A conclusion from the Western blot experiments is that a particularly suitable vaccine with
fully optimal antigen contents contains bacteria from all variants of cultures, i. e. single
cultures and co-cultures of A. wodanis and M. viscosa, and even further optimally at both
about 8 and 12°C and at about 2.5 and 0.9 % NaCl..Alternatively single cultures of both A.
wodanis and M. viscosa and co-culture of both at 0.9% NaCl may be mixed to gain

maximal protection with few cuiture variants mixed).
Example 7
Wodanosis occurring naturally as an acute infection at fow sea temperatures

A vaccine trial with 750 well smoltified Atlantic salmon of 80 to 90 gram split in 250 smolts
in each of 3 tanks of 1400 liter was started with 5 groups of 50 smolts vaccinated with
research vaccines against winter ulcer and wodanosis. The smoits were transferred from
fresh water, anesthetized, vaccinated with 0.1 ml of vaccine or PBS in the negative control
group and then immediately transferred to sea water. No salmon smolt died or
demonstrated clinical behaviour caused by improper smoltification status. Sea water was
pumped from 60 meter depth in a current branch derived originally from the Gulf current of
the North Atlantic Ocean. There was no disinfection of the sea water before entering the

fish tanks. The water temperature varied from 6.5 to 7.5°C during the first 7 weeks.

Results
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One week after vaccination some smolts in one of the tanks started to behave unusually.
The most typical behaviour was a vertical swimming at all levels ending with the mouth in
the water surface and tail down. The same individuals would later “fall” down vertically to
the bottom of the tank lying apparently moribund on the side but suddenly starting an
active swimming ending in the same vertical position in the water. Possibly this activity
could indicate a disease also involving the central nervous system. After a few hours the
affected smolt got moribund and died. By Gram staining and cultivation of material from
the head Kidney it was found a rich pure occurrence of A. wodanis. After a few days the
dead smolts in the affected tank displayed varying degrees of fin rot in particular at the

pectoral fins and on the tail fins, but also to some degree in the other fins.

The mortality was about 3 % per day for 4 weeks reducing the number of smolts with
about 80 %. Every smolt was cultivated and after one week nearly all dead smolts had a
rich occurrence of A. wodanis in pure culture in the head kidney. Every smolt had one or
maore uicer most commonly behind the pectoral fins possibly initiated by physical damage
of the skin from sharp bony spines of the necrotized fins. However a necrosis of the tip of
the mandibular jaw was common developing into complete necrosis of the jaw in a few
cases. Also from the ulcer A. wodanis was isolated in pure culture or dominating a mixed

culture with other small numbers of other bacteria.

After 4 weeks the mortality was reduced but still smolts died every day in the tank with the
same cultivation resulf. In the remaining 2 tanks of the experiment there were also a low
mortality in parallel with the disease in the highly affected tank and the microscopy and
cultivation results demonstrated the same findings of A. wodanis from each of the affected
smolts. There was no difference in occurrence of disease related to the different
vaccination groups most probably because of lack of development of acquired immunity

that is expected to be optimally developed 8 weeks after vaccination.

The results of the early part of Example 7 demonstrate that A. wodanis can cause disease
alone, wodanosis, at low sea water temperatures. The mortality can be high (tank 1) and
tow (tank 2 and 3). This is different from the co-infection between M. viscosa and A.
wodanis when the virulence of both bacteria is reduced and controlled by A. wodanis.

Example 8

Vaccination trial with experimental vaccines consisting of various components of M.
viscosa and A. wodanis cultivated singly or together at high and low NaCl level and high



10

15

20

25

30

CA 02873305 2014-11-12

WO 2013/171236 PCT/EP2013/059972

64

and low temperature level in accordance with results in previous vaccine —challenge
experiments and in particular Example 6 Western blots (Figure 10).

Salmon smolts were Atlantic salmon purchased from University of Environmental and
Biological Sciences, As. The size was varying between 50 and 120 gram and they were
well smoltified ready for sea launch. The smolts were shipped for only 30 minutes and
stored for nearly 2 weeks in fresh water at close to 8 degrees Celsius. The fish were
vaccinated with 6 different experimental vaccines including a negative control with
phosphate buffered saline and an adjuvant control and left in the same tank of 1400 liter
constantly supplied with sea water from 60 meter depth at a volume of from 500 to 800
liter per hour . A volume of 0.1 mi vaccine was injected intraperitoneally approximately
one centimeter in front of pelvis. The smolts were marked with Alcian blue with a manually
operated air pressure driven tattoo pistol in front of and behind the pelvic fins. During

vaccination and transferred {o sea water immediately after vaccination
Experimental vaccines used:
Group 1 (60 smolts) vaccinated with phosphate buffered saline (PBS)

Group 2 (60 smolis) vaccinated with M. viscosa cultivated at 8 degrees Celsius at both 0.9
and 2.5 % NaCl. i.e. one culture comprising M. viscosa cultivated at 8°C at 2.5% NaCl
and one culture comprising M. viscosa cultivated at 8°C at 2.5% were mixed together and

used for the vaccination. These two cultures were mixed evenly.

Group 3 (61 smolts) vaccinated with A, wodanis cultivated at 10 degrees Celsius at both
0.9 and 2.5 % NaCl. one culture comprising A. wodanis cultivated at 10°C at 2.5 NaCl and
one culture comprising A. wodanis cultivated at 10°C at 0.9 % NaCl were mixed together

and used for the vaccination. These two cuitures were mixed evenly.

Group 4 (60 smoits} vaccinated with M. viscosa and A. wodanis cultivated in the same
broth according to an established procedure reported in this document at 8 and 10
degrees Celsius and at both 0.9 and 2.5 % NaCl resulting in 4 different cultures, i.e. one
mixed culture of A, wodanis and M. viscosa cultivated at 8°C and 0.9 % NaCl, one mixed
culture of A. wodanis and M. viscosa cuitivated at 8°C and 2.5 % NaCl, cne mixed culture
of A. wodanis and M. viscosa cultivated at 10°C and 0.9 % NaCl and one mixed culture of
A. wodanis and M. viscosa cultivated at 10°C and 2.5 % NacCl, that were mixed evenly
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Group 5 (55 smoits) vaccinated with M. viscosa and A. wodanis cultivated in the same
broth at 8 and 10 degrees Celsius and at both 0.9 and 2.5 % NaCl as indicated for group
4 and in addition monocultures of M. viscosa and A. wodanis as in Group 2 and 3

resulting in 8 different cultures that were mixed evenly.

Group 6 (60 smolts) vaccinated with only adjuvant prepared in PBS. This adjuvant was
also applied for Group 2, 3, 4 and 5 and consisted of 60 % v/v Curdlan (200 mikrogram
per individual smolt) made from a stock of 10 mg/ml in PBS and 40 % v/v Freunds

incomplete adjuvant.

The vaccine cultures were grown to late logarithmic phase and inactivated by heating the
cultures to 30°C for 16 hours without emptying the cultures from the cuiture flasks and
without adding any extra component. After this heat inactivation at 30°C the viability of the
cultures was controlled by cuitivation on blood agar plates with 2.5 and 0.9 % NacCl before
the cells were spun down and washed in PBS and used directly in the vaccine
preparation. There was no growth of either M. viscosa or A. wodarnis from any of the
cultures after heat inactivation at 30°C. This technique of heat activation cold water vibrios
inactivates the bacterial cells by heat which is low enough to leave proteins and other
antigens with their natural structure configuration theoretically improving the
recognisability of the live bacteria by the acquired immune reaction when the bacteria

approaches the immunized salmon.

Two weeks after vaccination the smolts in alt groups started to die with fin rot and
septicemic infection mainly caused by A. wodanis. From ulcers a mixture of bacteria were
cultivated often with A. wodanis included. The smolis died in a period of 5 weeks before
the mortality ceased. The negative control was reduced with 23 smolts in this period while
the other groups lost 5 smolts for group 2 and about 10 smolts for the remaining groups
indicating an adjuvant protection before the specific protection caused by the vaccine
antigens was developed. The mortality in the tank was low until a pump failure 4 months
after vaccination and between 20 to 30 % of the remaining smolts were lost due to oxygen
deficit.

After 5 months and 1 week a bath challenge with M. viscosa and A. wodanis cultivated in
the same culture at 9 degrees Celsius in 0.9 % NaCl with M. viscosa cultivated in
monoculture at 9 degrees Celsius and 2.5 % NaCl and with A. wodanis cultivated in

monoculture at 9 degrees Celsius with approximately one third of each type of challenge
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culture. The sea water in the tank was lowered to 15% of normal level and oxygenated,
the flow of water was stopped for one hour after the challenge started before the flow was

started and the bacterial cultures were diluted gradually.

After 13 days the first salmon were found dead and an outbreak of typical “winter uicer”
started with both M. viscosa and A. wodanis isolated from the kidney and ulcers
developed in the diseased salmon. Two weeks into the outbreak the temperature of the
water were elevated from 7.5 degrees Celsius to 9.5 degrees Celsius by electrical heating
of the intake water. The heating was continued for 4 weeks. The disease outbreak

continued with ulcers and mortality for two more weeks after the water was heated.
Results

Diseased and dead salmon demonstrated dominating growth of M. viscosa from ulcers
and head kidney in the first half of the outbreak but always together with A. wodanis, while
A. wodanis dominated in numbers on after the heating of the intake water started 2 weeks
into the outbreak. The results from the challenge and outbreak of a co-infection of winter

uicer and wedanosis in Experiment 8 is presented in Figure 10.

Salmon without any vaccine (Group 1) is protected to some extent throughout the
experiment caused by an undisturbed immune apparatus that protects the salmon equally
well against both winter ulcer and wodanosis. The introduction of adjuvant to the salmon
protects the fish the first weeks after vaccination before acquired immunity develops,
however, it is clear that in the first part of the outbreak challenged by bath when M.
viscosa is dominating, the adjuvant is possibly by some redirection of the immune
mechanisms increasing the severity of winter ulcer. In the other half of the combined
winter ulcer and wodanosis outbreak when the temperature is elevated with two degrees
A. wodanis is the dominating pathogen by virulence and the adjuvant seems to protect
against wodanosis alone unspecifically. The same tendency was observed in Experiment
3.

Salmon vaccinated with only M. viscosa seem to be optimally protected against uicers
and death at low temperatures during a co-infection. However at temperatures above 8°C
fish in this group is unprotected against wodanosis and aiready the first days after the
temperature increase and throughout the outbreak the fish in this group seem to be

vulnerable for the wodanosis part of the co-infection.
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Salmon vaccinated against only A. wodanis is clearly vulnerable for getting diseased by
winter ulcer caused mainly by two factors which is the increased risk to be diseased by M.
viscosa when injected with adjuvant intraperitoneally and secondly the effect of
vaccinating against the A. wodanis that regulate down the virulence of M. viscosa at low

temperatures when M. viscosa is most active.

The vaccine with both M. viscosa and A. wodanis cultivated in the same culture protects
the salmon to the same degree against winter ulcer caused by M. viscosa as the reduced
protection obtained by using Freunds incomplete adjuvant. At higher temperatures this
vaccine protects quite well against wodanosis.

A suitable vaccine against ulcers in farmed Atlantic salmon hence seems to be a vaccine
that contains a mixture of antigens produced when M. viscosa and A. wodanis is
cultivated as monocultures or single cultures and as mixed cultures at high and low salt
and high and low temperature. In Example 7 it is shown that wodanosis may occur also at
low temperatures causing high morbidity and mortality at temperatures from below 6 to
7°C. This means that an vaccine may be improved by in additions to the 8 components
included in the research vaccine used in Group 5 in Example 8 contain A. wodanis
cultivated at high and low concentrations of salt at low temperature i.e. in total 10 cuiture
componentis instead of the 8 culture components inciuded in the vaccine in Group 5 of
Experiment 8. It means that acquired immunity at all levels of infection development is
suitabie from both the outer parts of the salmon to the internal organs to protect it from
winter ulcer and wodanosis occurring as mono-infections or as co-infection. From the
results in Lunder et al. 1995 it may be estimated that co-infection between M. viscosa and
A. wodanis occurs in less than one third of the salmon with ulcers while mono-infection
with A. wodanis occurs in more than one third of salmon with ulcers when comparing all
infected individuals. Mono-infection with M. viscosa causes rapid onset of infection with
high mortality as verified in several published challenge studies while a co-infection
between M. viscosa and A. wodanis is causing a disease with longer incubation time and
low mortality as demonstrated in the various experiments of this study and also from field
observations that points to high morbidity but normally low mortality in typical outbreaks of
“winter uicer”. The results of Experiment 7 show that a natural outbreak of wodanosis in
newly sea-launched smolts caused by A. wodanis without involvement of M. viscosa may
have a mortality of 80 % in 4 weeks i.e. a daily mortality rate of about 3 % which is close
to 60 % total mortality that may occur after bath challenges with only M. viscosa (Levoll et
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al. 2008). In summary based on the variation in mortality for mono- and co-infections with
these two pathogens the results of Lunder et al. 1995 may be used to speculate that close
to 40 % of the salmon with ulcer disease caused by M. viscosa and/or A. wodanis are
infected with A. wodanis as the only primary pathogen. M. viscosa and A. wodanis are
based on these speculations causing co-infections in a relatively lower number of the
cases maybe in close to 20 % of the salmon with ulcer disease in an un-vaccinated
population as in Lunder et al. 1995. However, since the virulence of both M. viscosa and
A. wodanis is down-regulated by A. wodanis in a co-infection the number of co-infected
salmon that are diseased but still alive constitutes a relatively large proportion of all the

sampled diseased salmon.

In a commercially vaccinated (vaccine antigens from M. viscosa cultivated as
monoculture) population of Atlantic salmon in aguaculture, the number of cases with
praperly defined winter ulcer caused by M. viscosa alone is low or minimal. In ulcer
disease in a commercially vaccinated population the proportion of diseased salmon with
mono-infection with A, wodanis (wodanosis) is increased at both high and low
temperature (year-round). However, the proportion of diseased individuals with a co-
infection will still be high and possibly dominate if salmon with visible ulcers in a
population with ulcers are sampled alive in the cold periods of the year with sea
temperatures below 9°C. In such a population an investigation of dead salmon will most
probably show a majority of individuals with mono-infection with A. wodanis and these
individuals may not present ulcers or have fewer or smaller ulcers. The majority of the
living but diseased individuals in a population with ulcers vaccinated commercially will still
be infected with M. viscosa but very often in a co-infection with A. wodanis. The reason for
this is that when a co-infection develops between M. viscosa and A. wodanis in a
commercially vaccinated salmon, the antigens presented by the M. viscosa cells are
dramatically changed according to the Western blot experiments (Experiment 6). Because
of this the immune apparatus of the salmon is not able to properly recognize the M.
viscosa cells and eliminate them when the smoit is vaccinated with one of the commercial

vaccines used in the Atlantic salmon farming industry the last 20 years.

In the summer period i.e. when sea temperatures are between 9°C and up to 15 - 16°C
there will be outbreaks with wodanosis causing ulcers but with many dead fish that are not
displaying ulcers or with fewer or smaller ulcers. These ulcers are often initiated by
physical removing of scales and/or creation of small wounds either by contact with nets or
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other equipment or from skin punctures made by eroded sharp bony spines of fins in
smolts with varying degrees of fin rot. M. viscosa seems to create ulcers primarily and
more frequently when it is involved in winter ulcer or more common a mixed infection of
winter ulcer and wodanosis in commercially vaccinated salmon in the colder periods of the
year. This scenario has been puzzling fish bacteriologists, fish heaith personnel and
vaccine companies since the vaccination against winter ulcer started 20 years ago.

Two of the 5 dead fish in Group 5 were only having infection and puncture of the eye on
one side. The rest of the fish body were nice and unaffected by any ulcers. A third salmon
were also looking very nice except for bleedings in the liver and ascites. The two
remaining salmon that died in group 5 where having ulcers like most fish that died in the

outbreak

Experiment 8 verifies that a suitable vaccine against wodanosis and winter ulcer and the
co-occurrence of these diseases contains antigens from 8 or more (12) variant cultures
with M. viscosa and A. wodanis cultured separately and together in a certain balance at
high and low salt to be optimally protecting the Atlantic salmon throughout the production
cycle. The results of Experiment 8 fit well with the large variation of the protein outlook of
M. viscosa and A. wodanis at high and low salt and temperature in the Western blot

studies of Experiment 6.
Summary of the experimental results

Chailenge and vaccine experiments demonstrate that A. wodanis causes a separate
disease, wodanosis, and that M. viscosa causes another separate disease, winter ulcer.
The two bacteria occur together in the cold marine water where fish farming is performed.
In the field situation as under experimental conditions mimicking the field situation it is
demonstrated that the two bacteria act together in a double “siamesic twin” infection in
most situations. The way they interact depends on some factors of which temperature and

salt are important.

Bath challenge studies of unvaccinated smoits at 9 to 10°C with monocultures of A.
wodanis and M. viscosa produces a relatively acute disease in both cases killing most fish
within 1 week after the outbreak starts beginning from 2 days after bath challenge. Bath
challenge with M. viscosa at water temperatures between 6.4 and 7.6°C causes typical
winter ulcer and relatively acute disease development. Bath challenge with A. wodanis at
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this tow temperature causes lower mortality, in one example < 10 % compared to almost
100 % for M. viscosa.

Co-challenge in bath with both A. wodanis and M. viscosa at low temperature reduces the
development of winter ulcer if the A. wodanis is added to the water before M. viscosa and
with increasing degree the earlier in time A. wodanis is added. With 3 hour pre-challenge
with A. wodanis the mortality is reduced from day 6 after challenge and cumulative
mortality was reduced with 10 % after 17 days. Introduction of A. wodanis 8 days before
M. viscosa was introduced in the water reduced the cumuiative mortality to 20 % after 17
days compared to 95% mortality in the groups where both bacteria where introduced in
the water at the same time, the same mortality as was occurring when M. viscosa was the
only bacterium used in the challenge.

At higher water temperatures introduction of both A. wodanis and M. viscosa at the same
time and with A, wodanis at a 3 times higher concentration than M. viscosa resulted in a
very low level of disease development with only 20 % cumulative mortality after 7 weeks.
When A. wodanis was added to the water at a concentration of 40 % lower than M.
viscosa in the water the mortality was relatively high and the disease was considered
acute. Bath challenge with both A. wodanis and M. viscosa alone at 10°C produced acute

disease and high mortality in both cases.

infection studies with A. wodanis and M. viscosa intraperitoneally in unvaccinated Atlantic
salmon smolts as single cultures demonstrate that both bacteria produce high mortality
with all fish dead within 3 to 4 days for both bacteria at 10°C. Also at 8°C A. wodanis is
producing a similar dramatic mortality when intraperitoneal challenge is employed. No
ulcers or external symptoms have time to develop before the smolt is dead after

intraperitoneal challenge.

Vaccination trials demonstrate that a vaccine with A. wodanis grown in single culture is
protecting against wodanosis at high temperature for the acute phase of the disease. A
vaccine with M. viscosa grown in single culture is protecting against winter uicer as the
commercial vaccines against winter ulcer is shown to do under experimental conditions at
low temperatures (< 8°C) but is not protecting against a co-infection between the two
bacteria at 9 to 10°C due to the occurrence of wodanosis. A vaccine with both A. wodanis
and M. viscosa cultivated in a mixed culture is not protecting better than a vaccine with M.

viscosa cultivated alone at low temperature due to the acute phase of winter uicer at this
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stage requiring the simultaneous administration of single culture M. viscosa. The mortality
is the same in both vaccine groups, however the ulcer development is larger in the group
vaccinated with a vaccine of both bacteria grown together possibly because the salmon in
this group were not protected against the wild type non-modulated M. viscosa that are
responsible for the initiation of ulcers. Similarly the same mixed vaccine is only half as

effective as the vaccine with A. wodanis grown as single culture at high temperature.

The vaccination trials demonstrate that both A. wodanis and M. viscosa infect the fish as
unchanged cells before being impacted by physical or a similar contact to the other
“Siamese twin®. M. viscosa is initiating the ulcer development hefore being in contact with
A. wodanis as down-regulator of the virulence. The physical contact in the fish skinfulcer
or in the inner organs of the fish at low salt concentration change the outlook of both
bacteria and A. wodanis turns into the master down-regulator of virulence of M. viscosa at
low temperature. At high temperature A. wodanis continues to down-regulate the
virulence of M. viscosa but is also reducing its own virulence as a result of the physical or
similar contact with M. viscosa. In addition both bacteria change the physical outlook after
being in contact with each other at low salt concentration. A vaccine with the changed
physical outlook of the cells protects the smolts less optimally against winter ulcer and
wodanosis than a vaccine with original outlook of the pathogens. However, for protection
against established and prolonged infection with these two pathogens a vaccine should
contain bacterial antigens from cells from both single cultures and mixed culiures between
A. wodanis and M. viscosa cultivated at high and low temperature and high and low salt

concentration.

Wodanosis caused by A. wodanis alone may occur as outbreaks with high mortality at low
temperatures down to and below 6 degrees Celsius especially when predisposing factors
make small wounds to the skin caused for exampie by eroded fin spines caused for
example by fin rot caused by other bacteria as Tenacibaculum spp. or mechanical injuries

as to the mandibula in crowded or socially stressed conditions.
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CLAIMS

1. A composition comprising inactivated bacteria of Alliivibrio wodanis (A.
wodanis) and a carrier, for use in the treatment and/or prevention of wodanosis
characterized by septicemic infection resulting in one or more of ascites, mottled
liver, swollen spleen, skin ulcers, and fin rot.

2. The composition for use according to claim 1, wherein the fin rot is on a base
of a tail fin and a back fin.

3. The composition for use according to claim 1 or 2, wherein said composition
comprises inactivated bacteria of one or more single culture(s) of A. wodanis.

4, The composition for use according to any one of claims 1 to 3, wherein said
composition further comprises inactivated bacteria of one or more single culture(s)
of Moritella Viscosa (M. viscosa).

5. The composition for use according to any one of claims 1-4, wherein said
composition comprises inactivated bacteria of one or more mixed culture(s) of A.
wodanis and M. viscosa.

6. The composition for use according to any one of claims 1-5, wherein said
inactivated bacteria have been cultivated at a temperature of 7-12°C.

7. The composition for use according to claim 6, wherein the temperature is 7-
8°C.

8. The composition for use according to claim 6, wherein the temperature is 10-
12°C.

9. The composition for use according to claim 6, wherein the temperature is 7,

8,9, 10, 11, or 12°C.

10. The composition for use according to any one of claims 1-9, wherein said
inactivated bacteria have been cultivated at a salt concentration of about 0.9% w/v.

11. The composition for use according to any one of claims 1-9, wherein said
inactivated bacteria have been cultivated at a salt concentration of 2-4% w/v.

12. The composition for use according to any one of claims 1-9, wherein said
inactivated bacteria have been cultivated at a salt concentration of about 2.5% w/v.
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13. The composition for use according to any one of claims 10-12, wherein the salt
concentration is a sodium salt concentration.

14. The composition for use according to any one of claims 1-13, wherein said
inactivated bacteria have been inactivated by one or more of chemicals, heat and
radiation.

15. The composition according to claim 14, wherein the chemicals are one or
more of formalin and antibiotics.

16. The composition for use according to any one of claims 1-15, said
composition further comprising an adjuvant and/or a pharmaceutically acceptable
excipient.

17. The composition for use according to any one of claims 1-16, wherein said
composition further comprises one or more extracellular products of said
inactivated bacteria.

18. The composition for use according to any one of claims 1-17, wherein said
composition is produced by a method comprising the steps of:

a) separately cuitivating one or more single culture(s) of A. wodanis,
and/or one or more mixed culture(s) of A. wodanis and M. viscosa and
optionally one or more single culture(s) of M. viscosa,

b) inactivating bacteria of the culture(s) from step a),

c) optionally combining the separate cultures of said inactivated bacteria
of step b) into one or more composition(s), and

d) preparing one or more composition(s) of said inactivated bacteria from
one or more culture(s) of step b) or from one or more of the composition(s)
of step ¢),

wherein the cultivation of bacteria in step a) is performed at a temperature of 7-
12°C.

19. The composition according to claim 18, wherein the temperature is 7-8°C.
20. The composition according to claim 18, wherein the temperature is 10-12°C.

21. The composition according to claim 18, wherein the temperature is 7, 8, 9,
10, 11, or 12°C.
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22. The composition for use according to claim 18, wherein an additional step is
performed before step b) wherein to one or more single culture of bacteria of
A.wodanis or M. viscosa cultivated in step a) extracellular products obtained from
one or more mixed culture with bacteria of M. viscosa and A. wodanis are added to
said single culture.

23. The composition for use according to any one of claims 1-22, wherein said
composition is for administration by intraperitoneal administration, by bath
vaccination or by oral vaccination.

24. The composition for use according to any one of claims 1-23, wherein said
composition is for administration to a salmonid (Sa/lmonidae), an Atlantic cod, a
Turbot, or a fish of the species Labridae.

25. The composition for use according to claim 24, wherein the salmonid is an
Atlantic salmon.

26. The composition for use according to claim 24, wherein the salmonid is a
rainbow trout.

27. The composition for use according to claim 24, wherein the composition is for
administration to an Atlantic cod.

28. The composition for use according to claim 24, wherein the composition is for
administration to a turbot.

29. The composition for use according to claim 24, wherein the composition is for
administration to a fish of the species Labridae.

30. Use of a composition as defined in any one of claims 1-29, in the
manufacture of a medicament for the treatment/and or prevention of wodanosis
characterized by septicemic infection resulting in ascites, mottled liver, swollen
spleen, skin ulcers, and/or fin rot in a fish.

31. The use according to claim 30 wherein the fin rot is on the bases of the tail fin
and back fin.

32. The use according to claim 30, wherein said composition is for administration
by intraperitoneal administration, by bath vaccination or by oral vaccination.
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33. The use according to any one of claims 30-32, wherein said composition is
for administration to a salmonid (Sa/monidae), an Atlantic cod, a turbot, or a fish of
the species Labridae.

34. The use according to claim 33, wherein the salmonid is a salmon.

35. The use according to claim 33, wherein the salmonid is an Atlantic salmon.

36. The use according to claim 33, wherein the composition is for administration
to a rainbow trout.

37. The use according to claim 33, wherein the composition is for administration
to an Atlantic cod.

38. The use according to claim 33, wherein the composition is for administration
to a turbot.

39. The use according to claim 33, wherein the composition is for administration
to a fish of the species Labridae.

40. Use of one or more compositions as defined in claims 1 -29 for the
prevention and/or treatment of winter ulcer and/or wodanosis characterized by
septicemic infection resulting in ascites, mottled liver, swollen spleen, skin ulcers,
and/or fin rot on the bases of the tail fin and back fin in a fish, comprising
administration of an effective amount of one or more composition(s) as defined in
any one of claims 1-29 to a fish, in order to trigger an immune response in said
fish.

41. The use according to claim 40, wherein said fish is a salmonid (Sa/monidae),
an Atlantic cod, a turbot or a fish of the species Labridae.

42. The use according to claim 41, wherein the salmonid is a salmon.

43. The use according to claim 41, wherein the fish is an Atlantic salmon.
44, The use according to claim 41, wherein the salmonid is a rainbow trout.
45. The use according to claim 41, wherein the fish is an Atlantic cod.

46. The use according to claim 41, wherein the fish is a turbot.

47. The use according to claim 41, wherein the fish is of the species Labridae.
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48. The use according to any one of claims 40-47, wherein said administration is
by intraperitoneal injection, by bath vaccination, or by oral vaccination.

49, A vaccine composition comprising inactivated bacteria obtained from:

a) one or more single culture(s) of A. wodanis cultured at a temperature of
about 10°C, and at a sodium salt concentration of about 0.9% w/v salt,

b) one or more mixed culture(s) of A. wodanis and M. viscosa cultured at a
temperature of about 10°C and at a sodium salt concentration of about 0.9% w/v,
and

c) optionally one or more single culture(s) of M. viscosa cultured at a
temperature of about 10°C and at a sodium salt concentration of about 0.9% w/v,
for use in the treatment and/or prevention of winter ulcer and/or wodanosis
characterized by septicemic infection resulting in ascites, mottled liver, swollen
spleen, skin ulcers, and/or fin rot.

50. The vaccine composition according to claim 49 wherein the fin rot is on a base
of a tail fin and a back fin.

51. A vaccine composition comprising inactivated bacteria obtained from:

a) one or more single culture(s) of M. viscosa cultured at a temperature of

about 8°C and a sodium salt concentration of about 0.9% w/v salt,

b) one or more single culture(s) of M. viscosa cultured at a temperature of

about 8°C and a sodium salt concentration of about 2.5% w/v salt,

c) one or more single culture(s) of A. wodanis cultured at a temperature of
about 10°C and a sodium salt concentration of about 0.9% w/v,

d) one or more single culture(s) of A. wodanis cultured at a temperature of
about 10°C and a sodium salt concentration of about 2.5% w/v,

e) one or more mixed culture(s) of M. viscose and A. wodanis cultured at a

temperature of about 8°C, and a sodium salt concentration of about 0.9% w/v,
f) one or more mixed culture(s) of M. viscosa and A. wodanis cultured at a

temperature of about 8°C and a salt concentration of about 2.5% w/v,

g) one or more mixed culture(s) of M. viscosa and A. wodanis cultured at a

temperature of about 10°C and a salt concentration of about 0.9% w/v, and

h) one or more mixed culture(s) of M. viscosa and A. wodanis cultured at a

temperature of about 10°C and a sodium salt concentration of about 2.5% w/v.

52. The vaccine composition according to claim 51, further comprising

i) inactivated bacteria obtained from one or more single culture(s) of A.
wodanis cultured at a temperature of about 8°C and a salt concentration of about
2.5% w/v.

53. The composition according to claim 51 or 52, further comprising
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j) inactivated bacteria obtained from one or more single culture(s) of A.
wodanis cultured at a temperature of about 8°C and a sodium salt concentration of
about 0.9% w/v.

54, The vaccine of any one of claims 51-53, further comprising
k) inactivated bacteria obtained from one or more single culture(s) of M. viscosa
cultured at about 10°C, and at a sodium salt concentration of 2.5% w/v salt.

55. The vaccine of any one of claims 51-54 further comprising

)] inactivated bacteria obtained from one or more single culture(s) of M. viscosa
cultured at about 10°C and at a sodium salt concentration of about 0.9% w/v salt,
for use in the treatment and/or prevention of winter ulcer and/or wodanosis
characterized by septicemic infection resulting in ascites, mottled liver, swollen
spleen, skin ulcers, and/or fin rot.

56. The vaccine of claim 55 wherein the fin rot is on a base of a tail fin and a back
fin.

57. The composition for use according to any one of claims 1-29, further
comprising an adjuvant.

58. The composition for use according to any one of claims 1-29, further
comprising a pharmaceutically acceptable excipient.

59. The composition as defined in any one of claims 1-29, for use as a vaccine.

60. Use of a composition as defined in any one of claims 1-29, for the
manufacture of a vaccine.

61. The composition as defined in any one of claims 1-29, for use in the
treatment and/or prevention of wodanosis in fish.

62. Use of a composition as defined in any one of claims 1-29, for the
manufacture of a medicament for the treatment and/or prevention of wodanosis in
fish.

63. The composition as defined in any one of claims 3-29, for use in the
treatment and/or prevention of winter ulcer in fish.

64. Use of a composition as defined in any one of claims 3-29, for the

manufacture of a medicament for the treatment and/or prevention of winter ulcer in
fish.
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