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ABSTRACT

The present invention provides NAD-independent Mycoplasma synoviae of strain MS1.

The invention also refers to microbiological cultures comprising Mycoplasma synoviae of

this strain. Next to this, the invention refers to live vaccines derived from these strains, for
the protection of poultry against Mycoplasma synoviae infection. Furthermore, the inven-
tion provides methods for the preparation of such vaccines. Also, the use of NAD-
independent Mycoplasma synoviae strains for the preparation of live véccines for the

protection of poultry against Mycoplasma synoviae infection is disclosed.
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Non-virulent Mycoplasma synoviae and vaccine thereof.

Mycoplasma synoviae Is a mycoplasma that is highly infectious to poultry. Mycoplasma
synoviae infection is a severe problem in the vast maijority of broiler breeder and layer n-
dustries. It also often appears in turkey flocks.

Disease caused by Mycoplasma synoviae leads to a decrease in body weight gain and
loss of egg production. Morbidity in both chickens and turkeys usually varies between 5-

15%. Mortality in chickens is usually low, but may be significant in turkey flocks due t0

trampling and cannibalism.
Infectious synovitis was first seen at large scale primarily in chickens in growing birds be-

rween 4-12 weeks of age in broiler-growing regions in the USA between 1950 and 1960.
During that time, the disease was for the first time described and associated with a my-
coplasma (Olson et al.; Poult. Sci. 33: 1075 (1954) and Olson et al.; Am. J. Vet. Res. 17:
747-754 (1956)).

Transmission of the infection occurs through the respiratory tract. Natural infection is seen
from one week of age in chlckens and usually between 10-24 weeks In turkeys.
Mycoplasma synoviae infection may occur as a subclinical upper respiratory infection, but
can also lead to severe airsacculitis. In other cases, Mycoplasma synoviae becomes sys-
temic and results in infectious synovitis, an acute to chronic infectious disease in chickens
and turkeys. This disease IS characterised by infection of the synovial membranes of
joints and tendon sheaths, producing an exudative synovitis, tenovaginitis or bursitis.
Especially problematic Is the fact that during vaccination against Newcastle disease or
infectious Bronchitis (or other respiratory poulitry pathogens), a standard procedure in al-
most all chicken-producing countries, animals carrying a M. synoviae-infection are also
vaccinated. In these M. synoviae infected animals the ND- and |BV-vaccinations often
trigger respiratory infection and air sac infection (Kleven et al.; Avian Dis. 16: 915-924
(1972), Springer et al.; Infect. Immun. 10: 578-589 (1974)). It is clear, that M. synoviae
infection, both as a synovial infection and as a respiratory infection, causes great eco-
nomic damage to the pouitry industry. Therefore, efficient vaccines against M. synoviae

would be highly appreciated.
So far only inactivated Mycoplasma synoviae vaccines are used in the field. US Pat. Nr.

3,917,819 dlscloses an inactivated vaccine against mycoplasma infections. These vac-

cines however are expensive, since relatively large amounts of antigenic material are
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necessary to trigger a sufficient inmune response. Moreover, all inactivated vaccines
have to be manually applied by e.g. eye-drop or parenteral route, requiring individual
handling of each individual animal. This is a very labour intensive method of vaccination.
Live attenuated vaccines are more desirable, because they have several advantages over
nactivated vaccines. First of all. they may comprise less antigenic material because they
are self-replicating. Moreover, they give a better protection because they closely mimic

the natural infection. As a basis for live Mycoplasma synoviae vaccines, live attenuatec
Mycoplasma synoviae strains are needed. Only one specific live attenuated strain has

been described (Nonomura et al.; Avian Dis. 26: 763-775 (1982)) but no live attenuated
vaccine based on this strain has been put on the market. The live attenuated strain by

Nonomura, as well as wild-type strains, has the disadvantage, that it must be grown on
culture medium containing Nicotinamide Adenine Dinucleotide. This is an expensive com-
ponent, that can in addition not be sterilised by heating, thus making culture medium
preparation more complex. NAD-independence is therefore a highly advantageous fea-
ture.

Strains that are adapted to nicotinamide (NIC) instead of NAD are described by DaMassa
(DaMassa, A.J. and Adler H.E.; Avian Diseases 19: 544-555, (1975)). These strains how-

ever have the disadvantage that they have their original virulence, which makes them not

suitable as a basis for live attenuated vaccines.
In addition. the live attenuated strain described by Nonomura, just like the inactivated

vaccines, has the disadvantage that it must be administered by dropping into the nostrils

of each individual animal. As mentioned before, this is a very labour intensive method of

vaccination.
Therefore, a live attenuated strain effective if administered by spraying, and capable of

growth on an NAD-free medium is highly desired.
It is an object of the present invention to provide such an NAD-independent live atternu-

ated Mycoplasma synoviae strain. It is another object of the invention to provide vaccines

based on such strains.

These objects are met by the present invention in that it provides a live attenuated Myco-

plasma synoviae of strain MS1, deposited with the Collection Nationale de Cultures de

———
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Microorganismes of the Institut Pasteur, 25, Rue du Docteur Roux, 75724 Paris CEDEX
15, France, under No 1-1787, on November 21, 1996.

This strain, that was derived from an NAD-dependent strain, has been adapted to growth

on NAD-free mycoplasma growth medium.

The strain MS1 according to the present invention can be grown in modified Adler me-
dium (H.E.Adler, R. Yamamoto and S. Bankowski, (1954) Am. J. Vet. Res. 15: 463-465)

The modification consists in replacing Bacto PPLO broth by protease peptone (Difco),

horse serum by porcine plasma, and by the addition of nicotinamide to a final concentra-
tion of 0.01%.

The present invention also relates to a microbiological culture comprising live attenuated
Mycoplasma synoviae of the strain according to the present invention. Such a microbi-
ological culture can easily be obtained by prepanng a culture medium as described
above, and inoculating this medium with a few mycoplasmas of the deposited strain. It is
obvious, that also other suitable media known in the art can be used for growing the strain
according to the present invention. Also, although the strain of the present invention is

NAD-independent, it is still possible to add NAD to the culture medium if desired.

The present invention also provides live vaccines for the protection of poultry against My-

coplasma synoviae infection that have the unique feature that they comprise live attenu-

ated Mycoplasma synoviae according to the present invention.

Vaccines according to the invention can be given to animals from one day of age on.
Vaccination against another type of mycoplasma; M. gallisepticum is given at 6 weeks of
age, and can thus efficiently be combined with M. synoviae vaccine according to the in-

vention. Therefore, a vaccine according to the invention can be given efficiently at 6

weeks of age.

>
In another embodiment, the vaccine according to the present invention comprises at least
one other antigen from a virus or micro-organism pathogenic to poultry.

Such a combination vaccine has the advantage that it provides immunisation against mu-

tiple pathogens with one single vaccination.
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The antigen may be a protein, a glycoprotein, a polysaccharide, a lipopolysaccharide or
any other antigen or any combination thereof, that is capable to induce a response in the

immune system.
Also, whole live attenuated or inactivated organisms can be used as antigenic material.

In particular, the other poultry pathogens are selected from the group consisting of infec-
tious Bronchitis virus, Newcastle Disease virus, Infectious Bursal Disease (Gumboro),
Chicken Anaemia agent, Avian Reovirus, Chicken Poxvirus, Avian Encephalomyelitis V-
rus, Turkey Rhinotracheitis virus, Mycoplasma gallisepticum, Haemophilus paragallinarum

(Coryza), Pasteurella multocida (Fowl Cholera), Omithobactenum rhinotracheale and Es-

cherichia coli.

The vaccine can be given in all manners known for the administration of live vaccines. It
can e.g. be given intraocularty, intranasally, intratracheally or orally. Parenteral admini-
stration is also possible. Since transmission of the infection occurs via the respiratory
tract, vaccination trough the respiratory tract closely mimics the natural way of infection. A
specific advantage of the live vaccine based on Mycoplasma synoviae of strain MS1 is,
that it allows spray-vaccination. Spray-vaccination is the easiest way of administration
when vaccinating through the respiratory tract: it allows the vaccination of large numbers
of animals at the same time by simply nebulising the vaccine strain in the presence of the
animals to be vaccinated. The easiest way of spray-vaccination is spraying the live vac-
cine with a nebuliser. Such a nebuliser provides microscopic droplets comprising the live
vaccine. If these vaccine-droplets are inhaled by the animals to be vaccinated they pene-
trate the respiratory tract, and thus advantageously mimic the natural infection. Any kind

of nebuliser commonly used for vaccination of poultry will do. This method is also a very

efficient one because time-consuming individual handling of the animals to be vaccinated
is not necessary. Therefore, in an even more preferred form, vaccines according to the
invention comprise a carrier that is suitable for spray-vaccination. Such a carrier may be
as simple as water, or can be e.g. a physiological salt solution or culture medium.

A very suitable amount of Mycoplasma synoviae for spraying in an isolator of 1 cubic me-

tre varies between 10° and 10"" Colour Changing Units (CCU).
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Optionally, one or more compounds having adjuvant activity may be added to the vaccine.
Adjuvantia are non-specific stimulators of the immune system. They enhance the immune
response of the host to the invading pathogen. Therefore, in a still even more preferred
form. the vaccines according to the present invention comprises an adjuvant.

Examples of adjuvantia known in the art are Freunds Complete and Incomplete adjuvant,
vitamin E, non-ionic block polymers, muramyldipeptides, ISCOMs (immune stimulating

complexes, cf. for instance European Patent EP 109942), Saponins, mineral oil, vegeta-

ble oil, and Carbopol (a homopolymer).
Adjuvantia, specially suitable for mucosal application are e.g. the E. coli heat-labile toxin

(LT) or Cholera toxin (CT).
Other suitable adjuvants are for example aluminium hydroxide, phosphate or oxide, oil-

emulsions (e.g. of Bayol F (R) or Marcol 52 (R), saponins or vitamin-E solubilisate.

The live vaccine according to the present invention can be prepared by mixing Myco-
plasma synoviae of strain MS1 with a pharmaceutically acceptable carrier.

Often, the vaccine is additionally mixed with stabilisers, e.g. to prdtect degradation-prone
polypeptides from being degraded, to enhance the shelf-life of the vaccine, or to improve
freeze-drying efficiency. Useful stabilisers are i.a. SPGA (Bovarnik et al; J. Bacteriology
59: 509 (1950)), carbohydrates e.g. sorbitol, mannitol, trehalose, starch, sucrose, dextran
or glucose, proteins such as albumin or casein or degradation products thereof, and buff-
ers. such as alkali metal phosphates. It goes without saying, that other ways to stabilise

the vaccine by adding compounds are also embodied in the present invention.

The vaccine according to the present invention can be kept in storage using methods

known in the art for storing live vaccines. Storage can e.g. be done at sub-zero tempera-

ture.

Freeze-drying also is a known and suitable method for the conservation of live vaccines.
Freeze-drying has the advantage, that it stabilises the vaccine so that it can be kept in

stock at temperatures well above those necessary to keep non-freeze-dried stocks.
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The live vaccine according to the present invention can be freeze-dried very efficiently,

especially when it is mixed with stabilisers such as those mentioned above before freeze-

drying.
Therefore. in the most preferred embodiment, the live vaccine is in a freeze-dried form.

in order to make the freeze-dried vaccine ready for use, it suffices to add water to the

freeze-dried vaccine.

In addition, antibiotics such as ampicillin or tertracyclin may be added to the vaccine.

Furthermore. the invention provides methods for the preparation of live Mycoplasma
synoviae vaccines. Such methods comprise mixing Mycoplasma synoviae according to
the present invention with a pharmaceutically acceptable carrier. Pharmaceutically ac-
ceptable carriers include carriers that are not harmful to health and in addition carriers
where the negative effect on health is counterbalanced by the beneficial effect of vaca-

nation. A pharmaceutically acceptable carrier is e.g. be a physiological salt solution.

Further the invention relates to the use of Mycoplasma synoviae according to the present

invention for the preparation of live vaccines for the protection of poultry against Myco-

plasma synoviae infection.

EXAMPLES

Example 1: Preparation of vaccine batch.

One ampoule comprising 107 CCU of lyophilised MS1 was used to inoculate 20 mi of
modified Adlers medium (see above). After overnight incubation at 37 °C, 1:10 and 1:100
subcultures were prepared in 100 mi of medium, followed by overnight incubation at 37

°C. Then, the 1:10 and 1:100 subcultures were mixed, and used as a spray vaccine.
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Example 2; safety-tests and vaccination challenge tests.

In order to test the safety of the strain MS1, chickens were experimentally vaccinated as

follows:
Chickens were spray vaccinated using a paint sprayer. The sprayer was filled with 100 ml
of the above described vaccine. About 100 ml of the vaccine was sprayed per 1 T isola-

tor.
About 10 ml of the vaccine was sprayed per animai.

Experimental animals
Thirty-five SPF laying hens (Intervet) and thirty-five Hyline brown laying hens (Interbroed)

were housed in isolators. The animals were observed daily.
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Experimental design

Six groups of chickens were used:

MS1 vaccination

At 6 weeks of age, the animals in groups B and E were spray vaccinated with a MS1 cul-
ture according to Example 1. Ten days later, 5 animals of groups A, B, D and E were ne-

cropsied to evaluate the safety of MS1.

Challenge
The chickens in groups B, C, E and F were challenged with the virulent F10 strain at 9

weeks of age, followed by necropsy of all animals 10 days later.
The animals were primed by administration of a Newcastle disease strain three days be-

fore M. synoviae challenge.
M. synoviae strain FjO was obtained from Dr. S.H. Kleven, University of Georgia, Athens

~ GA and cultured in Frey’s medium (Frey et al.: Am. J. Vet. Res. 29: 2163-2171 (1963)).
One ampoule of F10 (26-10-1995 P2, 1 ml, stored frozen at -70 °C) was used to inoculate

10 ml of medium. After 48 h of incubation at 37 °C, 1:10, 1:100 and 1:1000 subcultures
were made in 100 mi of medium and incubated overnight at 37 °C. The challenge culiture
was prepared by mixing the 1:10 and 1:100 subcultures, and administered by paint
sprayer (100 ml per isolator). The CCU count of the challenge mixture was determined.

The animals in groups A and D received the ND virus followed by a 50 ml spray of Frey's

medium 3 days later.
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Serology
Serum samples were taken 1 week before vaccination, at the time of challenge and at ne-

cropsy. The samples were tested for M. synoviae aggiutinating antibodies with M.

synoviae antigen Nobilis (Intervet, batch MSG508).

CCU determination .
The numbers of viable organisms in the M. synoviae cultures were titrated by preparing

serial 10-fold dilution’s in 1 ml of culture medium, followed by 10 days of incubation at 37

°C. The highest dilution giving a colour change of the indicator in the medium was used to

calculate CCU/ml.

Post-mortem examination
At necropsy, the chickens were examined for signs of tracheitis and synovitis, and airsac-

culitis was scored as described (Kleven et al.; Avian Dis. 16: 915-924 (1972)):
no lesions

slight cloudiness of the air sac membranes
thickened membranes with small accumulations of cheesy exudate

thickened membrane with large accumulations of cheesy exudate in 1 air sac

HOW N 20O

as in 3, but lesions found in 2 airsacs or more
Trachea, air sac and hock joint swabs were cuitured for M. synoviae. Re-isolation of M.

synoviae was confirmed by PCR (Lauerman et al.; Avian Dis. 37: 829-834 (1993)).

RESULTS

Safety of MS1

All animals were tested for antibodies against M. synoviae 7 days before vaccination, and
no positive reactors were found. At 6 weeks of age, the chickens in groups B and E were
spray vaccinated with a MS1 culture containing 10° CCU/m!. No clinical abnormalities
were observed following vaccination. Ten days post vaccination, 5 animals of groups B

and E and 5 unvaccinated controls of groups A and D were necropsied. No signs of tra-

cheitis. airsacculitis (score = 0), synovitis or other abnormalities were found. All 15 chick-

-
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ens in group E and 13 out of 15 in group B haa developed antibodies to M. synoviae at 10

days post vaccination as measured by serum plate agglutination (Table 1).

Efficacy of MS1
At the time of challenge (i.e. 21 days post vaccination), antibody levels in vaccinated

chickens were high (Table 1). For the challenge of the chickens in groups B C,EandF,
an F10 culture containing 10® CCU/mI was used. As shown in Table 2, airsacculitis scores

were significantly lower in the vaccinated chickens (groups B and E) than in challenge
control chicken. Tracheitis was observed in 2 group A chickens and 2 chickens of group

C. Swollen spleens were found in 2 animals in group A, 1 in group B, 7 in group C,1in
group D and 5 in group F. No animals in group E had swollen spleens. Two animals in

group C and 1 in group F suffered from pneumonia.
M. synoviae could be re-isolated from the tracheas and airsacs of animals in all chal-

lenged groups (Table 3). No differentiation between vaccine or challenge strain re-

isolation was made. Nevertheless, no M. synoviae was isolated from hock joints of vacci-
nated chickens, compared to positive cultures in 1 animal in group C and 3 in group F. No

other species of mycoplasma were isolated.

Table 1: Serum plate agglutination results. Groups B and E were vaccinated with
MS1 at 6 weeks of age (t=0), C and F were unvaccinated controls. Groups B,C,Dand E
were chéllenged with F10 on t=21 and necropsied on t=31d. Sera were tested with M.

synoviae antigen Nobilis (maximum agglutination score: ++++).

Group C | t=21d t=31d

+++

t=31d

++++

t=21d

++++

Group B | t=-7d t=10d

+++

t=31d

+++

t=31d t=21d

++++

t=21d Group F

++++

t=10d

++++

Group E| t=-7d

[ III”III |II|I|



CA 02222482 1997-11-27

11

Table 2:  Airsacculitis score® 10 d after F10 challenge.

A,D: unvaccinated and unchallenged; B,E: vaccinated and challenged; C,F:

unvaccinated and challenged

SPF Hyline-brown
Animal B (vac) C(chall) cont) E (vac) | F (chall)
v !
0
1
1

o8

N

-
N
o

N
©
-
o
-~

Y
W

*  maximum score: 4
°- significantly (p<0.01) different from unvaccinated challenged control group (Kruskal-

Wallis test)

Table 3. M. synoviae re-isolation rates

SPF Hyline-brown

l

8/10 9/9 0/5 719 10/10
5/10 4/9 0/5 3/9 9/10
0/10 1/9 0/5 0/9 3/10

trachea

air sac

hock joint

%  nd: not done
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Example 3: efficacy of vaccine in response to the dose given.

In order to tests the efficacy of the vaccine over a large range of doses, the following ex-

periment was done:

Experimental design
Four groups of chickens were used:

Group n vaccination F10 challenge
A 10 MS1 (1:100) +
B 9 MS1 (1:10,000) +
C 10 - +
D 5 - -

At 6 weeks of age, the animals in groups A and B were spray vaccinated with an MS1
vaccine. Three weeks post vaccination, the animals in groups A, B and C were challenged

with the virulent F10 strain after priming with ND virus as described above. All chickens

were necropsied 10 days post challenge.

Experimental animais
Thirty four SPF laying hens (Intervet) were housed in isolators. The animals were ob-

served daily. One of the group B and one of the group C animals died before challenge.

Vaccination
Vaccine was prepared by lyophilization of a culture of strain MS1. Before spray vaccina-

tion, the content of 1 vial of lyophilized vaccine was resuspended in 100 ml of phosphate
buffered saline solution (1:100 diluted vaccine). From this vaccine a 1:100 dilution was

prepared in phosphate buffered saline solution (1:10,000 diluted vaccine). Chickens were
vaccinated by fine spray (100 mi of vaccine dilution per isolator). The MS1 concentrations

in the final vaccine dilutions were determined by CCU count.
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RESULTS

The chickens were vaccinated with vaccines containing 10° CCU/mi (group A) and 10°

CCU/ml (group B). Three weeks post vaccination the vaccinated chickens and unvaca-

nated controls were challenged with a M. synoviae F10 culture containing 10" CCU/ml. At

necropsy, protection against airsacculitis was observed in both vaccinated groups (Table

4)

Table 4: Airsacculitis score 10 d after F10 challenge
A: vaccinated at 10° CCU/m!: B: vaccinated at 10° CCU/mi; C: unvacci-

nated and challenged; D: unvaccinated and unchallenged.

Group

A (1:100 vac) D (cont)

B (1:10,000

Animal .C (chall)

vac)

o

-
W
4
)
O)
o
N
W

)
- N W N W N N

Mean
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®- significantly (p<0.01) different from unvaccinated challenged control group

® p=0.10

CONCLUSION:
The NAD-independent strain according to the present invention was a-virulent for 6 weeks

old chickens after spray vaccination, demonstrated by the absence of any clinical abnor-
malities at necropsy 10 days post vaccination with a culture containing 10° CCU/m.
Challenge with a culture of the virulent F10 strain at 10° CCU/mlI at the age of 9 weeks on

the other hand resulted in severe airsacculitis in non-vaccinated chickens at 10 days post

challenge.
Protection against challenge with the F10 strain was found in both SPF and commercial

Hyline brown chickens, in a very broad dose-range. Airsacculitis scores were reduced,
and no M. synoviae was isolated from the joints of vaccinated birds. The number of birds

showing megalosplenia was also higher in the unvaccinated challenged controls.
It can therefore be concluded that vaccines based on the Mycoplasma synoviae strain

according to the present invention are safe and efficacious.
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CLAIMS

1. Live attenuated Mycoplasma synoviae characterised in that it is of the strain MS1 as

deposited under No |-1787.

2 Microbiological culture comprising the live attenuated Mycoplasma synoviae according

to claim 1.

3. Live vaccine for the protection of poultry against Mycoplasma synoviae infection, char-

acterised in that said vaccine comprises attenuated Mycoplasma synoviae according to

claim 1.

4. Vaccine according to claim 3, characterised in that it further comprises at least one

other antigen from a micro-organism or virus pathogenic to poultry.

5. Vaccine according to claim 4, characterised in that the micro-organism or virus Is se-
lected from the group consisting of Infectious Bronchitis virus, Newcastle Disease virus, |
Infectious Bursal Disease (Gumboro), Chicken Anaemia agent, Avian Reovirus, Chicken
Poxvirus, Avian Encephalomyelitis virus, Turkey Rhinotracheitis virus, Mycoplasma gal-

lisepticum, Haemophilus paragallinarum (Coryza), Pasteurella multocida (Fowl Cholera),

Ornithobacterium rhinotracheale and Escherichia coli.

6. Live vaccine according to claims 3-5, characterised in that the vaccine comprises a

carrier suitable for spray-vaccination.

7. Live vaccine according to claims 3-6, characterised in that the vaccine comprises an

adjuvant.

8. Live vaccine according to claims 3-7, characterised in that the vaccine is in a freeze-

dried form.
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9. Method for the preparation of a live vaccine according to claims 3-8, characterised in

that said method comprises mixing the Mycoplasma synoviae according to claim 1 with a

pharmaceutically acceptable carrier.

10 Use of the Mycoplasma synoviae strain according to claim 1 for the preparation of a

ive vaccine for the protection of poultry against Mycoplasma synoviae infection.

Fetherstonhaugn & oo
Otiawa, Canada
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