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* All control ponies were euthanased by day 13 post-challenge, 
but most would have continued to have elevated neutrophil 
levels had they not been euthanased on welfare grounds. 

Figure 13: Neutrophil levels during challenge phase 
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Figure 14: Mean lymph node SCOre during challenge phase 
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IMMUNIZING COMPOSITION 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 This invention is generally related to antigenic or 
immunogenic compositions and use thereof for immuniza 
tion of non-human mammals, e.g. horses, against Streptococ 
CuS equi. 
0003 2. Background of the Invention 
0004 Streptococcal infections in horses are mainly caused 
by the species Streptococcus equi, which is classified as a 
Lancefield Group C Streptococcus and comprises two Sub 
species designated equi and ZOOepidemicus, respectively. 
0005 Streptococcus equi subsp. equi, which is virtually 
confined to horses, is the causative agent of strangles, a world 
wide distributed and highly contagious serious disease of the 
upper respiratory tract of the Equidae. Strangles is one of the 
most frequently reported equine diseases world-wide and is 
characterized by fever, nasal discharge, and abscess forma 
tion in the retropharyngeal and mandibular lymph nodes. In 
Some cases the disease shows a metastatic course in the body, 
so called “bastard strangles'. The disease has a world-wide 
distribution and causes great economic losses. Moreover, 
since strangles is a highly contagious disease, not only 
infected animals but also all other members of e.g. an afflicted 
stud must be isolated for as long as up to three months. 
0006 S. equi Subsp. Zooepidemicus is considered as an 
opportunistic commensal often occurring in the upper respi 
ratory tract of healthy horses. However, after stress or virus 
infection, it can cause a secondary infection, which results in 
Strangles-like symptoms. Moreover, Subsp. Zooepidemicus 
infects not only horses but also a wide range of other animals, 
like pigs, dogs, cats, and cows. Even human cases of infection 
due to subsp. Zooepidemicus have been reported. This Sub 
species has been implicated as the primary pathogen in con 
ditions such as endometritis, cerviciitis, abortion, mastitis, 
pneumonia, abscesses and joint infections. 
0007 Although it is possible to treat and cure these strep 
tococcal infections with antibiotics, such as penicillin, tetra 
cycline or gentamicin, an effective prophylactic agent that 
could prevent outbursts of such infections and obviate or 
reduce the risk for development of resistant Strains associated 
with antibiotic treatment, would be appreciated. 
0008. 3. Description of the Related Art 
0009. However, although many attempts have been made 
to develop prophylactic agents such as vaccines against S. 
equi, at the present time no efficient vaccines or immunizing 
preparations are available, neither for the Subspecies equinor 
for the Subspecies Zooepidemicus. 
0010 Existing vaccines against Strangles are based on 
inactivated, e.g. heat-killed, or attenuated Strains of S. equi 
Subsp. equi or acid extracts/mutanolysin enriched in M-pro 
tein(s), i.e. immunogenic protein(s) produced by S. equi. A 
vaccine against S. equi Subsp. Zooepidemicus based on an 
M-like protein is disclosed in U.S. Pat. No. 5,583,014. In WO 
87/00436, an avirulent strain of S. equi is disclosed for use as 
a vaccine against S. equi that stimulates an antibody response 
in the nasopharyngeal mucosa after administration thereof to 
a horse. 
Recently, a commercial vaccine against Strangles, Equilis 
StrepE from IntervetVET, UK, has been released in Great 
Britain (November 2004), which vaccine also has been used 
throughout Europe and in South Africa and South America. 
However, the safety and efficacy of this vaccine, which is 
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based on an attenuated (living, deletion mutated) strain of S. 
equi Subsp. equi, can be questioned. 
0011 Since the previously developed vaccines or immu 
nizing preparations are hampered by side-effects and, more 
over, provide insufficient protection, there is a need for effi 
cient and safe prophylactic agents, such as vaccines, that 
protect against S. equi infections and/or prevent spread 
thereof without giving rise to undesirable side-effects. 
0012. It is well known that attachment to eukaryotic cell 
Surfaces is an essential step in the establishment of infection 
and colonization by bacterial pathogens. Accordingly, Strep 
tococcal Surface proteins, that interact with and/or bind to 
different components of the Extracellular Matrix (ECM) or 
plasma proteins of the host cell, are potential candidates for 
use as active component(s) for immunizing purposes. 
0013 This is illustrated by the vaccines based on M-like 
proteins mentioned above or disclosed in the literature, i.a. in 
WO 98/01561. The binding of fibrinogen and complement 
factor H to M-proteins is assumed to be important for the 
ability of streptococci to resist phagocytosis. 
0014) Another mechanism used by streptococci for attach 
ment to host cells involves binding to the ECM component 
fibronectin (Fn) (Ref. 21, 22). Binding between Fn-binding 
bacterial cell-surface proteins and immobilized Fn promotes 
internalization of streptococci by epithelial cells (Ref. 2, 23, 
24). Fibronectin is a dimeric glycoprotein found both in 
plasma and in a fibrillar form in the extracellular matrix. The 
main function of Fn is to mediate substrate adhesion of 
eukaryotic cells, which involves the binding of specific cell 
Surface receptors to certain domains of the Fn molecule. 
Furthermore, it also interacts with several other macromol 
ecules, such as DNA, heparin, fibrin, and collagen. 
0015. Accordingly, Fn-binding proteins from different 
streptococcal species have been cloned and sequenced previ 
ously. For instance, from S. equi, one Fn-binding protein has 
been cloned and characterized, which is a Fn-binding cell 
Surface protein of subsp. Zooepidemicus, that has been desig 
nated FNZ (Lindmarket al., 1996, Ref.9). Another Fn-bind 
ing protein from S. equi Subsp. equi, has been cloned and 
characterized by Lindmark and Guss (1999) (Ref. 12). This 
latter protein that is designated SFS and its potential use as an 
active component in a vaccine for protection of horses against 
strangles are disclosed in WO 00/37496. 
0016. In Jonsson et al. (1995) (Ref. 8), a protein desig 
nated ZAG has been cloned and characterized from S. equi 
Subsp. Zooepidemicus that mediates binding to the plasma 
proteinase inhibitor C.M. It is speculated therein that this 
protein is similar in function to streptococcal M proteins. This 
protein, ZAG, is also disclosed in WO95/07296, where its 
CaM-binding properties are indicated. However, immuno 
genic properties or potential use thereofas an active compo 
nentina vaccine for protection of e.g. horses against Strangles 
are not disclosed therein. The gene Zag encoding ZAG is also 
disclosed in these references. 

0017. A gene that is similar to the aforesaid Zag gene from 
S. equi Subsp. Zooepidemicus but is present in Subsp. equi has 
been described by Lindmarket al. (1999) (Ref. 11) and Lind 
mark (1999) (Ref. 13). This gene is hereafter designated eag 
and encodes a protein designated EAG. 
(0018. In WO 2004/032957 A1, antigenic compositions are 
disclosed which comprise at least one antigen derived from a 
protein designated EAG, which protein is present in S. equi, 
and which composition Suitably comprises at least one further 
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antigen selected from a group of proteins which are present in 
S. equi and are designated FNZ. SFS, SEC and ScIC, respec 
tively. 
0019. In WO 2007/115059 A2, subunit immunogenic or 
vaccine compositions are disclosed which comprise at least 
one polypeptide of S. equi having a specific amino acid 
sequence as shown in the sequence listing attached to said 
publication or an analog thereof or a fragment thereof which 
is a part of said polypeptide and contains at least one epitope. 
However, no results as regards immunizing of horses against 
Strangles are provided in this document. 
0020. In the study reported in Lannergard, J., Frykberg, L. 
and Guss, B. (2003) FEMS Microbiol Lett 222: 69-74, (Ref. 
28), a new gene designated cine has been isolated and the 
corresponding protein CNE has been characterized. 
0021. In Flock, M., Jacobsson, K., Frykberg, L., Hirst, T., 
R., Franklin, A., Guss, B. and Flock, J.-I. (2004) Infect 
Immun 72:3228-3236 (Ref. 5), it is reported that in a mouse 
model of equine Strangles, parts of the proteins designated 
FNZ. SFS and EAG, respectively, were used to immunize 
mice. FNZ and EAG were considered as promising candi 
dates for development of a safe and efficacious vaccine 
against Strangles. 
0022. In Lannergård, J. and Guss, B. (2006) FEMS Micro 
biol Lett 262: 230-235, (Ref.26), two new proteins, IdeE and 
IdeZ, from S. equi Subspecies equi and ZOOepidemicus, 
respectively, have been characterized as regards enzymatic 
activities. 
0023. In Vaccine (Timoney et al.: 2007) it is reported that 
a great number of recombinant extracellular proteins of S. 
equi, including CNE (also designated SEC) and Se 44.2 (also 
designated IdeE2) are useless as vaccine components. It is 
speculated therein that earlier results for SEC/CNE obtained 
for mice are not applicable to horses. Thus, it is not obvious 
that recombinant forms of Surface localized proteins neces 
sarily are likely candidates for vaccine components. 
0024. In Waller, A., Flock, M., Smith, K. Robinson, C., 
Mitchell, Z. Karlström, A., Lannergård, J., Bergman, R., 
Guss, B. and Flock, J.-I. (2007) Vaccine 25:3629-3635, (Ref. 
27), vaccination of horses against Strangles using the recom 
binant antigens EAG, CNE and ScIC from S. equi subspecies 
equi is reported. In this study, vaccinated horses showed, after 
challenge with S. equi Subspecies equi, significantly reduced 
recovery of bacteria and significantly lower levels of nasal 
discharge. 
0025. Although many efforts have been made to develop 
efficient vaccines and some of the immunizing components of 
WO 2004/032957 A1 are promising candidates for use in a 
vaccine that protects against S. equi infection, development of 
safe vaccines having a high degree of immunogenicity and 
exhibiting limited or no side effects is still desirable. 

BRIEF SUMMARY OF THE INVENTION 

0026. The present invention is based on an antigenic, suit 
ably an immunogenic, composition comprising at least one 
antigen, Suitably an immunogen, that comprises at least one 
antigenic epitope or antigenic determinant derived from a 
protein present in one or both of S. equi Subsp. equi and Subsp. 
ZOOepidemicus and use thereof for immunization of non 
human mammals against S. equi Subsp. equi and/or Subsp. 
ZOOepidemicus. 
0027. The present invention is also directed to a vaccine 
composition comprising the afore-said antigenic composi 
tion as immunizing component; to methods to prepare said 
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antigenic, Suitably immunogenic, composition or vaccine 
composition; to methods to induce an immune response 
against S. equi in non-human mammals; and to methods for 
prophylactic or therapeutic treatment of S. equi infection in 
non-human mammals. When used generally, the expression 
“S. equi” refers to one or both of subsp. equi and subsp. 
ZOOepidemicus. 
0028. According to a suitable embodiment, the present 
invention is directed to a vaccine that protects equines, such as 
horses, against Strangles. 
0029. In the context of infections caused by S. equi subsp. 
equi, the expression “non-human mammals' primarily refers 
to animals belonging to the family Equidae that consists of 
horses, donkeys and Zebras and to hybrids thereof. Such as 
mules and hinnies. Camels and dromedaries are also encom 
passed therein. 
0030. In connection with infections caused by S. equi 
Subsp. Zooepidemicus, the expression “non-human mam 
mals' in addition refers also to other mammals such as cows, 
pigs, dogs and cats. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031. In the following, the present invention is described 
in closer detail with reference to the drawings, where: 
0032 FIG. 1 shows weight loss of mice given experimen 

tal infection with S. equi subsp. equistrain 1866 after vacci 
nation with the polypeptides Eq.5 and Eq8 (open symbols) or 
non-vaccinated (filled symbols); 
0033 FIG. 2 shows nasal growth in mice given experi 
mental infection with S. equi subsp. equi strain 1866 after 
vaccination with the polypeptides Eq.5 and Eq8 (open sym 
bols) or non-vaccinated (filled symbols): 
0034 FIG. 3 shows weight loss of mice given experimen 

tal infection with S. equi subsp. equistrain 1866 after vacci 
nation with the polypeptide EAG (filled squares), the 
polypeptides EAG+IdeE+IdeE2 (open circles) or non-vacci 
nated controls (filled circles): 
0035 FIG. 4 shows nasal growth in mice given experi 
mental infection with S. equi subsp. equi strain 1866 after 
vaccination with the polypeptide EAG (filled squares), the 
polypeptides EAG+IdeE+IdeE2 (open circles) or non-vacci 
nated controls (filled circles). 
0036 FIGS. 5a and 5b show weight loss and nasal growth 
in mice immunized with EAG+CNE+ScIC in. (filled 
squares). Eq5+Eq8 i.n. (filled circles) and the control (open 
circles). 
0037. In these FIGS. 1-5, mean values and standard errors 
are indicated. 
0038 FIG. 6 shows growth of challenge inoculum (S. equi 
Subsp. equi strain 4047); 
0039 FIG. 7 shows mean pony temperatures during the 
vaccination phase; 
0040 FIG. 8 shows mean nasal score during the vaccina 
tion phase; 
0041 FIG. 9 shows mean lymph node score during the 
vaccination phase; 
0042 FIG. 10 shows mean counts of S. Zooepidemicus in 
nasal washes during the vaccination phase; 
0043 FIG. 11 shows mean pony temperatures after chal 
lenge; 
0044 FIG. 12 shows mean fibrinogen levels during the 
challenge phase; 
0045 FIG. 13 shows mean neutrophil levels during the 
challenge phase; 
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0046 FIG. 14 shows mean lymph node score during the 
challenge phase; 
0047 FIG. 15 shows mean nasal score during the chal 
lenge phase; 
0048 FIG. 16 shows mean S. Zooepidemicus counts dur 
ing challenge phase; 
0049 FIG. 17 shows mean pathology score on post mor 
tem examination; and 
0050 FIG. 18 shows mean histopathology scores. 
0051 FIG. 19 shows ELISA measurements of IgG anti 
bodies in nasal washings of seven immunized horses. The log 
dilution of Sera required to give an absorbance value at a 
cut-off of 1.0 was calculated for each individual nasal wash 
sample. Mean values (n=7) with standard errors are shown. 
Samples taken before (pre imm. day 1) and twelve days after 
the third immunization are shown (day 86). The horses were 
immunized with EAG, CNE and ScIC. 
0052 FIG. 20 shows ELISA measurements of IgG anti 
bodies in sera of seven immunized horses. The log dilution of 
sera required to give an absorbance value at a cut-off of 1.5 
was calculated for each individual serum sample. Mean val 
ues (n=7) with standard errors are shown. Sample taken 
before (day 1), after V2 (day71), and after V3 (day 86) are 
shown. 
0053 FIG. 21 shows ELISA measurements of IgG anti 
bodies in sera of immunized horses (Pentavac). The log dilu 
tion of sera required to give an absorbance value at a cut-off of 
1.5 was calculated for each individual serum sample. Mean 
values (n=7) with standard errors are shown. Sample taken 
before (day 1), after V2 (day 71), and after V3 (day 86) and 
samples taken between V3 and V4 (day 270) are shown. 

BRIEF DESCRIPTION OF THE SEQUENCE 
LISTING 

0054 SEQID NO 1 shows the amino acid sequence of the 
protein IdeE2. 
0055 SEQID NO 2 shows the amino acid sequence of the 
recombinant protein IdeE2. 
0056 SEQID NO3 shows the amino acid sequence of the 
protein Eq.5. 
0057 SEQID NO 4 shows the amino acid sequence of the 
recombinant protein Eq.5. 
0058 SEQID NO 5 shows the amino acid sequence of the 
protein Eq8. 
0059 SEQID NO 6 shows the amino acid sequence of the 
recombinant protein Eq8. 
0060 SEQID NO 7 shows the amino acid sequence of the 
protein Idez2 from Subsp. Zooepidemicus. 
0061 SEQID NO 8 shows the amino acid sequence of the 
protein EqZ5 from Subsp. Zooepidemicus. 
0062 SEQID NO9 shows the amino acid sequence of the 
protein EqZ8 from Subsp. Zooepidemicus. 
0063 SEQ ID NO 10 shows the amino acid sequence of 
the protein IdeE. 
0064 SEQID NO 11 shows the amino acid sequence of 
the protein Idez from Subsp. Zooepidemicus. 
0065. SEQ ID NOS 12 and 13 shows, respectively, the 
nucleotide sequence of the gene eag and the amino acid 
sequence of the protein EAG4B, which protein is usually 
designated EAG in connection with the present invention. 
0066 SEQID NO 14 shows the nucleotide sequence of the 
gene ideE2. 
0067 SEQID NO 15 shows the nucleotide sequence of the 
gene eq5. 
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0068 SEQID NO 16 shows the nucleotide sequence of the 
gene eq8. 
0069 SEQID NO 17 shows the nucleotide sequence of the 
gene Idez2 from Subsp. Zooepidemicus. 
(0070 SEQID NO 18 shows the nucleotide sequence of the 
gene eqZ5 from Subsp. Zooepidemicus. 
(0071 SEQID NO 19 shows the nucleotide sequence of the 
gene eqZ8 from Subsp. Zooepidemicus. 
(0072 SEQID NO 20 shows the nucleotide sequence of the 
gene ideE. 
(0073 SEQID NO 21 shows the nucleotide sequence of the 
gene ide7 from Subsp. Zooepidemicus. 
(0074 SEQID NOS 22-27 show nucleotide sequences of 
oligonucleotide primers. 
(0075 SEQ ID NO 28 shows the amino acid sequence of 
the protein CNE (or SEC 2.16). 
(0076 SEQ ID NO 29 shows the amino acid sequence of 
the protein ScIC. 
(0077 SEQ ID NO 30 shows the amino acid sequence of 
the recombinant IdeE used for immunization. 
(0078 SEQID NO 31-32 shows the nucleotide sequence of 
primers. 

DETAILED DESCRIPTION OF THE INVENTION 

007.9 The present invention is concerned with identifica 
tion of polypeptides or proteins of S. equi that are able to elicit 
an antigenic, Suitably an immunogenic, response, when 
administered to a non-human mammal; and to the identifica 
tion of polynucleotides or genes encoding these polypeptides 
or proteins. 
0080. The present invention is also concerned with frag 
ments or analogs of said polypeptides or proteins or of said 
polynucleotides or genes. 
I0081 More specifically, genes of S. equi encoding extra 
cellular proteins were identified and, Subsequently, the cor 
responding products were expressed and evaluated in vaccine 
studies. The present invention is at least partly based on Such 
studies. 
I0082. Accordingly, the present invention relates to an anti 
genic composition comprising at least one antigen, wherein 
said at least one antigen comprises at least part of a protein of 
Streptococcus equi Subsp. equi or Subsp. Zooepidemicus, and 
said at least part of said protein comprises at least one anti 
genic epitope orantigenic determinant of Streptococcus equi. 
I0083. According to one embodiment, the present inven 
tion is directed to an antigenic composition comprising at 
least one antigen, wherein said at least one antigen comprises 
at least part of a protein or polypeptide of Streptococcus equi 
Subsp. equi or subsp. Zooepidemicus and said at least part of 
said protein or polypeptide comprises at least one antigenic 
epitope or antigenic determinant of Streptococcus equi, and 
wherein said protein or polypeptide is selected from the group 
comprising: 
I0084 a protein or polypeptide which is designated EAG 
and has an amino acid sequence as shown in SEQID NO: 13; 
I0085 a protein or polypeptide which is designated IdeE 
and has an amino acid sequence as shown in SEQID NO: 10; 
I0086 a protein or polypeptide which is designated IdeE2 
and has an amino acid sequence as shown in SEQID NO: 1; 
I0087 a protein or polypeptide which is designated Eq.5 
and has an amino acid sequence as shown in SEQID NO:3: 
I0088 a protein or polypeptide which is designated Eq8 
and has an amino acid sequence as shown in SEQID NO: 5; 



US 2011/0020403 A1 

0089 a protein or polypeptide which is designated Idez2 
and has an amino acid sequence as shown in SEQID NO: 7; 
0090 a protein or polypeptide which is designated EqZ5 
and has an amino acid sequence as shown in SEQID NO:8: 
and 
0091 a protein or polypeptide which is designated EqZ8 
and has an amino acid sequence as shown in SEQID NO: 9: 
orananalog or a fragment thereof, and wherein a composition 
which comprises EAG, comprises at least one furtherantigen, 
which is a protein or polypeptide, which is selected from the 
group comprising IdeE, IdeE2, Eq5, Eq8, Idez2, EqZ5, and 
EqZ8. 
0092. For convenience, the polypeptides having amino 
acid sequences as shown in the sequence listing are frequently 
only designated EAG, IdeE, IdeE2, Eq5, Eq8, Idez2, EqZ5, 
and EqZ8, respectively. EAG, IdeE, IdeE2, Eq5, and Eq8 
designate proteins that can be found in S. equi Subsp. equi and 
Idez. Idez2, EqZ5, and EqZ8 designate proteins that can be 
found in S. equi Subsp. Zooepidemicus. 
0093. The antigens or immunogens of the present anti 
genic or immunogenic compositions may comprise the entire 
amino acid sequence of said protein or polypeptide or may 
comprise a fragment, e.g. a C-terminal or N-terminal frag 
ment thereof, or an analog thereof. For instance, an N-termi 
nal fragment of EAG is used according to various embodi 
ments of the present invention. 
0094. According to one embodiment, the present inven 
tion is related to an antigenic or immunogenic composition 
which contains at least 2 or 3 antigens or immunogens 
selected from the group consisting of EAG, IdeE, IdeE2, Eq5, 
Eq8, Idez, Idez2, EqZ5, and EqZ8. 
0095 According to a specific embodiment, the present 
invention is related to an antigenic or immunogenic compo 
sition which contains at least 2 or 3 antigens or immunogens 
selected from the group consisting of EAG, IdeE, IdeE2, Eq5, 
and Eq8. Suitably this composition also comprises one or 
both of the previously described antigens ScIC (SEQID NO: 
29) and CNE (SEQ ID NO: 28) (also designated SEC e.g. 
SEC 2.16). A further embodiment is related to an antigenic 
composition comprising EAG, ScIC, CNE, Eq5, and Eq8. 
0096. A suitable composition contains 2 antigens or 
immunogens which are comprised of Eq.5 and Eq8, respec 
tively. According to a further embodiment, the present inven 
tion is directed to a composition that contains 3 antigens or 
immunogens, which suitably are comprised of EAG, IdeE. 
and IdeE2. The present invention is also related to composi 
tions that comprise one or both of IdeE and IdeE2. 
0097. The present invention is also related to an antigenic 
composition, wherein said at least one protein or polypeptide 
is selected from the group consisting of EAG, Eq.5 and Eq8 
and which composition further comprises at least one antigen, 
which is selected from the group comprising a protein or a 
polypeptide designated CNE (or SEC), which has an amino 
acid sequence as shown in SEQID NO: 28, and a protein or a 
polypeptide designated ScIC, which has an amino acid 
sequence as shown in SEQID NO: 29. Suitably, said at least 
one protein or polypeptide is selected from the group com 
prising IdeE and IdeE2. 
0098 Antigenic compositions of the present invention, 
which have been shown to be useful in vaccine compositions, 
comprise according to one embodiment, the antigens EAG, 
ScIC, CNE (or SEC), Eq5, Eq8, IdeE and IdeE2, and accord 
ing to another embodiment, the antigens EAG, ScIC, CNE (or 
SEC), Eq5, and Eq8. 
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0099. The present invention is also related to an antigenic 
composition, wherein said at least one protein or polypeptide 
is selected from the group consisting of EAG, Eq8, and IdeE2 
and which composition comprises at least one further antigen 
which is selected from the group comprising IdeE, Eq5. 
Idez2, EqZ5 and Eqz8 and/or ScIC and CNE (or SEC). 
0100. According to the present invention, the antigenic 
composition Suitably comprises at least one antigen which is 
recombinantly produced and/or at least one antigen which is 
an isolated or purified antigen. 
0101 From the above, it is evident that the present anti 
gens or immunogens that are derived from proteins of Strep 
tococcus equi may comprise the entire protein, a fragment of 
said protein oran analog of said protein which is antigenic or 
immunogenic. Thus, the present invention is not limited to the 
fragments of proteins that are specifically disclosed herein. 
0102 The antigenic composition of the present invention 
may comprise at least one recombinant vector and at least one 
polynucleotide inserted therein that encodes said at least one 
protein or polypeptide, and which vector is able to express 
said polypeptide in vivo in a non-human mammal Susceptible 
to infection with S. equi. 
0103) According to one embodiment of the present inven 
tion, the vector is an expression vector which is a plasmid or 
a viral vector and wherein said polynucleotide has a nucle 
otide sequence that encodes an antigen of the present inven 
tion. 
0104. A further embodiment of the present invention is 
concerned with a vaccine composition for protecting non 
human mammals against infection of Streptococcus equi, 
which comprises an antigenic composition as disclosed 
above as immunizing component, and a pharmaceutically 
acceptable carrier. 
0105 Suitably, the present vaccine composition com 
prises an antigenic or immunogenic composition that con 
tains 2, 3 or more of the present antigens or immunogens as 
immunizing components. Optionally, one or more of these 
antigens or immunogens are comprised of analogs of said 
proteins or fragments thereof, e.g. N-terminal or C-terminal 
fragments. 
0106 The vaccine composition may comprise further 
components, such as an adjuvant. Suitably, said adjuvant 
stimulates systemic or mucosal immunity. Such adjuvants are 
well known in the art. 
0107 Suitable adjuvants for use according to the present 
invention comprise (1) polymers of acrylic or methacrylic 
acid, maleic anhydride and alkenyl derivative polymers, (2) 
immunostimulating sequences (ISS), (3) an oil in water emul 
Sion, (4) cation lipids containing a quaternary ammonium 
salt, (5) cytokines, (6) aluminum hydroxide or aluminum 
phosphate, (7) saponin or (8) nanoparticles. 
0108. A suitable adjuvant for use according to the present 
invention is the adjuvant Abisco from Isconova AB, Sweden. 
The key components of ISCOMS are Quillaia saponins 
derived from the bark of the chilean soap bark tree Quillaia 
saporinaria molina. Quillaia Saponins are well known for 
their ability to activate the immune system. Quillaia saponins 
mixed with cholesterol, and phospholipids under specific sto 
ichiometry form spherical open cage like structures known as 
ISCOMS. 
0109 Another suitable adjuvant is Ginseng. Ginseng is a 
dry extract prepared from the root of the plant Panax ginseng, 
C. A. Meyer. Ginseng contains a number of active substances 
named ginsenosides that are a kind of Saponins, chemically 
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tri-terpenoid glycosides of the dammaran series. The ginse 
nosides have adjuvant properties and one of the most active 
adjuvant is the fraction named Rb1. It has been proved that the 
fraction Rb1 elicits a balanced Th1 and Th2 immune response 
as determined by measuring the levels of the cytokines IFN-y, 
IL-2, IL-4, IL-10 secreted post vaccination with a Rb1 adju 
vanted vaccine. In addition ginseng and the fraction Rb1 
stimulates a strong antigen specific antibody response. 
0110. According to a suitable embodiment, the vaccine 
composition is a vaccine that protects susceptible mammals, 
Suitably horses, against Strangles caused by Streptococcus 
equi Subsp. equi. 
0111. The vaccine composition of the present invention is 
provided in a physiologically administrable form. Suitably, it 
is administrable by Subcutaneous, intramuscular or intranasal 
inoculation. 
0112 Suitably, the vaccine composition of the present 
invention stimulates serum, mucosal and/or bronchial lavage 
antibody responses directed to Streptococcus equi antigens in 
mammals susceptible to Streptococcus equi, Suitably horses. 
0113. The present invention is also related to a method for 
producing an antigenor immunogen to be used in an antigenic 
or immunogenic composition of the present invention, which 
method comprises 
0114 (a) providing a DNA fragment encoding said anti 
gen and introducing said fragment into an expression vector; 
0115 (b) introducing said vector, which contains said 
DNA fragment, into a compatible host cell; 
0116 (c) culturing said host cell provided in step (b) under 
conditions required for expression of the product encoded by 
said DNA fragment; and 
0117 (d) isolating the expressed product from the cultured 
host cell. 
0118 Preferably, said method further comprises a step (e) 
wherein the isolated product from step (d) is purified, e.g. by 
affinity chromatography or other chromatographic methods 
known in the art. 
0119. Accordingly, the antigens of the present invention 
are usually produced according to recombinant technique. 
0120 A further embodiment of the present invention is 
concerned with a method for preparation of a vaccine of the 
present invention, which vaccine contains as immunizing 
component an antigenic or immunogenic composition as dis 
closed above, said method comprising mixing said antigenic 
composition and a pharmaceutically acceptable carrier. 
0121 The present invention is also related to a method for 
the production of an antiserum, said method comprising 
administering an antigenic preparation of the present inven 
tion to an animal host to produce antibodies in said animal 
host and recovering antiserum containing said antibodies pro 
duced in said animal host. 
0122) Moreover, the present invention is concerned with a 
method of prophylactic or therapeutic treatment of S. equi 
infection in non-human mammals, Suitably horses, compris 
ing administering to said mammal an immunologically effec 
tive amount of a vaccine oran antiserum of the present inven 
tion. 
0123. Accordingly, the present invention is related to a 
method for protecting horses against Streptococcus equi 
infection, which method comprises inoculating a horse intra 
muscular, Subcutaneously or intranasally, or a combination of 
e.g. both Subcutaneously and intranasally, with a vaccine 
composition of the present invention to induce an immune 
response against Streptococcus equi in said horse. Suitably, 
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an immune response, in the form of IgG and/or IgA and/or 
IgM antibodies in the nasopharyngeal mucus, is induced in 
said horse. 
0.124. The present invention also relates to an antibody 
preparation comprising at least one, and Suitably at least two, 
antibodies specific for a protein or a polypeptide of the 
present antigenic composition, which antibody/antibodies 
is/are polyclonal or monoclonal; or which preparation com 
prises a fragment of said antibodies. 
0.125. The antibody preparation of the present invention 
could be used prophylactically or therapeutically against 
Strangles and provides passive immunization when adminis 
tered to a non-human mammal Susceptible to infection by 
Streptococcus equi or infected by Streptococcus equi. 
0.126 The present invention describes a vaccine composi 
tion comprising one or several antigen components which 
have been prepared according to the present method using E. 
coli as host cells. The source of these antigens might also be 
the native bacteria, if methods are developed for expression 
and purification thereof. Alternatively, the antigens of the 
present invention can also be produced according to methods 
that are based on fusion strategies where various parts of the 
respective antigen are recombined resulting in a fusion can in 
protein consisting of parts from different antigens. This 
fusion strategy could also be suitable for introducing immune 
reactive part(s), e.g. T-cell epitopes or attenuated toxins (or 
parts thereof), thereby introducing other features suitable for 
optimizing the antigen presentation or localization. Further 
more, other hosts for expressing the recombinant antigens 
addition to E. coli also be other suitable species of bacteria 
and viruses. Today many different systems for expression of 
heterologus expression are well known in the field of molecu 
lar biology. 
I0127. Yet another implication of this invention is that it 
can be used to design specific attenuated mutants of S. equi 
that lack or have inactivated genes important for Survival (i.e. 
mutations causing deficiency in metabolic pathways) in the 
host but retain or overproduce the antigens of the present 
invention. 

EXPERIMENTAL PART 

I0128. The DNA sequence of the genome of S. equi subsp. 
equi and Subsp. Zooepidemicus have been determined (www. 
sanger.ac.uk/) but not yet annotated. By Screening open read 
ing frames a great number of genes encoding extracellular 
proteins were identified. Among these genes a selected num 
ber were chosen and recombinant proteins were produced and 
evaluated in vaccine studies. The cloning and expression of 
these genes is described below. Furthermore, the use of these 
proteins as antigens will also be described. 

Example 1 

Constructions of Clones Harboring the Genes ideE, 
ideE2, eq5 and eq8 from Subsp. equi. 

I0129 Chromosomal DNA from S. equi subspecies equi 
strain 1866 (PCT/SE03/01587, Lannergård and Guss 2007) 
was used as a template to amplify potential genes encoding 
IdeE2, Eq.5 and Eq8 (the nucleotide- and protein-sequences 
are presented in the sequence listing further below). To iden 
tify the predicted signal sequences, the computer program 
SignalP (http://www.cbs.dtu.dk/services/SignalP/) was used. 
The sequences of primers used to amplify the genes or part of 
the genes ideE, ideE2, eq5 and eq8 are listed in the Primer 
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Table. Cleavage sites for the restriction enzymes NcoI and 
XhoI were included in the primer sequences to match the 
cloning sites in the plasmid vector pTYB4 (New England 
Biolabs). The PCR amplifications were performed using the 
primers (20 pmol/ul) and the ReadyToGoTM PCR beads (GE 
Healthcare) using the following programme: Step 1, pre-heat 
1 minute at 95°C., DNA strand separation; Step 2, 30 seconds 
at 95°C.; Step 3, annealing 15 seconds at 46°C.; and Step 4, 
elongation for 2 minutes at 72°C., Steps 2-4 were run for 26 
cycles. The PCR products were analysed on a 1 agarose gel. 
and thereafter purified using the QIAquick PCR Purification 
KitTM (Qiagen). Cleavage with the restriction enzymes was 
performed over night whereupon the fragments were purified 
one additional time using the same kit. 
Primer Table: The primer sequences used to PCR amplify the 
genes ideE, ideE2, eq5 and eq8. The nucleotides underlined 
correspond to the introduced restriction cleavage sites Nicol 
and XhoI. 

Gene Primer Primer sequence 
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0.130 Cloning of the ideE gene of S. equi subsp. equistrain 
1866 has been reported previously by Lannergard and Guss 
(2006). The GenBank accession number of ideE is 
DQ508733. The part of the gene used to obtain the recombi 
nant IdeE protein used for immunization was cloned using the 
primers IdEG1 and IdEG2 listed in the Primer Table. After 
PCR amplification the DNA fragment was digested with 
restriction enzymes BamHI and XhoI and ligated into the 
vector pGEX6-P-1 (GE Healthcare), previously digested 
with the same enzymes. 

Example 2 
Preparation of Antigens CNE, ScIC, EAG4B, IdeE, 

IdeB2, Eq.5 and Eq8 
I0131 The vector used is a part of an E. coli expression and 
purification system called IMPACTTMTT (NEB Inc.) Briefly, 
following the manufacturer's instructions the clones express 

ideE2 Forward primer 5' - CATGCCATGGAGGTAGTTGAAGTTTGGCCTAAT-3' 
(SEQ ID NO: 22) 

ideE2 Reverse primer 5' - CCGCTCGAGTTTTTCTGTCTTGTTGAAGTAATCTGC-3' 
(SEQ ID NO: 23) 

eq5 Forward primer Eqp51 : 5'-GTAGCCATGGAAACGACTACTGCTAGTGCA-3' 
(SEQ ID NO: 24) 

eq5 Reverse primer Eqp52: 
(SEQ ID NO: 25) 

5' CTGGCTCGAGCGGTTTAGCAACCAAGGCT-3' 

eq8 Forward primer Eqp81: 5' CATGCCATGGCGACTACCCTAGCAGGACAAA-3' 
(SEQ ID NO: 26) 

eq8 Reverse primer Ecip82 : 5' CTAGCTCGAGGTGCTTAAGCTTTT CAATCTG-3' 
(SEO ID NO: 27) 

ides Forward primer IdEG1: 
(SeO ID NO: 31) 

ides Reverse primer IdEG2 : 
(SEQ ID NO: 32) 

To clone and produce recombinant proteins in E. coli the 
IMPACTTM Protein Purification System (New England 
Biolabs) was used. E. coli strain ER2566 containing the 
pTYB4 vector (New England Biolabs) was grown according 
to the manufacturer's instructions, and the vector was purified 
using the QIAprep Spin Miniprep (Qiagen). Purified vector 
was digested using restriction endonucleases Nicol and XhoI. 
After digestion, the vector was treated with the enzyme alka 
line phosphatase to reduce the background of re-ligated vec 
tor in the later ligation step. For the ligation of the vector and 
the respective PCR product, the ReadyToGo T4DNA Ligase 
(GE Healthcare) was used. After ligation, the respective 
sample were transformed into competent cells of E. coli strain 
ER2566 using electroporation, and spread on LA-Amp plates 
(Luria-Bertani broth agar plates Supplemented with amplicil 
lin, final conc. 50 lug/ml) and incubated over night at 37° C. 
Next day colonies were counted and four colonies per con 
struct were cultivated and used for further experiments. To 
Verify the presence of an insert in the respective constructs, 
plasmids were purified and additional PCR analyses were 
performed using the respective primer combination. The 
sequence of the respective insert was also determined by 
DNA sequencing using primers that hybridise in the vector 
(T7 universal forward primer and a reverse primer located in 
the intein coding region). 

S-TACTGGATCCGACGATTACCAAAGGAATGCTAC-3' 

TGATCTCGAGTTAGCTCAGTTTCTGCCATATG 

ing recombinant IdeE2, Eq.5 and Eq8, respectively were 
grown at 37° C. in Luria Bertani growth medium supple 
mented with amplicillin (final conc. 50 ug/ml). At an optical 
density (ODoo)-0.6, the growth medium was Supplemented 
with IPTG (final conc. 0.4 mM) and the growth temperature 
shifted to 20° C. After incubation over night the cells were 
harvested and resuspended in a buffer 20 mM Tris-HCl (pH 
8.0), 500 mM NaCl, 0.1 mM EDTA, and 0.1% Triton X 100 
and lysed by freezing and thawing. After centrifugation, the 
Supernatant was sterile filtrated and applied onto a chitin 
column. The columns were extensively washed using the 
same buffer and subsequently treated with cleavage buffer 
20 mM Tris-HCl (pH 8.0), 50 mMNaCl, 0.1 mM EDTA, and 
30 mM dithiothreitol (DTT). In the cleavage buffer, the 
reducing conditions induce an intein-mediated self-cleavage 
that releases the antigen part from the column while the 
intein-chitin-binding part is still bound. The eluted samples 
containing the antigens were dialysed against phosphate 
buffered saline PBS: 137 mM NaCl, 2.7 mM KC1, 10 mM 
NaHPO, 1.4 mMKHPO (pH 7.4) and concentrated. The 
amounts of antigens obtained were determined and the qual 
ity was checked using SDS-PAGE. The recombinant IdeE 
protein was produced and purified using the GST-affinity 
chromatography system according to the procedure recom 
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mended by the manufacturer (GE Healthcare). The descrip 
tion of and production of the recombinant proteins CNE 
(SEC), ScIC, and EAG4B antigens have been described 
previously (WO 2004/032957 (PCT/SE03/01587), Waller et 
all 2007). In the following examples, the EAG4B protein is 
simply called EAG. 

Example 3 

Recombinant IdE2 Cleaves IgG 

0132) IdE has previously been shown to be a protease that 
specifically cleaves IgG from various species (Lannegard and 
Guss 2006). To test if recombinant IdeE2 also cleaves anti 
bodies, IgG from human, horse and mouse were incubated in 
PBS at 37° C. for one hour. Purified recombinant IdeB was 
used as a positive control and the negative control was pure 
IgG. After cleavage, the samples were analysed using 8-25% 
gradient SDS-PAGE. The result showed that recombinant 
IdeB2 cleaves cleaves horse IgG much more efficiently than 
IdeE does. 

Example 4 

Presence of the Genes ideE, ideE2, eq5, and eq8 in 
S. equi Subsp. Zooepidemicus 

0.133 Previously the presence of a homologous subsp. 
equi ideE gene in subsp. zooepidemicus has been reported 
(Lannegard and Guss 2006). Using the S. Zooepidemicus 
genome database (www.sanger.ac.uk/), the presence of simi 
lar genes to ideE2, eq5 and eq8 in Subspecies Zooepidemicus 
was analysed using BLAST search. The results showed that 
genes encoding similar proteins were detected. The sequence 
of these genes called ideZ2, eqZ5 and eqZ8 along with amino 
acid sequences Idez2, EqZ5 and Eqz8 are shown in the list of 
sequences in the experimental part of this specification. 

Example 5 

Immunisation of Mice with Eq.5 and Eq8 

0134 Mice (NMRI) weighting approximately 23-25 g 
were kept in cages of five animals in each. The mice were 
immunised intranasally with 12 micrograms of each antigen 
and 10 microgram of Abisco 300 (Isconova AB, Sweden). 
Fifteen animals were immunised with antigen (Eq.5 and Eq8) 
and 15 were only given Abisco 300 adjuvant to serve as a 
negative control. The total volume was kept to less than 27 ul 
and applied into the nostrils twice with 30 minutes interval of 
mice anaesthetized with Isoflovet (Abbot Laboratories, 
England). Immunisations were given on days 0, 13 and 32. 

Example 6 

Immunisation of Mice with EAG, IdeE and IdeE2 

0135 Immunisation with EAG, IdeE and IdeE2 was per 
formed essentially as for Eq.5 and Eq8. However, animals 
were divided into three groups, with ten mice in each group. 
These were given EAG+IdeE+IdeE2 or EAG only and one 
group with only adjuvans, Abisco 300, as negative control. 
Immunisations were given on days 0, 21 and 53. Experimen 
tal infection was given on day 60. 
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Example 7 
Experimental Infection with Streptococcus equi 

Subsp. equi 
0.136 Experimental infection was given on day 43 (10 
days after last time of immunisation) for Eq5+Eq8 and on day 
60 (10 days after last immunisation) for EAG+/-IdeE+IdeE2. 
S. equi Subsp. equi strain 1866 from a clinical case of 
Strangles was used. The strain was first passed through an 
animal by inoculating ca 10 CFU into the nostrils of an 
anaesthetized mouse. Bacteria were recovered after 7 days 
from the nose of the mouse and grown on BG plates at 37°C. 
in 5% CO. A single colony was grown on BG plates over 
night at 37° C. and resuspended in Todd Hewitt Broth (THB) 
with 1% yeast extract (THY). The culture was kept at -80°C. 
in vials and a new vial was used for each experiment. To infect 
mice, bacteria were grown on BG plates at 37°C. in 5% CO 
overnight, followed by inoculation into THY and grown with 
out shaking over night. The cultures was then diluted 10 times 
into THY and 10% horse serum (Sigma) and grown for 4 
hours at 37°C. in 5% CO. The culture was centrifuged and 
resuspended in THB. A dose containing 1x10 CFU in 10 ul 
was used for all S. equi infections of mice. The animals were 
followed daily. Bacterial nasal growth was scored on a four 
graded scale from 0 to +++ by gently pressing the nose of the 
animal onto a blood agar plate in a reproducible manner. The 
nasal sample was then spread out onto the entire Surface of the 
plate. One + means 5-100 colonies; two + means more than 
100 and three + means confluent growth. The weight was 
determined every day and the percentage of weight-loss was 
calculated. 

Example 8 
Experimental Results of Vaccination 

0.137 Mice were immunised with both Eq.5 and Eq8 and 
the percentage weight loss over time was determined. FIG. 1 
shows that vaccinated animals (n=15) lost less weight that 
control animals (n=15). P-values=0.0001 for all days (Stu 
dent's t-test). Nasal growth of S. equi was also determined 
daily on a four graded scale. FIG. 2 shows that the vaccinated 
animals had much less nasal growth than the control group. 
The frequency of animals grossly colonised nasally with bac 
teria (scoring 2-3) on day 5 was significantly different 
between the two groups; p=0.002 (Fisher's exact test). 
0.138. In the next experiment, mice were vaccinated with 
EAG (n=10), with EAG+IdeE+IdeE2 (n=10) or non-vacci 
nated (n=10). The percentage weight loss over time was 
determined. FIG.3 shows that animals vaccinated with EAG+ 
IdeB+IdeE2 lost less weight that control animals. P values 
were 0.0013, 0.0008 and 0.0009 for days 3, 5 and 6 respec 
tively (Student's t-test). Animals vaccinated with EAG alone 
also lost weight to a similar magnitude as control animals. 
Nasal growth of S. equi was also determined daily on a four 
graded scale. FIG. 4 shows that the animals vaccinated with 
EAG+IdeE+IdeE2 had much less nasal growth than the con 
trol group. Again, vaccination with only EAG showed no 
protection. 

Example 9 

Immunisation of Mice with Eq5, Eq8, and EAG, 
CNE, ScIC 

0.139 Immunisation in. with Eq.5+Eq8 and EAG+CNE+ 
ScIC was performed as above with three groups with ten mice 
in each group. One group with Eq.5+Eq8 and one with EAG+ 
CNE+ScIC. The third group was the control with Abisco-300. 
Immunisations were given on days 0, 14 and 22. Challenge 
was given on day 29. The experimental results are shown in 
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(14) SEQ ID NO: 28 
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12 O 

Pro 

Ile 

Asn 

Glin 

Gly 

His 

Ser 

Ala 

Asn 

Glin 

Asp 

Thir 

Glin 
360 

Gly 

Ile 

Thir 
25 

Gly 

Glin 

Gly 

Asn 

Thir 
105 

Thir 

Glu 

Glin 

Asn 

Gly 
185 

Thir 

Wall 

Ser 
265 

Glu 

Gly 

Glu 

Ala 

Asn 
345 

Asn 

Protein sequence of SEC2.16 (CNE) 

Thir 

Thir 

Asp 

Gly 

Thir 

Ile 
90 

Wall 

Wall 

Ala 

Pro 

Lys 
17O 

Gly 

Arg 

Thir 

Arg 

Lys 
250 

Ser 

Ser 

Asn 

Asn 
330 

Ser 

Glin 

Glin 

Ser 

Wall 

Thir 

Phe 

Luell 
7s 

Glu 

Arg 

Gly 

ASn 
155 

Glu. 

Glin 

ASn 

Phe 

Luell 
235 

Thir 

Ile 

ASn 

Arg 

Glin 
315 

Asp 

Trp 

Lys 

Ser 

Lell 

Ile 

Asn 
6 O 

Glu 

Thir 

Asn 

Wall 

Thir 
14 O 

Asp 

Trp 

Thir 

Glu 

Pro 
22O 

Asp 

Trp 

His 

Tyr 
3 OO 

Asp 

Glin 

Glin 

Ile 

Glin 
38O 

Thir 

Wall 

Glu 
45 

Wall 

Met 

Wall 

Gly 
125 

Gly 

Thir 

Wall 

Lell 

Arg 

Asn 

Glin 

Ile 

Glin 
285 

Thir 

Gly 

Ala 

Thir 
365 

Wall 

17 

Wall 

Ala 
3O 

Wall 

Thir 

Thir 

His 

Thir 
11 O 

Asn 

Thir 

Glu 

Ala 

Asp 
19 O 

Phe 

Ser 

Thir 

Glin 
27 O 

Wall 

Ser 

Wall 

Ser 
35. O 

Glu 

Ala 
15 

Phe 

Thir 

Ile 

Luell 

Asp 
95 

Glin 

Arg 

Ser 

Arg 

Asn 
17s 

Met 

Wall 

Wall 

Asp 

Asp 
255 

Ile 

Ala 

Phe 

Arg 

Asn 
335 

Phe 

Ser 

Gly 

Ser 

Asp 

Trp 

Pro 

Asp 

Wall 

Thir 

Thir 

Ser 

Wall 
160 

Thir 

Ser 

Gly 

Ile 

Ala 
24 O 

Phe 

Luell 

Asn 

Thir 

Pro 

Asp 

Gly 

Wall 

Asp 
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Ser 
385 

Ser 

Thir 

Phe 

Ile 
465 

Asp 

Ile 

Met 

Pro 
5.45 

Glin 

Pro 

Gly 

Ile 

Arg 

Asp 

Thir 
450 

Glin 

Ile 

Wall 

Thir 

Thir 
53 O 

Wall 

Wall 

Glin 

Gly 

Wall 

Thir 

Pro 

Lys 
435 

Asn 

Glu 

Thir 

Trp 

Ile 
515 

Pro 

Ala 

Wall 

Gly 

Gly 

Lys 

Wall 

Luell 

Asp 

Asn 

Asn 
SOO 

Luell 

Asp 

Glin 

Gly 

Thir 
58O 

Phe 

Glin 
4 OS 

Glu 

Ala 

Pro 

Pro 

His 
485 

Asp 

Lell 

Glin 

Ala 

Tyr 
565 

Wall 

(15) SEQID NO 29 
014.6 

Arg 

Asp 
65 

Lell 

Ile 

Pro 

Gly 

Thir 

Ser 

Ala 

Asp 
SO 

Ile 

Gly 

Pro 

Gly 

Glu 
13 O 

Asn 

Ala 

Wall 
35 

Gly 

Gly 

Ala 

115 

Ala 

Phe 

Arg 

Ile 

Pro 

1OO 

Pro 

Gly 

Thir 

Ile 

Ala 

Lell 

Tyr 

Asp 
85 

Thir 

Gly 

Pro 

Thir 
390 

Ile 

Thir 

Wall 
470 

His 

Glin 

Gly 
550 

Glin 

Thir 

Ala 

Asp 

His 

Phe 
70 

Gly 

Glu 

Arg 

- Continued 

Ile 

Thir 

Thir 

Ala 

Tyr 
45.5 

Ala 

Glu 

Asp 

Ala 

Gly 
535 

Ala 

Asn 

Arg 

Lell 

Glin 

Thir 
55 

Glu 

Pro 

Arg 

Gly 
135 

Thir ASn. Thir 

Trp 

Wall 

Ser 
44 O 

Asp 

Wall 

Asp 

Asp 
52O 

Pro 

Thir 

Protein sequence of ScIC 

Thir 

Ala 

Pro 
4 O 

Arg 

Asp 

Wall 

Glin 

Gly 
12 O 

Glu 

Asp 

Arg 
425 

Glu 

Asp 

Ala 

Tyr 
505 

Gly 

Trp 

Ile 

Wall 

Luell 
585 

Gly 

Ala 
25 

Ala 

Glu 

Luell 

Glu 

Gly 
105 

Pro 

Glin 

Asp 

Luell 

Glin 

Gly 

Thir 

Luell 
490 

Glu 

Ser 

Tyr 
st O 

Asn 

Luell 

Luell 

Ala 

Gly 

Glu 

Glu 
90 

Pro 

Ala 

Gly 

Tyr 
395 

Arg 

Luell 

Thir 

Thir 
47s 

Thir 

His 

Wall 

Tyr 
555 

Glu 

Pro 

Wall 

Ala 

Luell 

Asp 

Ala 

Ala 

Gly 

Pro 

Thir 

Glu 

Ala 

Gly 

Glin 
460 

Thir 

Ser 

Ile 

Thir 
54 O 

Ser 

Wall 

Ser 

Arg 

Ser 

Ala 

Gly 

Pro 

Ala 
14 O 

Pro 

Asn 

Asn 

Trp 
445 

Ile 

Ile 

Lell 

Arg 

Arg 
525 

Phe 

Ile 

Asp 

Lell 

Tyr 
45 

Ile 

Lell 

Glin 

Asp 

125 

Gly 

18 

Glu 

Glin 

Asp 
43 O 

Thir 

Glin 

Pro 
51O 

Glu 

Asp 

Glu 

Glu 

Lys 
59 O 

Gly 
3O 

Pro 

Thir 

Lys 
11 O 

Gly 

Glin 

Wall 

Asp 
415 

Ala 

Gly 

Wall 
495 

His 

Glin 

Glu 

Gly 
sts 

Luell 

Gly 
15 

Ala 

Glu 

Asp 

Ala 

Pro 

95 

Gly 

Asp 

Ala 

Ile 
4 OO 

Gly 

Ala 

Thir 

Thir 

Phe 

Ile 

Glu 

Glin 

Luell 

Lys 
560 

Luell 

Glu 

Ala 

Gly 

Pro 

Glu 

Arg 

Gly 

Asp 

Thir 

Gly 
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- Continued 

Glu 
145 

Pro Pro 
155 

Arg Gly Pro Gly 
150 

Asp Pro Gly Ala Gly 

Gly Asp Thr Gly Ala Val Pro Glu 
1.65 

Gly Lys Gly 

Gly Ala Thr Gly Pro Glu 
18O 

Gly Asp Llys 
185 

Gly Arg Gly 

Glu Glin Glin Glu Glu Glin Glin Gly 
195 

Arg Gly Lys Gly Gly 

Gly Glu Glin Glin 
21 O 

Pro Llys 
215 

Gly Asp Gly Lys 
22O 

Asp 

Ala Ala Glu Ala Ala 
235 

Pro Pro Pro 
23 O 

Ser Pro 
225 

Ala Glu Glin Ala 
250 

Ser Ser Asn. Pro Pro Ala Pro 
245 

Ser 

Ser Ala Ala Pro Thr Glin Ala Ala 
26 O 

Pro Ser Gly 
265 

Lys 

Thir Glu Ile Phe 
28O 

Phe Thr Ala Ala 
285 

Gly Asn His Pro Luell 

Ile Ala 
29 O 

Wall Wall Lieu. Thir Lieu. 
295 

Ser Gly Gly Lys 
3 OO 

Lys 

(16) SEQID NO30. Recombinant protein IdeE 

GPLGSDDYORNATEAYAKEVPHOITSWWTKGVTPLTPEQERYNNEDWIHA 

PYLAHOGWYDITKAFDGKDNLLCGAATAGNMLHWWFDONKTEIEAYLSKH 

PEKOKIIFNNOELFDLKAAIDTKDSOTNSOLFNYFRDKAFPNLSAROLGV 

MPDLVLDMFINGYYLNWFKTOSTDVNRPYODKDKRGGIFDAVFTRGDOTT 

LLTARHDLKNKGLNDISTIIKQELTEGRALALSHTYANVSISHVINLWGA 

DFNAEGNLEAIYWTDSDANASIGMKKYFWGINAHRHWAISAKKIEGENIG 

AQWLGLFTLSSGKDIWOKLS 

Amino acids in bold originates from the vector. 

Example 10 

Vaccination Study 

0147 The objective of this study was to determine the 
level of protection conferred on vaccination with Intervacc’s 
new multi-component Subunit vaccine following intranasal 
challenge with wild type S. equistrain 4047 in Welsh Moun 
tain ponies. The study has been performed by Animal Health 
Trust, UK. The vaccines used therein, which are designated 
Nordostrep Septavac or Nordostrep Pentavac A (or only Sep 
tavac or Pentavac) are disclosed below. 

Methods 

0148. The ponies were initially randomised into 3 groups 
for the vaccination period. 

19 

Lys 

Gly 

Glu 
19 O 

Arg 

Thir 

Ala 

Luell 
27 O 

Luell 

Asp 
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Glu 
160 

Gly 

Asp Thr 
17s 

Gly 

Glu 

Pro 

Pro Llys 
24 O 

Ser Ala 
255 

Pro Ala 

Ser Wall 

TABLE 1 

Vaccination groups. 

Group Vaccine No per group Route 

1 Nordostrep Septavac 7 IN - SC 
2 Nordostrep Pentavac A 7 IN - SC 
3 Placebo 7 IN - SC 

In the first trial groups 1 and 3 were taken through to chal 
lenge. (The challenge of second trial group 2 (Pentavac A) is 
described in section 9). The decision as to which vaccine 
group to challenge was taken by Intervacc one week prior to 
challenge. 

The Nordostrep Pentavac A Formulation 
014.9 The Pentavac vaccine consisted of the following five 
S. equi recombinant proteins: EAG, ScIC, CNE, Eq5 and Eq8. 
For Subcutaneous vaccination, the five proteins were mixed in 
PBS (50 ug/ml of the respective protein), divided in aliquots 
of 1 ml in vials and stored at -20°C. Immediately before 
vaccination, the vial was thawed and mixed with 1 ml adju 
vant (Abisco 200, 375 g/dose, Isconova AB, Sweden). For 
intranasal vaccination the five proteins were mixed in PBS 
(150 lug/ml of respective protein) and divided in aliquots of 2 
ml in vials and stored at -20°C. Immediately before vacci 
nation the vial was thawed and mixed with 2 ml adjuvant 
(Abisco 300, 500 ug/dose, Isconova AB, Sweden). In the 
placebo formulations the S. equiproteins were omitted. Thus, 
the placebo for subcutaneous vaccination only contained PBS 
and Abisco 200, 375 g/dose and for intranasal vaccination, 
the placebo contained only PBS and Abisco 300, 500 ug/dose. 

The Nordostrep Septavac Formulation 
0150. The Septavac vaccine consisted of the following 
seven S. equi recombinant proteins: EAG, ScIC, CNE, Eq5, 
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Eq8, IdeE and IdeE2. For subcutaneous vaccination, the 
seven proteins were mixed in PBS (50 ug/ml of respective 
protein) and divided in aliquots of 1 ml in vials and stored at 
-20°C. Immediately before vaccination the vial was thawed 
and mixed with 1 ml adjuvant (Abisco 200, 375 ug/dose, 
Isconova AB, Sweden). For intranasal vaccination, the seven 
proteins were mixed in PBS (150 lug/ml of the respective 
protein) and divided in aliquots of 2 ml in vials and stored at 
-20°C. Immediately before vaccination, the vial was thawed 
and mixed with 2 ml adjuvant (Abisco 300, 500 ug/dose, 
Isconova AB, Sweden). In the placebo formulations, the S. 
equiproteins were omitted. Thus, the placebo for Subcutane 
ous vaccination only contained PBS and Abisco 200, 375 
ug/dose, and for intranasal vaccination, it only contained PBS 
and Abisco 300, 500 lug/dose. 
0151. In these formulations, EAG is comprised of the frag 
ment EAG4B and CNE is the fragment designated 2.16. 

Short Summary of Results 
0152 This study evaluated the efficacy of a new multi 
component Subunit vaccine for the prevention of Strangles. 
The Septavac Vaccine induced pyrexia in ponies for one day 
after first and second vaccinations. However, there were no 
other adverse reactions and this vaccine appears to be very 
well tolerated. 
0153 All ponies were challenged with an identical dose of 
1x10 cfu of S. equistrain 4047, which was split and admin 
istered via both nostrils. All seven control ponies developed 
pyrexia and multiple lymph node abscesses (100%). Only one 
vaccinated pony developed pyrexia (which could have been 
due to an ongoing S. Zooepidemicus infection) and only one 
developed lymph node abscesses (14%). Statistically, vacci 
nated ponies were significantly protected from S. equi as 
measured by temperature, post mortem score, and fibrinogen 
and neutrophil levels. 
0154) Overall, the Septavac vaccine was a safe and effec 

tive vaccine for the prevention of strangles. However, the 
invention is not restricted to the Septavac and Pentavac vac 

20 
Jan. 27, 2011 

cines which have been studied in this Example but many 
combinations of the present antigens/immunogens are pos 
sible candidates for use in vaccine compositions for preven 
tion of Strangles. 

1 Procedure 

(O155 Two earlier studies (WO 2004/032957 A1 and ref. 
27) demonstrated that Intervacc Vaccines conferred some pro 
tection against S. equi challenge. All four vaccinated groups 
across the two studies showed reduced guttural pouch empy 
ema. The present study was designed to compare the immu 
nogenicity of two Nordvacc Vaccines: one containing five 
(Pentavac) and one containing seven (Septavac) S. equi pro 
teins. 
0156 Blood and nasal wash samples were taken according 
to the protocol to determine the equine immune responses to 
the vaccine subunits. Based on immunogenicity data, one 
vaccinated group was challenged to quantify the level of 
protection conferred. 
0157 Each pony was challenged with a total challenge 
dose of 1x10 cfu of S. equistrain 4047 administered via the 
spraying of a 2 ml culture containing 5x107 cfu into both 
nostrils. This dose regime is believed to optimise the infection 
rate whilst avoiding overwhelming the host immune 
response. 
0158 Ponies were carefully monitored for the onset of 
clinical signs of disease over a period of three weeks post 
challenge by regular checks, daily physical examination, 
monitoring of body temperature, the taking of sera to deter 
mine seroconversion and the taking of nasal washes for bac 
teriological analysis. All ponies were subjected to post mor 
tem examination following abscessation or reaching the study 
endpoint at 3 weeks post challenge to determine the severity 
of disease pathology according to a scoring system developed 
at the AHT. Histopathological examination of tissues recov 
ered from the study ponies was used to identify early signs of 
S. equi infection that were not obvious on post mortem (PM) 
examination. 

TABLE 2 

Sampling Schedule 

Day Volume of 
Day of of sera to be 
study week date procedure taken Sample, Analysis, comment 

ay -10 Thurs 31.01.2008 veterinary 
examination 

ay 1 Mon 11 O22008 Obs/temps, 40 ml normal, IgG and CFU from NW: ELISA for IgG from sera 
NW, BL 20 ml EDTA 

ay 2 Tues 1202, 2008 Obsitemps 
ay 3 Wed 13.02.2008 Obsitemps 
ay 4 Thurs 14f02:2008 Obs/temps, V1 7 contrand 7 vaccinated 
ay 5 to 18 Fri 15,022008 to ObSitemps 

28.02.2008 
ay 50 Mon 31 O3, 2008 Obs/temps, 20 ml normal IgG and CFU from NW: ELISA for IgG from sera 

NW, BL 
ay 51 Tues 01 042008 Obsitemps 
ay 52 to 59 Wed 02/04/2008 to Obs/temps 

09.04, 2008 
ay 60 Thurs 10,042008 Obs/temps, V2 7 contrand 7 vaccinated 
ay 61 to 68 Fri 11,042008 to ObSitemps 

18:04, 2008 
ay 71 Mon 21,042008 Obs/temps, 20 ml normal IgG and CFU from NW: ELISA for IgG from sera 

NW, BL 
ay 72 Tues 22,042008 Obsitemps 
ay 73 Wed 23.04.2008 Obsitemps 
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TABLE 2-continued 

Sampling Schedule 

Day Volume of 
Day of of sera to be 
study week date procedure taken Sample, Analysis comment 

ay 74 Thurs 24,042008 Obs/temps, V3 7 contrand 7 Vaccinated 
ay 75 to 81 Fri 25,042008 to ObSitemps 

2fOS 2008 
ay 86 Tues 06/05/2008 Obs/temps, 40 ml normal, IgG and CFU from NW: ELISA for IgG from sera; fibrinogen and 

NW, BL 20 ml EDTA neutrophill levels to be quantified 
Move to Allen Centre 

ay 87 Wed O70S, 2008 Obsitemps 
ay 88 Thurs 0805/2008 Obs/temps, 

Challenge 
ay 89 Fri O9, OS/2008 Obs/temps, 20 ml normal, IgG and CFU from NW: ELISA for IgG from sera; fibrinogen an 

NW, BL Om EDTA neutrophil levels to be quantifie 
ay 90 Sat 1 OOS2008 Obsitemps 
ay 91 Sun 11/05/2008 Obsitemps 
ay 92 Mon 1205, 2008 Obs/temps, 20 ml normal, IgG CFU from NW: ELISA for IgG from sera; fibrinogen an 

NW, BL Om EDTA neutrophil levels to be quantifie 
ay 93 Tues 1305, 2008 Obsitemps 
ay 94 Wed 14f05, 2008 Obs/temps, 20 ml normal, IgG CFU from NW: ELISA for IgG from sera; fibrinogen an 

NW, BL Om EDTA neutrophil levels to be quantifie 
ay 95 Thurs 1 SOS, 2008 Obsitemps 
ay 96 Fri 1605, 2008 Obs/temps, 20 ml normal, IgG CFU from NW: ELISA for IgG from sera; fibrinogen an 

NW, BL Om EDTA neutrophil levels to be quantifie 
ay 97 Sat 17 OS 2008 Obsitemps 
ay 98 Sun 1805, 2008 Obsitemps 
ay 99 Mon 1905, 2008 Obs/temps, 20 ml normal, IgG CFU from NW: ELISA for IgG from sera; fibrinogen an 

NW, BL Om EDTA neutrophil levels to be quantifie 
ay 100 Tues 2005, 2008 Obsitemps 
ay 101 Wed 21 OS, 2008 Obs/temps, 20 ml normal, IgG CFU from NW: ELISA for IgG from sera; fibrinogen an 

NW, BL Om EDTA neutrophil levels to be quantifie 
ay 102 Thurs 2205/2008 Obsitemps 
ay 103 Fri 23 OS 2008 Obs/temps, 20 ml normal, IgG CFU from NW: ELISA for IgG from sera; fibrinogen an 

NW, BL Om EDTA neutrophil levels to be quantifie 
ay 104 Sat 24f05, 2008 Obsitemps 
ay 105 Sun 2SiO5, 2008 Obsitemps 
ay 106 Mon 2605, 2008 Obs/temps, 30 m gG CFU from NW: ELISA for IgG from sera; fibrinogen an 

NW, BL neutrophil levels to be quantifie 
ay 107 Tues 27 OS 2008 Obsitemps 
ay 108 Wed 28,05, 2008 Obs/temps, 30 m gG CFU from NW: ELISA for IgG from sera; fibrinogen an 

NW, BL neutrophil levels to be quantifie 
ay 109 Thurs 2905, 2008 Obsitemps 

Comments: 

NW = Nasal washings 
BL = Blood sample 
1. Nasal immunisation in both nostrils at all three occasions (2 x 2 ml in each nostril = 4 mlvaccination) 
2. Subcutaneous immunisation near submandibular lymph nodes (1 ml) 
3. Two groups of seven (7) horses will be vaccinated and seven (7) unvaccinated, controls 
4. IgG in sera analysed by IntervaccAS; IgG in NW by AHT (7 antigens) 

2.1 Vaccine 

0159. Nordostrep Vaccines for Horses 
0160 Group 1: 7 ponies vaccinated with Nordostrep Pen 
tavac A 
016.1 2 ml subcutaneous injection (1 ml on each side of 
the head) 

0162 4 ml intranasal injection (2 ml in each nostril) 
(0163 Day 4: 60: 74 

0164 Group 2: 7 ponies vaccinated with Nordostrep Sep 
taVac 

0.165 2 ml subcutaneous injection (1 ml on each side of 
the head) 

0166 4 ml intranasal injection (2 ml in each nostril) 
(0167 Day 4: 60: 74 

0168 Group 3: 7 ponies vaccinated with Placebo 
0169 2 ml subcutaneous injection (1 ml on each side of 
the head) 

0170 4 ml intranasal injection (2 ml in each nostril) 
(0171 Day 4: 60: 74 

(0172. The vaccine vials were received by the AHT prior to 
the first vaccination and stored at -20°C. until use in freezer 
number EQNo. 2305. Placebo (containing no antigens) and 
adjuvant vials were stored at 4°C. until use infridge number 
EQ No. 44. 
0173 At the time of vaccination, vaccines and adjuvants 
were mixed as stated in the protocol in situ by A Waller, L 
Prowse or C Robinson at AHT. 

2.2 Challenge Bacterium 

0.174 S. equi 4047 was prepared from fresh plates as 
described in SOP/BACT/25. 

0.175. The bacteria grew as expected and the 1:40 diluted 
culture was harvested when the ODoo, reached 0.3. The 
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growth of the challenge inoculum is shown in FIG. 6. The 
following results were obtained. 
(0176) Plating results: 1/10 dilution 37 colonies 

(0177 35 colonies 
0.178 33 colonies 
0179 32 colonies 

0180. Mean=34.25 in 100 ul 
0181. Therefore actual dose per pony=4x34.25x10x10 
0182 =1.37x10 cfu/dose 

3 Animal Management 
3.1 Supply 
0183 Twenty one Welsh Mountain ponies originally sup 
plied by Mr Beedles, Shropshire, UK, were used. Ponies were 
approximately 8 months of age at the time of the first vacci 
nation. 

3.2 Identification/allocation 

0184 Ponies were identified by a microchip in the neck. 
The 21 ponies were randomly assigned to vaccination groups 
(Table 3). 

TABLE 3 

Vaccination groups and pony chip IDs 

Group Vaccine Pony Chip ID's 

1 Septavac OOO12, OO159, 00833, O0976, 
99.123,996.68,997.94 

2 Pentavac O1298, 01605,01724,99223, 
99229,99773,999.19 

3 Placebo OO173, OO427, 01635, 02078, 
99549,99776,99886 

3.3 Husbandry 
0185. Prior to challenge, ponies were kept at pasture on 
grass at Lanwades Park, Kentford, UK and Kirtling, Newmar 
ket, UK. These sites have been approved by the Home Office 
for this type of work. Drinking water was available ad libitum. 
0186 Ponies in groups 1 and 3 were transferred to the 
ACVS (Allen Centre), three days prior to challenge to allow 
acclimatisation. Ponies were separated into two animal 
rooms according to their vaccination groups, so that ponies 
from each vaccination group were kept together. 

Methods 

4.1 Vaccination 

0187 Vaccinations were given by subcutaneous injection 
near the retropharyngeal lymph nodes according to AHT 
SOP/EQU/03 or via intranasal spray according to AHTSOP/ 
EQU/07. 

4.1.2 Preliminary Clinical Examination 
0188 A veterinarian clinically examined all ponies before 
the first vaccination, before V2 (due to S. zoo infection) and 
before V3. Only healthy ponies in good clinical condition 
were included in the study (SOP/EQU/08). 

4.1.3 Vaccination 

0189 Ponies received vaccinations according to Table 4. 
With the exception that pony 9229 was pyrexic on Feb. 14, 
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2008 due to an ongoing S. ZOOepidemicus infection. This pony 
recovered over the weekend and was vaccinated on Apr. 18. 
2008. 

TABLE 4 

Vaccination routes and dates 

Group Vaccine V1 V2* V3: 

A. Septavac 14208 10,408 24.f408 
B Pentavac 14208 10,408 24.f408 
C Placebo 14208 10,408 24.f408 

*Delayed by 7 days due to S. Zooepidemicus infection. 

4.1.4 Clinical Observations Around Vaccinations 

0190. Clinical observations were performed daily after 
vaccination. If adverse reactions occurred, then additional 
checks were made as required. 
4.2 Experimental Challenge with S. equi 4047 
4.2.1 Preliminary Clinical Examination 
(0191 Prior to transfer to the ACVS, a veterinarian clini 
cally examined the challenge ponies. Only healthy ponies in 
good clinical condition were subjected to the challenge. 
4.2.2 Challenge 
0.192 Two weeks after the third vaccination (Aug. 5, 
2008), each pony was challenged by intranasal administration 
of 2 ml of a fresh S equi 4047 culture into both nostrils using 
a flexible tube and spray nozzle according to AHT SOP/ 
BACT32. Such a challenge dose was predicted to contain a 
total of 1x10 cfu of S. equi 4047. 
0193 No problems were encountered during the adminis 
tration of the challenge dose. Spare inocula were used to 
quantify the actual challenge dose administered, which was 
found to be 1.37x10 cfu/dose. 

4.3 Post Challenge Monitoring 
4.3.1 Clinical Examination 

(0194 Ponies were examined according to AHT SOP/ 
EQU/02. Each pony was examined clinically on the day of 
challenge, and on each of the following 21 days for the occur 
rence of symptoms associated with S. equi infection (de 
meanor, nasal discharge, lymph node Swelling and abscessa 
tion, signs of coughing, difficulty Swallowing and feeding, 
and ocular signs). 
4.3.2 Rectal Temperatures 
0.195 Individual rectal temperatures were taken at around 
9.00 am from the day of challenge through to day 21 after 
challenge. 
4.4Blood Sampling 
0.196 Blood samples were taken from the jugular vein 
according to AHTSOP/EQU/01 and according to the study 
protocol schedule. Serum was prepared according to AHT 
SOP/EQU/01 and stored frozen at -20° C. or below until use. 
4.5 Processing of Blood Samples 
0.197 Processing of blood samples was carried out by 
Leah Prowse under the responsibility of Andrew Waller at the 
Animal Health Trust. 

4.6 Processing of Nasal Wash Samples 
0198 Individual nasal washes were taken according to 
AHTSOP/EQU/02 as stated in the study protocol schedule. 
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(0199. A 500 ulsample of the nasal wash was added to 500 
ul of Todd-Hewitt Broth in situ at the time of sampling for 
transportation to the lab to allow quantification of the number 
of B-haemolytic streptococci per ml according to AHTSOP/ 
BACT/02. The remaining nasal wash sample was centrifuged 
and the Supernatant decanted into a clean 5 ml polypropylene 
tube and stored at 

-70° C. until use for quantification of mucosal antibodies. 

4.7 PostMortem Examination 

0200 Provision was made for a complete post mortem 
examination to be carried out by the Animal Health Trust on 
all ponies following euthanasia as a result of abscessation or 
on reaching the study end point 21 days post challenge. 
0201 Tissue samples were preserved in phosphate buff 
ered formalin and Subjected to microscopic examination 
according to standard techniques and provision of a full and 
formal report. Tissue swabs were taken and the results 
recorded and used to evaluate the level of S. equi infection. 
Charcoal swabs were taken from each of the areas as stated in 
the protocol and processed on COBA Streptococcal selective 
plates to determine the presence of S. equi. 
0202 
Table 5. 

Strangles pathology was scored using the system in 

TABLE 5 

Pathology scoring System 

Pathology Score 

Retropharyngeal or Submandibular lymph node abscess: 15 
Retropharyngeal or Submandibular lymph node 10 
microabscess: 
Empyaema of guttural pouch: 
Scarring of guttural pouch: 
Enlarged lymph node: 
Follicular hyperplasia of guttural pouch: 

4.8 Histopathological Examination 

0203 Tissue samples taken from ponies at post mortem 
examination were fixed in formalin, cut into sections and sent 
to Professor Ken Smith at the Royal Veterinary College for 
analysis. Professor Smith prepared a report for the samples 
from each pony and his observations were scored according 
to Table 6. 

TABLE 6 

Histopathology scoring system 

Histopathology Score 

Rhinitis 
Lymphadenitis 
Pharyngitis 
Lymph node abscessation 
Guttural pouch empyema 

Deviations 

0204 The study was performed in accordance with the 
study protocol no. 08.C001.P and subsequent amendments, 
with the following deviations from the agreed study protocol: 

Jan. 27, 2011 

0205 Pony 9229 was pyrexicon Feb. 14, 2008 due to an 
ongoing S. Zooepidemicus infection. This pony recov 
ered over the weekend and was vaccinated on Apr. 18, 
2008. 

0206 Date of V2 delayed 7 days due to S. zoo infection 
in 45% of ponies. This had a knock on effect on V3 and 
challenge which were also delayed 7 days. 

0207 Adelay of one day occurred on sampling ponies 
due to staff shortages. Ponies due to be sampled on day 
85 were actually sampled on day 86. 

0208. 20 ml of EDTA blood was taken on day 86 instead 
of 10 ml to enable purification of the ponies' DNA for 
archiving. 

0209 Nordvacc decided to retain the unchallenged Pen 
tavac group (2) for a 6-month period to monitor the 
duration of antibody response. 

6 Fate of Ponies at the End of the Study 
0210 All ponies in groups 1 and 3 were euthanased and 
Subjected to post mortem examination. Ponies in group 2 
were retained for 6 months to monitor the duration of anti 
body responses. 

7 Archiving 

0211. The raw data have been archived by Animal Health 
Trust, Lanwades Park, Kentford, Newmarket, Suffolk, CB8 
7UU. 

8 Summary of Results 
8.1 Responses Following the First and Second Vaccinations 
8.1.1 Clinical Responses 
0212 All ponies responded well to first vaccination. No 
injection site reactions were observed in any of the groups. 
However, a rise in rectal temperature was observed in the 
vaccinated groups (FIG. 7). This was most pronounced in the 
Septavac group with 4 of 7 ponies developing pyrexia (tem 
perature>38.9°C.) one day post V1 and 5 of 7 ponies devel 
oping pyrexia one day post V2. In comparison, 2 of 7 ponies 
of the Pentavac group and none of the controls were pyrexic 
post V1, and 3 ponies of the Pentavac group and no controls 
were pyrexic post V2. Interestingly, only 1 Septavac, 2 Pen 
tavac and 1 control pony developed pyrexia post V3. This 
could be due to the high level of antibodies induced post V2. 
which may have neutralized the antigens in the vaccine more 
effectively. 
0213. There were no obvious differences in nasal score 
(FIG. 8), lymph node score (FIG. 9) or S. Zooepidemicus 
counts (FIG. 10) between the study groups during the vacci 
nation phase, with the exception of some ponies that had 
ongoing S. Zooepidemicus infections typical of ponies of this 
age. This resulted in a rise in mean rectal temperature around 
the original date for V2 (Apr. 3, 2008) as demonstrated in 
FIG. 7. Ponies were allowed to recover from this S. zooepi 
demicus infection and all ponies were vaccinated on Apr. 10, 
2008. 

8.2 Responses Following Challenge 
0214. The preparation and conduct of both challenges 
went extremely well and all ponies received the required dose 
of S. equi without incident on the May 8, 2008. 
0215 Earliest onset of pyrexia was at day 4 post challenge 
in control pony 2078. Two more ponies developed pyrexia on 
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day 5, another on day 6 and 7 and the final control pony 
developed pyrexia on day 10 (FIG. 11). The mean number of 
days that control ponies were pyrexic was 4.2 days compared 
with 0.7 days for vaccinated ponies (Table 7). However, it 
should be noted that control ponies were euthanased on well 
fare grounds from day 8 post challenge and all control ponies 
had been euthanased by day 13 post challenge. This has had 
a knock on effect on the mean temperatures, observation 
scores, fibrinogen and neutrophil levels and observation 
scores for control ponies, which decline as ponies succumb 
ing to S. equi infection were euthanased. 
0216. Overall, there was a significant difference in the 
mean temperatures of the two groups from day 5 to day 11 
post challenge (FIG. 11). Of the Septavac ponies only pony 
0976 developed pyrexia on day 8 (Table 7). However, this 
may have been due to the ongoing S. ZOOepidemicus infection 
that was evident in this pony. 
0217 Fibrinogen levels were significantly different 
between the two study groups on days 6, 8 and 11 post 
challenge (FIG. 12). All controls developed elevated fibrino 
gen levels, but only 2 vaccinates (ponies 0976 and 9794) had 
higher levels. 
0218. Neutrophil levels were also significantly different 
between the two study groups on days 6, 8 and 11 post 
challenge (FIG. 13). All controls developed elevated neutro 
phil levels, but only 1 vaccinate (pony 97.94) had higher 
levels. 

0219. There was an increased level of submandibular 
lymph node Swelling in control ponies, although this did not 
appear to be statistically significant (FIG. 14). There were no 
differences in nasal discharge (FIG. 15) or S. Zooepidemicus 
counts (FIG. 16) between the study groups. 
0220. On post mortem examination, all controls were 
found to have multiple lymph node abscesses, while only one 
vaccinated pony, 97.94, was found to have lymph node 
abscesses (Tables 8 and 9). Overall the mean pathology score 
for controls and 11.7, respectively indicating that a significant 
level of protection had been induced by the Septavac vaccine 
(FIG. 17). S. equi was isolated from the lymph nodes of all 
control ponies, but only 2 vaccinates (0976 and 9794) (Table 
10). These findings were strengthened by histopathological 
examination, which confirmed that only one Septavac pony 
had developed abscesses in at least two of their lymph nodes 
(Table 11 and FIG. 18). 
0221) Furthermore, the IgG levels in nasal washings and 
serum samples of the septavac group were measured using 
ELISA (FIGS. 19 and 20) showing that the antigens generate 
mucosal and serum antibodies. 

TABLE 7 

Number of days pyrexie after challenge 

Pony Number of 
Group ID days 

Septavac OO12 O 
Septavac O159 O 
Septavac O833 O 
Septavac O976 5 
Septavac 9123 O 
Septavac 96.68 O 
Septavac 9794 O 
Control O173 2 
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TABLE 7-continued 

Number of days pyrexic after challenge 

Pony Number of 

Group ID days 

Control 0427 4 

Control 1635 5 

Control 2O78 4 

Control 9549 4 

Control 9776 5 

Control 9886 6 

Mean Septavac = 0.7 days 

Mean control = 4.2 days 

*All control ponies were euthanased by day 13 post-challenge, but most would have 
continued to have elevated temperatures had they not been euthanased on welfare grounds, 

TABLE 8 

Post Morten Analysis after Challenge 

Total PM 
Group Pony ID SCOe 

Septavac OO12 6 
Septavac O159 3 
Septavac O833 5 
Septavac O976 6 
Septavac 9123 4 
Septavac 96.68 1 
Septavac 9794 57 
Control O173 42 
Control O427 53 
Control 1635 66 
Control 2O78 49 
Control 9549 57 
Control 9776 43 
Control 9886 42 

TABLE 9 

Number and Location of Abscesses on PostMorte 

SMLN RPLN 

Group Pony ID L R L R 

Septavac OO12 
Septavac O159 
Septavac O833 
Septavac O976 
Septavac 9123 
Septavac 96.68 
Septavac 9794 M M M 
Control O173 M M 
Control O427 M M M 
Control 1635 M M M M 
Control 2O78 M M M 
Control 9549 M M M 
Control 9776 M M 
Control 9886 M M 

SMLN-Submandibular Lymph Node 
RPLN-Retropharyngeal Lymph Node 
w = abscess 
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TABLE 10 

S. equi Counts Found in the Lymph Nodes on Post Morten 

S. equi 
Tracheal Confirmed 

Pony SMLN RPLN Cervical Broncheal by Sugar 

ID L. R L R LN LN test 

OO12 
O159 
O833 
O976 - Sparse — Yes 
9123 
96.68 
97.94 - Con Con Con — Yes 
0173 Sparse Sparse Con Con — Yes 
O427 Con Con Con Con — Yes 
1635 Con Con Con Con — Yes 
2O78 Con Con Con Con Con Yes 
9549 Con Con Con Con — Yes 
9776 Sparse Sparse Con Con — Yes 
9886 - Sparse Con Con — Yes 

0222 Ponies 0833 and 0159 showed sparse S. equi in areas 
other than the lymph node. Ponies 0012, 9123 and 9668 
showed no S. equi. 
Con-confluent 

SMLN-Submandibular Lymph Node 
RPLN Retropharyngeal Lymph Node 
0223 

TABLE 11 

25 
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gens present in the Pentavac A formulation (FIG. 21). In Day 
270 (Nov. 6, 2008) a booster dose of Pentavac A was given 
according to the procedure described in section 4.1. Before 
challenge the group was transferred to ACVS and fourteen 
days post booster the group was experimentally challenged 
with S. equi 4047 as described in section 4.2 and monitored 
essentially as described in section 4.3. 

9.1 Brief Summary of the Pentavac A. Vaccination Study 

0225. The Pentavac A study revealed that after vaccination 
a significant antibody response against the individual anti 
gens remains for at least six months (FIG. 21). 
The Pentavac A vaccine delayed the onset of infection upon 
challenge with S. equi and that one of the ponies in the group 
did not developed strangles. 

Further Applications 

0226 One implication of the present invention is that 
enzymes degrading immunoglobulins can be used as antigens 
in a vaccine to protect the target animal from infection. There 
fore one embodiment of the present invention is that concern 
ing the human pathogenic group A Streptococci (GAS) it is 
possible to construct a vaccine composition which protects 
humans from infections caused by this bacterium. In strains 
of GAS there are several reported extracellular immunoglo 
bulin degrading proteins (called Sib35, IdeS or Mac-proteins) 
which share amino acid sequence homologies to IdeE and 
IdeB2 and therefore in light of the present invention can be 
purified and used as antigens in a vaccine separately or in 
combination with other purified extracellular proteins (like 

Histopathology Scores 

Pony Chip ID 

OO12 O159 O833 O976 91.23 96.68 9794 O173 0427 

dentity Sep 

Nasal 
turbinate 
Nasopharynx 
SMLN-L 
SMLN-R 
RPLN-L 
RPLN-R 
Gutpouch-L 
Gutpouch-R 
Lung 
Brain 

O 1 1 O O O 

TOTAL 10 6 1 3 O O 25 2O 

Rhinitis; 1 
Guttural pouch empyaema: 5 
Pharyngitis: 1 
Lymphadenitis: 1 
Sep = Septavac 
Lymph node abscessation: 5 
Con = Control 

9. Pentavac A. Vaccination Study 

0224. In the second trial the seven horses of group 2 (sec 
tion 3.2, table 3) where after vaccination V3 (Table 4) kept at 
pasture on grass and blood samples where taken regularly to 
measure IgG antibody titers in ELISA against the five anti 

3 O 

1635 2078 9549 9776 9886 

Con Con Con Con Con 

O O O 1 O 

O O O O O 
5 O 5 O O 
5 5 O O O 
5 5 5 5 5 
5 5 5 5 5 
5 5 5 5 5 
5 5 5 5 5 
O O O O O 
O O O O O 

30 25 25 21 2O 

M-proteins or M-like proteins or fragments thereof) from 
group A Strains. As in the present invention another implica 
tion is that the invention can be used to develop specific 
antisera, polyclonal or monoclonal antibodies to be used for 
diagnostic purposes or to be used in passive immunisations of 
the target animal including humans. 
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- Continued 

Met Met Lys Lys Glin Ser Phe Thr His Ser Arg Llys Pro Llys Phe Gly 
1. 5 1O 15 

Met Arg Llys Lieu. Ser Ile Gly Lieu Ala Ser Cys Met Lieu. Gly Met Met 
2O 25 3O 

Phe Lieu. Thir Thr Gly His Val Ser Gly Glu Val Val Glu Val Trp Pro 
35 4 O 45 

Asn Gly Glin Asn Pro Asn Gly Lys Ile Glu Ile Lieu. Ser Glin Thr Glu 
SO 55 6 O 

His Ser Glu. His Lieu Gln Llys Lieu. Arg Asp Ile Glu Asp Phe Glin Ala 
65 70 7s 8O 

Glin Lys Glin Ala Asp His Val Arg Tyr Thir Lys Trp Lieu. Asp Gly Val 
85 90 95 

Thr Val Asp Glu. His Glu Phe Arg Lys Ile Lys Glu Tyr Asp Thr Glu 
1OO 105 11 O 

Tyr Tyr Val Thr Pro Leu Lleu Ser Gly Lys Gly Tyr Tyr Asp Ile Asn 
115 12 O 125 

Lys Asp Phe Asin Glin Asp Ser Asp Llys Cys Ala Ala Ala Val Ala Ala 
13 O 135 14 O 

Asn Met Phe His Tyr Trp Phe Asp Arg Asn Arg Asp Ser Ile Asn Arg 
145 150 155 160 

Phe Lieu. Ser Glin Ser Pro Gly Glu Asn Gly Val Ile Llys Lieu. Glu Asn 
1.65 17O 17s 

Glu Lys Thir Ile Glu Val Ser Llys Phe Lieu. Glu Thir Tyr Arg Ser Asp 
18O 185 19 O 

Gly Asp Tyr Lieu. Asp Llys Ser Pro Phe Phe Asp Lieu. Ile Ser Asn. Ser 
195 2OO 2O5 

Phe Lys Gly Pro Val Trp Ala Asn Llys Lieu. Lieu. Asp Ala Tyr Ile Asn 
21 O 215 22O 

Gly Tyr Gly Tyr Ile His Llys Phe Ala Lys Asn Thr Pro His Ser Lys 
225 23 O 235 24 O 

Asn Asn. Asn. Ser Llys Phe Asn. Phe Phe Llys Llys Val Phe Asp Gly Asn 
245 250 255 

Lieu. Lieu. Thir Asp Ile His Glin Ile Phe Asp Tyr Asn Thr Phe Ser Asp 
26 O 265 27 O 

Llys Lieu. Ser Glu Ala Lieu. Tyr Thr Gly Lys Ala Ile Gly Lieu Ala Tyr 
27s 28O 285 

Gly Pro Gly Asp Lieu. Arg Arg Ser Lieu. Gly His Ile Ile Ser Val Trp 
29 O 295 3 OO 

Gly Ala Asp Lieu. Asp Asp Glin Asn Arg Val Val Ala Ile Tyr Val Thr 
3. OS 310 315 32O 

Asp Ser Asp Asp Llys Llys Lieu. Thir Ile Gly Asn. Glu Arg Val Gly Lieu 
3.25 330 335 

Lys Arg Tyr Llys Val Ser Ser Asp Asp Glin Gly Arg Ala Arg Lieu. Thir 
34 O 345 35. O 

Thir Arg Asp Lys Asp Asn Thr Gly Gly Glu Ile Arg Ser Ile Glu Thir 
355 360 365 

Lieu. Asp Met Gly Thr Glin Glu Trp Ala Asp Tyr Phe Asn Llys Thr Glu 
37 O 375 38O 

Lys 
385 
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- Continued 

<210s, SEQ ID NO 2 
&211s LENGTH: 349 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized Ide E2 protein having 
one N-terminal and four C-terminal amino acids originating from 
the pTYB4 vector 

<4 OOs, SEQUENCE: 2 

Met Glu Val Val Glu Val Trp Pro Asn Gly Glin Asn Pro Asn Gly Lys 
1. 5 1O 15 

Ile Glu Ile Lieu. Ser Glin Thr Glu. His Ser Glu. His Lieu Gln Lys Lieu. 
2O 25 3O 

Arg Asp Ile Glu Asp Phe Glin Ala Glin Lys Glin Ala Asp His Val Arg 
35 4 O 45 

Tyr Thr Lys Trp Lieu. Asp Gly Val Thr Val Asp Glu. His Glu Phe Arg 
SO 55 6 O 

Lys Ile Lys Glu Tyr Asp Thr Glu Tyr Tyr Val Thr Pro Leu Lleu Ser 
65 70 7s 8O 

Gly Lys Gly Tyr Tyr Asp Ile Asn Lys Asp Phe Asn Glin Asp Ser Asp 
85 90 95 

Lys Cys Ala Ala Ala Val Ala Ala Asn Met Phe His Tyr Trp Phe Asp 
1OO 105 11 O 

Arg ASn Arg Asp Ser Ile ASn Arg Phe Lieu. Ser Glin Ser Pro Gly Glu. 
115 12 O 125 

Asn Gly Val Ile Llys Lieu. Glu Asn. Glu Lys Thir Ile Glu Val Ser Lys 
13 O 135 14 O 

Phe Lieu. Glu Thir Tyr Arg Ser Asp Gly Asp Tyr Lieu. Asp Llys Ser Pro 
145 150 155 160 

Phe Phe Asp Lieu. Ile Ser Asn Ser Phe Lys Gly Pro Val Trp Ala Asn 
1.65 17O 17s 

Llys Lieu. Lieu. Asp Ala Tyr Ile Asin Gly Tyr Gly Tyr Ile His Llys Phe 
18O 185 19 O 

Ala Lys Asn. Thr Pro His Ser Lys Asn. Asn. Asn. Ser Llys Phe Asin Phe 
195 2OO 2O5 

Phe Llys Llys Val Phe Asp Gly Asn Lieu. Lieu. Thir Asp Ile His Glin Ile 
21 O 215 22O 

Phe Asp Tyr Asn Thr Phe Ser Asp Llys Leu Ser Glu Ala Leu Tyr Thr 
225 23 O 235 24 O 

Gly Lys Ala Ile Gly Lieu Ala Tyr Gly Pro Gly Asp Lieu. Arg Arg Ser 
245 250 255 

Lieu. Gly His Ile Ile Ser Val Trp Gly Ala Asp Lieu. Asp Asp Glin Asn 
26 O 265 27 O 

Arg Val Val Ala Ile Tyr Val Thr Asp Ser Asp Asp Llys Llys Lieu. Thr 
27s 28O 285 

Ile Gly Asn. Glu Arg Val Gly Lieu Lys Arg Tyr Llys Val Ser Ser Asp 
29 O 295 3 OO 

Asp Glin Gly Arg Ala Arg Lieu. Thir Thr Arg Asp Lys Asp Asn Thr Gly 
3. OS 310 315 32O 

Gly Glu Ile Arg Ser Ile Glu Thir Lieu. Asp Met Gly Thr Glin Glu Trp 
3.25 330 335 

Ala Asp Tyr Phe Asn Llys Thr Glu Lys Lieu. Glu Pro Gly 
34 O 345 
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- Continued 

<210s, SEQ ID NO 3 
&211s LENGTH: 608 
212. TYPE: PRT 

<213> ORGANISM: Streptococcus equi 

<4 OOs, SEQUENCE: 3 

Met Lys Llys Phe Thr Lys Arg Cys Lieu Lys Gly Cys Gly Lieu Val Gly 
1. 5 1O 15 

Lieu Val Phe Ser Thr Gly Lieu Val Ala Lieu. Ser Asp Asn. Ile Asp Ser 
2O 25 3O 

Ala Lieu. Thr Val Gly Ala Glu Thir Thr Thr Ala Ser Ala Phe Glu Asn 
35 4 O 45 

Asn Gly Thr Gly Gln His Lieu. Asn Trp His Ile Asp Ile Pro Glin Glu 
SO 55 6 O 

Tyr Thr Val Glu Lieu. Gly Glu Pro Ile Thr Ile Ser Asp Leu Met Ser 
65 70 7s 8O 

Glin Ile Thr Val Thr Arg Lys Gly Ser Asn Gly Thr Val Asn Asp Gly 
85 90 95 

Asp Thr Phe Asp Phe Ile Ser Asn Gly Asp Gly Ser Arg Gly Ile Asp 
1OO 105 11 O 

Thr Pro Gly Val Lys Ile Trp Phe Asp Phe Tyr Asn Ala Ala Gly Thr 
115 12 O 125 

Ser Phe Lieu. Thir Asp Glu Met Leu Ala Ser Pro Thr Tyr Ala Val Pro 
13 O 135 14 O 

Gly Gly Ser Tyr Thr Ile Lys Ala Trp Val Phe Tyr Gly Lys Asn Asp 
145 150 155 160 

Thir Lys Llys Lieu. Phe Thr Phe Llys Lieu Lys Asn. Ser Asn. Ser Asn Lys 
1.65 17O 17s 

Thr Glu Lieu. Arg Llys Ser Lieu. Glu Glu Ala Lys Lieu Lys Lieu. Ser Glin 
18O 185 19 O 

Pro Glu Gly. Thir Tyr Ser Asp Glu Ser Lieu. Glin Ala Lieu. Glin Ser Ala 
195 2OO 2O5 

Val Thir Lieu. Gly Llys Thr Tyr Lieu. Asn. Ser Asp Pro Asp Glin Asn Thr 
21 O 215 22O 

Val Asp Glin Ser Val Thr Thr Ile Asp Ser Ala Ile Thr Ser Leu Val 
225 23 O 235 24 O 

Asn Lieu. Asn Ala Lieu. ASn Glu Ala Ile Asn. Glin Ala Thr Pro Phe Ile 
245 250 255 

Thir Asp Gly Lys Glu Tyr Pro Lys Glu Ala Tyr Asp Gly Lieu Val Glin 
26 O 265 27 O 

Llys Lieu Ala Ala Ala Ala Lys Lieu. Glin Asn. Ser Phe Gly Pro Ser Glin 
27s 28O 285 

Gly Asp Val Asp Lys Ala Ala Thr Asp Lieu. Thr Glin Ala Lieu. Thir Thr 
29 O 295 3 OO 

Lieu Lys Thr Ala Val Ala His Glu Ala Lieu. Asp Glin Ala Lieu Ala Lys 
3. OS 310 315 32O 

Lieu. Lieu. Glu Lieu. Tyr Arg Glu Asn Pro Asn Lieu Ala Lieu. Thir Ser Glu 
3.25 330 335 

Ser Lieu Lys Glu Lieu. Tyr Asn Lys Ala Ile Glu Ala Ala Gly Thr Phe 
34 O 345 35. O 

Tyr Arg Thr Val Asn Lys Asp Llys Glu Arg Lys Asp Ile Ser Lieu. Tyr 
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- Continued 

355 360 365 

Glu Lieu. Glu Arg Tyr Thr Thr Glu Thir Asn Ser Val Val Asp Thir Ile 
37 O 375 38O 

Lieu Lys Wall Lys Ala Ala Ile Ala Glu Glu Gly Lys Ala Lys Lieu. Arg 
385 390 395 4 OO 

Ser Ala Lieu. Asp Glin Lieu. Asn Ala Lieu. Ile Gly Glu Asn Lieu. Asp Lieu. 
4 OS 41O 415 

Ser Pro Tyr Thir Ala Ala Ser Ala Glin Ala Tyr Thr Asp Gln Lieu Ala 
42O 425 43 O 

Lys Ala Lys Glu Val Ala Ala Ala Gly Glu Thir Ala Tyr Ala Glin Glu 
435 44 O 445 

Thr Glu Pro Thir Ala Ile Thr Asn. Ser Lieu Val Llys Val Lieu. Asn Ala 
450 45.5 460 

Llys Llys Ser Lieu. Ser Asp Ala Lys Ala Ala Lieu Val Ala Lys Pro Val 
465 470 47s 48O 

Asp Pro Val Asp Pro Val Asp Pro Val Asp Pro Val Asp Pro Val Asp 
485 490 495 

Pro Val Asp Pro Val Asp Pro Val Asp Pro Val Asp Pro Val Asp Pro 
SOO 505 51O 

Val Asp Pro Val Asp Pro Val Asp Pro Val Asp Pro Val Asp Pro Val 
515 52O 525 

Asp Pro Val Asp Pro Ile Asp Pro Ala Asp Pro Val Llys Pro Ser Asp 
53 O 535 54 O 

Pro Glu Val Llys Pro Glu Pro Llys Pro Glu Ser Lys Pro Glu Ala Lys 
5.45 550 555 560 

Lys Glu Asp Llys Lys Ala Ala Asp Llys Glin Glin Val Lieu Pro Ala Thr 
565 st O sts 

Ala Asp Thir Ala ASn Pro Phe Phe Thir Ala Ala Ala Lieu Ala Val Ile 
58O 585 59 O 

Ala Cys Ala Gly Glin Lieu Ala Ile Val Ser Arg Arg Lys Glu Ser Asn 
595 6OO 605 

<210s, SEQ ID NO 4 
&211s LENGTH: 446 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized Eq5 protein having 
one N-terminal and four C-terminal amino acids originating from 
the pTYB4 vector 

<4 OOs, SEQUENCE: 4 

Met Glu Thir Thr Thr Ala Ser Ala Phe Glu Asn Asn Gly Thr Gly Glin 
1. 5 1O 15 

His Lieu. Asn Trp His Ile Asp Ile Pro Glin Glu Tyr Thr Val Glu Lieu. 
2O 25 3O 

Gly Glu Pro Ile Thr Ile Ser Asp Leu Met Ser Glin Ile Thr Val Thr 
35 4 O 45 

Arg Lys Gly Ser Asn Gly Thr Val Asn Asp Gly Asp Thr Phe Asp Phe 
SO 55 6 O 

Ile Ser Asn Gly Asp Gly Ser Arg Gly Ile Asp Thr Pro Gly Val Lys 
65 70 7s 8O 

Ile Trp Phe Asp Phe Tyr Asn Ala Ala Gly. Thir Ser Phe Lieu. Thir Asp 
85 90 95 
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Glu Met Leu Ala Ser Pro Thr Tyr Ala Val Pro Gly Gly Ser Tyr Thr 
1OO 105 11 O 

Ile Lys Ala Trp Val Phe Tyr Gly Lys Asn Asp Thir Lys Llys Lieu. Phe 
115 12 O 125 

Thir Phe Llys Lieu Lys Asn. Ser Asn. Ser Asn Llys Thr Glu Lieu. Arg Llys 
13 O 135 14 O 

Ser Lieu. Glu Glu Ala Lys Lieu Lys Lieu. Ser Glin Pro Glu Gly Thr Tyr 
145 150 155 160 

Ser Asp Glu Ser Lieu. Glin Ala Lieu. Glin Ser Ala Val Thir Lieu. Gly Lys 
1.65 17O 17s 

Thir Tyr Lieu. Asn. Ser Asp Pro Asp Glin Asn Thr Val Asp Glin Ser Val 
18O 185 19 O 

Thir Thir Ile Asp Ser Ala Ile Thir Ser Lieu Val Asn Lieu. Asn Ala Lieu. 
195 2OO 2O5 

Asn Glu Ala Ile Asn Glin Ala Thr Pro Phe Ile Thr Asp Gly Lys Glu 
21 O 215 22O 

Tyr Pro Lys Glu Ala Tyr Asp Gly Lieu Val Glin Llys Lieu Ala Ala Ala 
225 23 O 235 24 O 

Ala Lys Lieu. Glin Asn. Ser Phe Gly Pro Ser Glin Gly Asp Val Asp Llys 
245 250 255 

Ala Ala Thir Asp Lieu. Thr Glin Ala Lieu. Thir Thr Lieu Lys Thr Ala Val 
26 O 265 27 O 

Ala His Glu Ala Lieu. Asp Glin Ala Lieu Ala Lys Lieu. Lieu. Glu Lieu. Tyr 
27s 28O 285 

Arg Glu Asn. Pro Asn Lieu Ala Lieu. Thir Ser Glu Ser Lieu Lys Glu Lieu 
29 O 295 3 OO 

Tyr Asn Lys Ala Ile Glu Ala Ala Gly Thr Phe Tyr Arg Thr Val Asn 
3. OS 310 315 32O 

Lys Asp Llys Glu Arg Lys Asp Ile Ser Lieu. Tyr Glu Lieu. Glu Arg Tyr 
3.25 330 335 

Thir Thr Glu Thir Asn Ser Val Val Asp Thir Ile Leu Lys Val Lys Ala 
34 O 345 35. O 

Ala Ile Ala Glu Glu Gly Lys Ala Lys Lieu. Arg Ser Ala Lieu. Asp Glin 
355 360 365 

Lieu. Asn Ala Lieu. Ile Gly Glu Asn Lieu. Asp Lieu. Ser Pro Tyr Thr Ala 
37 O 375 38O 

Ala Ser Ala Glin Ala Tyr Thr Asp Gln Lieu Ala Lys Ala Lys Glu Val 
385 390 395 4 OO 

Ala Ala Ala Gly Glu Thir Ala Tyr Ala Glin Glu Thr Glu Pro Thir Ala 
4 OS 41O 415 

Ile Thr Asn. Ser Lieu Val Llys Val Lieu. Asn Ala Lys Llys Ser Lieu. Ser 
42O 425 43 O 

Asp Ala Lys Ala Ala Lieu Val Ala Lys Pro Lieu. Glu Pro Gly 
435 44 O 445 

<210s, SEQ ID NO 5 
&211s LENGTH: 373 
212. TYPE: PRT 

<213> ORGANISM: Streptococcus equi 

<4 OOs, SEQUENCE: 5 

Met Asn Llys Llys Ser Ala Arg Arg Arg Arg Lys Asn Lieu. Ile Thir Lys 
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1. 5 1O 15 

Lieu Ala Met Thr Ser Ala Lieu. Thir Lieu. Gly Val Gly Ala Ala Thir Thr 
2O 25 3O 

Lieu Ala Gly Glin Thr Glu Val Arg Ala Asp Asn. Ile Lieu. Arg Lieu. Asp 
35 4 O 45 

Met Thr Asp Llys Glu Ala Val Glu Lys Phe Ala Asn. Glu Lieu Lys Asn 
SO 55 6 O 

Glu Val His Lys Asn Tyr Arg Gly Ser Asn. Thir Trp Gln Lys Lieu. Thir 
65 70 7s 8O 

Lieu. Ile Lieu. Asn Gly Tyr Glin Asn Lieu. Arg Glu Glin Ile Glu Thr Glu 
85 90 95 

Lieu Lys Asn. Ser Glu Glin Llys Wall Lys Glu Lieu. Asn Asp Llys Val Asn 
1OO 105 11 O 

Ser Glu Thr Glin Gly Lys Glin Glu Lieu. Glin Asn. Glin Lieu. Glu Lys Glu 
115 12 O 125 

Lys Glu Glu Lieu. Glu Thir Lieu Lys Lys Glu Lieu. Glu Ala Glu Lys Ala 
13 O 135 14 O 

Lys Gly Thr Gly Glu Thr Glu Lys Lieu Gln Lys Glu Ile Glu Ala Lys 
145 150 155 160 

Asn Ala Met Ile Ser Asp Lieu Gln Lys Glin Lieu. Glu Glu Thir Lys Glin 
1.65 17O 17s 

Arg Val Glin Glu Phe Glu Ala Glu Val Gly Lys Lieu Met Ala Glu Lys 
18O 185 19 O 

Ala Asp Lieu. Glin Thr Llys Lieu. Asn. Glu Glin Glu Gln Lieu. Asn Ala Lys 
195 2OO 2O5 

Lieu. Glin Lys Glu Ile Glu Asp Lieu Lys Ala Glin Ile Glu Lys Lieu Lys 
21 O 215 22O 

His Cys Glin Asp Thr Pro Llys Pro Glu Pro Llys Pro Glu Pro Llys Pro 
225 23 O 235 24 O 

Glu Pro Llys Pro Glu Pro Llys Pro Glu Pro Llys Pro Glu Pro Llys Pro 
245 250 255 

Glu Pro Llys Pro Glu Pro Llys Pro Gly Pro Llys Pro Glu Pro Llys Pro 

Glu Pro Llys Pro Gly Pro Llys Pro Glu Pro Llys Pro Glu Pro Llys Pro 
27s 28O 285 

Gly Pro Llys Pro Gly Pro Llys Pro Glu Pro Llys Pro Gly Pro Llys Pro 
29 O 295 3 OO 

Glu Pro Llys Pro Glu Pro Llys Pro Glu Pro Llys Pro Glu Ala Lys Llys 
3. OS 310 315 32O 

Pro Glu Gln Pro Llys Pro Met Thr Llys Pro Gly Ala Lys Llys Pro Glu 
3.25 330 335 

Gln Ser Leu Pro Ser Thr Gly Asp Ile Arg Asn Pro Phe Phe Thr Pro 
34 O 345 35. O 

Ala Ala Ile Ala Ile Met Ile Ala Ala Gly. Thir Ile Ala Ile Pro Llys 
355 360 365 

Arg Lys Glu Glu Asp 
37 O 

<210s, SEQ ID NO 6 
&211s LENGTH: 2O1 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 
<223> OTHER INFORMATION: Chemically synthesized Eq5 protein having 

one N-terminal and four C-terminal amino acids originating from 
the pTYB4 vector 

<4 OOs, SEQUENCE: 6 

Met Ala Thir Thr Lieu Ala Gly Glin Thr Glu Val Arg Ala Asp Asn. Ile 
1. 5 1O 15 

Lieu. Arg Lieu. Asp Met Thr Asp Llys Glu Ala Val Glu, Llys Phe Ala Asn 
2O 25 3O 

Glu Lieu Lys Asn. Glu Val His Lys Asn Tyr Arg Gly Ser Asn. Thir Trp 
35 4 O 45 

Glin Llys Lieu. Thir Lieu. Ile Lieu. Asn Gly Tyr Glin Asn Lieu. Arg Glu Glin 
SO 55 6 O 

Ile Glu Thr Glu Lieu Lys Asn. Ser Glu Gln Llys Wall Lys Glu Lieu. Asn 
65 70 7s 8O 

Asp Llys Val Asn. Ser Glu Thr Glin Gly Lys Glin Glu Lieu. Glin Asn Glin 
85 90 95 

Lieu. Glu Lys Glu Lys Glu Glu Lieu. Glu Thir Lieu Lys Lys Glu Lieu. Glu 
1OO 105 11 O 

Ala Glu Lys Ala Lys Gly Thr Gly Glu Thr Glu Lys Lieu. Glin Lys Glu 
115 12 O 125 

Ile Glu Ala Lys Asn Ala Met Ile Ser Asp Lieu Gln Lys Glin Lieu. Glu 
13 O 135 14 O 

Glu Thir Lys Glin Arg Val Glin Glu Phe Glu Ala Glu Val Gly Llys Lieu. 
145 150 155 160 

Met Ala Glu Lys Ala Asp Lieu. Glin Thir Lys Lieu. Asn. Glu Glin Glu Glin 
1.65 17O 17s 

Lieu. Asn Ala Lys Lieu. Glin Lys Glu Ile Glu Asp Lieu Lys Ala Glin Ile 
18O 185 19 O 

Glu Lys Lieu Lys His Lieu. Glu Pro Gly 
195 2OO 

<210s, SEQ ID NO 7 
&211s LENGTH: 392 
212. TYPE: PRT 

<213> ORGANISM: Streptococcus zooepidemicus 

<4 OO > SEQUENCE: 7 

Met Met Lys Lys Glin Ser Phe Thr His Ser Arg Llys Pro Llys Phe Gly 
1. 5 1O 15 

Met Arg Llys Lieu. Ser Ile Gly Lieu Ala Ser Cys Met Lieu. Gly Met Met 
2O 25 3O 

Phe Lieu. Thir Thr Ser His Val Ser Gly Glu Val Val Glu Val Trp Pro 
35 4 O 45 

Tyr Gly Glin Asp Pro Asn Asp Llys Ile Glu Val Lieu. Ser Glin Ser Glu 
SO 55 6 O 

Tyr Ser Glu Tyr Lieu. Glin Arg Lieu. His Asp Val Glu Asp Phe Glin Ala 
65 70 7s 8O 

Glu Lys Llys Lys Glu Gly Val Val Arg Thr Glin Trp Lieu. Glu Gly Val 
85 90 95 

Asn Val Thir Asp His Asp Phe Arg Lys Ile Thr Asp Gly Gly Ser Val 
1OO 105 11 O 

Tyr Tyr Ala Thr Pro Lieu. Lieu. Asn Asp Arg Gly Tyr Tyr Asp Ile Asn 
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115 12 O 125 

Lys Asn. Phe Asin Glin Asp Ser Asp Llys Cys Ala Ala Ala Val Ala Val 
13 O 135 14 O 

Asn Met Phe His Tyr Trp Lieu. Asp Arg Asn Lys Asp Asn Val Ala Lys 
145 150 155 160 

Phe Leu Ser Glin Ser Pro Asp His Gly Phe Val Glu Gly Glu Pro Thr 
1.65 17O 17s 

Phe Asn Lieu Val Asp Phe Glin Tyr Thr Tyr Ala Ser Pro Tyr Glu Glu 
18O 185 19 O 

Gly Gly Tyr Arg Asp Asn. Ser Lys Lieu. Phe Asp Phe Ile Ser Lys Ala 
195 2OO 2O5 

Phe Asn Llys Pro Lieu. Trp Ala Asn Llys Lieu. Lieu. Asp Ala Tyr Ile Asn 
21 O 215 22O 

Gly Tyr Gly Tyr Ile Asp Arg Tyr Val Lys Asn Thr Pro His Ser Gly 
225 23 O 235 24 O 

Glin Asn. Asn. Ser Llys Phe Asn. Phe Phe Llys Llys Val Phe Asp Gly Lys 
245 250 255 

Lieu. Lieu. Thir Asp Ile Glin Glin Ile Phe Asp Tyr Tyr Thr Lieu. Ser Ser 
26 O 265 27 O 

Glu Lieu. Arg Glu Ala Lieu. Asp Thr Gly Lys Ala Ile Gly Lieu Ala Tyr 
27s 28O 285 

Gly Pro Gly Asp Lieu. Arg Arg Ser Lieu. Gly His Ile Ile Ser Val Trp 
29 O 295 3 OO 

Gly Ala Asp Ile Asn. Glu Asp Gly Asn Val Val Ala Ile Tyr Val Thr 
3. OS 310 315 32O 

Asp Ser Asp Asp Llys Llys Lieu. Thir Ile Gly Asn Llys Lys Asp Arg Ile 
3.25 330 335 

Gly Lieu Lys Arg Tyr Llys Lieu. Tyr Ser Asp Asn Val Gly Arg Ala Arg 
34 O 345 35. O 

Lieu. Thir Ala Tyr Ala Thr Glu Asn Glin Glin Thr Gly Gly Glu Val Arg 
355 360 365 

Gly Ile Glu Thir Lieu. Asp Met Ala Thr Glin Asp Trp Ala Asp Tyr Phe 
37 O 375 38O 

Ser Arg Thr Asp Glu Ala Glu Glin 
385 390 

<210s, SEQ ID NO 8 
&211s LENGTH: 570 
212. TYPE: PRT 

<213> ORGANISM: Streptococcus zooepidemicus 

<4 OOs, SEQUENCE: 8 

Met Lys Llys Phe Thr Lys Arg Cys Lieu Lys Gly Cys Gly Lieu Val Gly 
1. 5 1O 15 

Lieu Val Phe Ser Thr Gly Lieu Val Ala Lieu. Ser Asp Asn. Ile Asp Ser 
2O 25 3O 

Ala Lieu. Thr Val Gly Ala Glu Thir Ala Thir Thr Ala Asn Ala Phe Glu 
35 4 O 45 

Glu Ser Gly Asp Gln Gln His Lys Asn Trp His Ile Tyr Ile Pro Glu 
SO 55 6 O 

Val Tyr Thr Val Lys Val Gly Glin Pro Ile Thir Ile Glu Asp Ile Leu 
65 70 7s 8O 
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Ser Glin Ile Thr Ile Thr Arg Lys Gly Glu Asp Ser Glin Gly Lys Thr 
85 90 95 

Ser Pro Gly Met Ile Tyr Thr Tyr Glu Glu Tyr Pro Llys Val Arg Gly 
1OO 105 11 O 

Ile Glu Val Ser Ala Gly Thr Ile Trp Phe Asp Phe Tyr Asn Ser Gly 
115 12 O 125 

Asn Trp Val Asn. Asn Asp Val Lieu Ala Thr Phe Asn. Glu Pro Gly Gly 
13 O 135 14 O 

Thr Tyr Thr Lieu Ser Ala Trp Ala Tyr Tyr Ala Asn Glu Asn Val Lys 
145 150 155 160 

Lys Glin Phe Val Phe Llys Lieu. Glin Val Glu Asn. Ser Asp Lys Arg Ala 
1.65 17O 17s 

Lieu. Glu Glin Ser Lieu Ala Thr Ala Asn. Glu Lys Lieu. Glin Ala Pro Glu 
18O 185 19 O 

Gly Thr Tyr Ser Asp Glu Ser Leu Glin Arg Lieu Gln Glu Ser Val Phe 
195 2OO 2O5 

Lieu. Gly Glin Thir Tyr Lieu. Asn Arg Asp Pro Glu Glin Glin Glu Val Asp 
21 O 215 22O 

Asp Met Lys Ala Thir Ile Asp Ser Ala Val Ser Gly Lieu Val Asp Lieu 
225 23 O 235 24 O 

Thr Val Lieu. Asn Thr Ala Val Glu Thir Ala Thr Pro Leu Lieu. Thir Asp 
245 250 255 

Gly Lys Glu Tyr Pro Llys Glu Ala Tyr Asp Ser Lieu Val Glin Llys Lieu. 
26 O 265 27 O 

Ala Ala Ala Ala Lys Lieu. Glin Asn. Ser Phe ASn Pro Ser Glin Glu Glu 
27s 28O 285 

Val Asn. Glu Ala Ala Thr Asp Lieu. Thr Glin Ala Lieu. Thir Thr Lieu Lys 
29 O 295 3 OO 

Thir Ala Val Ala His Glu Ala Lieu. Asp Glin Ala Lieu Ala Lys Lieu. Lieu. 
3. OS 310 315 32O 

Glu Lieu. Tyr Arg Glu Asn Pro Asn Lieu Ala Lieu. Thir Ser Glu Pro Lieu. 
3.25 330 335 

Lys Glu Lieu. Tyr Asn Lys Ala Ile Glu Ala Ala Gly Thr Phe Tyr Arg 
34 O 345 35. O 

Thr Val Ser Lys Asp Llys Glu Arg Lys Gly Ile Ser Lieu. Tyr Glu Lieu. 
355 360 365 

Glu Arg Tyr Thr Thr Glu Thir Asn Ser Val Val Asp Thr Ile Leu Lys 
37 O 375 38O 

Val Lys Ala Ala Ile Ala Glu Glu Gly Lys Ala Lys Lieu. Arg Ser Ala 
385 390 395 4 OO 

Lieu. Asp Gln Lieu. Asn Ala Lieu. Ile Gly Glu Asn Lieu. Asp Lieu. Ser Pro 
4 OS 41O 415 

Tyr Thr Ala Ala Ser Ala Glin Ala Tyr Thr Asp Glin Lieu Ala Lys Ala 
42O 425 43 O 

Lys Glu Val Ala Ala Ala Gly Glu Thir Ala Tyr Ala Glin Glu Thr Glu 
435 44 O 445 

Pro Thr Ala Ile Thr Asn. Ser Lieu. Ile Llys Val Lieu. Asn Ala Lys Llys 
450 45.5 460 

Ser Lieu. Ser Asp Ala Lys Ala Ala Lieu Val Ala Lys Pro Val Asp Pro 
465 470 47s 48O 

Val Asp Pro Val Asp Pro Val Asp Pro Val Asp Pro Val Asp Pro Ile 
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485 490 495 

Asp Pro Val Asp Pro Val Llys Pro Val Asp Pro Glu Val Llys Pro Glu 
SOO 505 51O 

Pro Llys Pro Glu Ser Llys Pro Glu Ala Lys Lys Glu Asp Llys Lys Ala 
515 52O 525 

Ala Asp Llys Glin Glin Val Lieu Pro Ala Thr Ala Asp Thr Ala Asn Pro 
53 O 535 54 O 

Phe Phe Thr Ala Ala Ala Lieu Ala Val Ile Ala Cys Ala Gly Glin Lieu. 
5.45 550 555 560 

Ala Ile Val Ser Arg Arg Lys Glu Ser Asn 
565 st O 

<210s, SEQ ID NO 9 
&211s LENGTH: 411 
212. TYPE: PRT 

<213> ORGANISM: Streptococcus zooepidemicus 

<4 OOs, SEQUENCE: 9 

Met Asn Llys Llys Ser Ala Arg Arg Lys Arg Lys Asp Lieu. Ile Thir Lys 
1. 5 1O 15 

Lieu Ala Met Thir Ser Ala Lieu. Thir Lieu. Gly Val Gly Ala Ala Ala Thr 
2O 25 3O 

Ile Ala Gly Glin Thr Glu Val Arg Ala Glu Val Lieu. Thir Lieu. Asn Met 
35 4 O 45 

Lys Asp Lys Ala Lys Val Glu Glu Phe Ala Asn Llys Lieu Lys Asp Tyr 
SO 55 6 O 

Ala Lys Glin Llys Llys Ser Gly Glin Ile Thr Lieu. Glin Glu Lieu. Ser Lieu 
65 70 7s 8O 

Ile Lieu. Asp Gly Tyr Arg Asn. Ile Arg Glu Glin Ile Glu Glin Asp Lieu. 
85 90 95 

Ala Thr Thr Glu Lys Thr Lys Asn Phe Tyr Gly Glu Gln Lieu. Ile Leu 
1OO 105 11 O 

Thir Asp Llys Lieu. Tyr Glin Ser Glu Lys Glu Lys Lys Glu Lys Lieu. Glu 
115 12 O 125 

Ala Glu Lieu. Glin Lieu. Ser Glin Gln Lys Ile His Asp Lieu. Asp Glu Lys 
13 O 135 14 O 

His Gln Lys Glu Lys Lieu. Glu Lieu. Glin Glu Glin Lieu. Glu Ala Ser Asn 
145 150 155 160 

Glin Lys Ile Lys Glu Lieu. Glu Met Ala Lys Ser Thr Ala Glu Ala Glu 
1.65 17O 17s 

Ile Asin Arg Lieu. Thir Ala Glu Lys Asn Gly Lieu. Glin Glu Lys Lieu. Asn 
18O 185 19 O 

Asn Glin Glu Lys Lieu. Asn Ala Glu Lieu. Glin Ala Lys Lieu Ala Lys Glin 
195 2OO 2O5 

Glu Glu Lieu. Asn Ala Lys Lieu. Glin Lys Glu Ile Asp Glu Lieu. Asn Ala 
21 O 215 22O 

Glin Lieu. Glu Lys Lieu Lys His Cys Glin Asp Thr Pro Llys Pro Glu Pro 
225 23 O 235 24 O 

Llys Pro Glu Pro Llys Pro Glu Pro Llys Pro Glu Pro Llys Pro Glu Pro 
245 250 255 

Llys Pro Glu Pro Llys Pro Glu Pro Llys Pro Glu Pro Llys Pro Glu Pro 
26 O 265 27 O 
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Lys 
3. OS 

Gly 

Asn 
385 

Thir 

Ala 
37 O 

Pro 

Ile 

Lys 

Phe 

Ala 

Pro 

Pro 

Pro 

Pro 

Pro 
34 O 

Ala 

Phe 

Lys 
3.25 

Pro 

Thir 

Glu 

Pro 
390 

Ile Pro Llys 
4 OS 

<210s, SEQ ID NO 10 
&211s LENGTH: 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 

Met Lys Thir Ile 
1. 

Lell 

Wall 

Thir 
65 

Trp 

His 

Lell 
145 

Phe 

Lell 

Glin 

Luell 

Ala 

Pro 
SO 

Pro 

Luell 

Asp 

Trp 

Pro 
13 O 

Asn 

Gly 

Luell 

Asp 
21 O 

Thir 

Asp 
35 

His 

Glu 

Ala 

Asn 

Phe 
115 

Glu 

Ala 

Tyr 

Wall 

Asn 
195 

Ala 

Asp 

Glin 

Glin 

His 

Luell 

Asp 

Ala 

Phe 

Met 
18O 

Wall 

Asp 

349 

Glu 

Glu 
295 

Glu 

Glu 

Glu 

Pro 

Glin 
375 

Ala 

Arg 

Pro 

Pro 

Pro 

Pro 

Pro 

Glu 
360 

Ser 

Ala 

Lys 
345 

Glin 

Luell 

Ile 

Glu 

Streptococcus equi 

10 

Ala 
5 

Ile 

Tyr 

Ile 

Phe 

Glin 
85 

Lell 

Glin 

Glin 

Ile 

Arg 
1.65 

Pro 

Phe 

Ala 

Glin 

Thir 

Arg 
70 

Gly 

Asn 

Asp 
150 

Asp 

Asp 

Arg 

Pro 

Ile 

Arg 

Ser 
55 

Trp 

Gly 

Ile 
135 

Thir 

Lell 

Thir 

Gly 
215 

Asn 

Phe 

Asn 
4 O 

Wall 

Asn 

Ala 

Thir 
12 O 

Ile 

Ala 

Wall 

Glin 

Gly 

Ser 
25 

Ala 

Trp 

Asn 

Asp 

Ala 
105 

Glu 

Phe 

Asp 

Phe 

Luell 
185 

Ser 

Ile 

Pro 

Pro 

Ala 

Glu 
41O 

Pro 

Luell 

Thir 

Thir 

Glu 

Ile 
90 

Thir 

Ile 

Asn 

Ser 

Pro 
17O 

Asp 

Thir 

Phe 

Glu 

Glu 

Glu 
315 

Glu 

Glu 

Lys 

Ser 

Ile 
395 

Asp 

His 

Ala 

Glu 

Asp 

Thir 

Ala 

Glu 

ASn 

Glin 
155 

ASn 

Met 

Asp 

Asp 

37 

- Continued 

Pro 

Pro 
3 OO 

Pro 

Pro 

Pro 

Thir 
38O 

Met 

Ser 

Ser 

Ala 

Gly 
6 O 

Wall 

Gly 

Ala 

Glin 
14 O 

Thir 

Lell 

Phe 

Wall 

Ala 
22O 

Lys 
285 

Lys 

Met 
365 

Gly 

Ile 

Lell 

Ser 

Tyr 
45 

Wall 

Ile 

Ala 

Asn 

Tyr 
125 

Glu 

Asn 

Ser 

Ile 

Asn 

Wall 

Pro 

Pro 

Pro 

Pro 

Pro 
35. O 

Thir 

Asp 

Ala 

Ser 

Asn 

Ala 

Thir 

His 

Phe 

Met 
11 O 

Luell 

Luell 

Ser 

Ala 

Asn 
19 O 

Arg 

Phe 

Glu 

Glu 

Glu 

Glu 
335 

Glu 

Ile 

Ala 

Ala 
15 

Ile 

Pro 

Ala 

Asp 
95 

Luell 

Ser 

Phe 

Glin 

Arg 

Gly 

Pro 

Thir 

Pro 

Pro 

Pro 

Pro 

Pro 

Arg 

Gly 
4 OO 

Gly 

Thir 

Glu 

Luell 

Pro 

Gly 

His 

Asp 

Luell 
160 

Glin 

Tyr 

Tyr 

Arg 

Jan. 27, 2011 
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Gly Asp Glin Thir Thr Lieu. Lieu. Thir Ala Arg His Asp Lieu Lys Asn Lys 
225 23 O 235 24 O 

Gly Lieu. Asn Asp Ile Ser Thir Ile Ile Lys Glin Glu Lieu. Thr Glu Gly 
245 250 255 

Arg Ala Lieu Ala Lieu. Ser His Thr Tyr Ala Asn. Wal Ser Ile Ser His 
26 O 265 27 O 

Val Ile Asn Lieu. Trp Gly Ala Asp Phe Asn Ala Glu Gly Asn Lieu. Glu 
27s 28O 285 

Ala Ile Tyr Val Thr Asp Ser Asp Ala Asn Ala Ser Ile Gly Met Lys 
29 O 295 3 OO 

Llys Tyr Phe Val Gly Ile Asn Ala His Arg His Val Ala Ile Ser Ala 
3. OS 310 315 32O 

Llys Lys Ile Glu Gly Glu Asn. Ile Gly Ala Glin Val Lieu. Gly Lieu. Phe 
3.25 330 335 

Thir Lieu. Ser Ser Gly Lys Asp Ile Trp Gln Lys Lieu. Ser 
34 O 345 

<210s, SEQ ID NO 11 
&211s LENGTH: 349 
212. TYPE: PRT 

<213> ORGANISM: Streptococcus zooepidemicus 

<4 OOs, SEQUENCE: 11 

Met Lys Thir Ile Ala Tyr Pro Asn Llys Pro His Ser Leu Ser Ala Gly 
1. 5 1O 15 

Lieu. Lieu. Thir Ala Ile Ala Ile Phe Ser Lieu. Ala Ser Ser Asn. Ile Thr 
2O 25 3O 

Tyr Ala Asp Asp Tyr Glin Arg Asn Ala Ala Glu Val Tyr Ala Lys Glu 
35 4 O 45 

Val Pro His Glin Ile Thr Ser Val Trp Thr Lys Gly Val Thr Pro Leu 
SO 55 6 O 

Thr Pro Glu Glin Phe Arg Tyr Asn Asn Glu Asp Val Ile His Ala Pro 
65 70 7s 8O 

Tyr Lieu Ala His Glin Gly Trp Tyr Asp Ile Thr Llys Val Phe Asp Gly 
85 90 95 

Lys Asp Asn Lieu. Lieu. Cys Gly Ala Ala Thir Ala Gly Asn Met Lieu. His 
1OO 105 11 O 

Trp Trp Phe Asp Glin Asn Llys Thr Glu Ile Glu Ala Tyr Lieu. Ser Lys 
115 12 O 125 

His Pro Glu Lys Glin Lys Ile Ile Phe Asn. Asn Glin Glu Lieu. Phe Asp 
13 O 135 14 O 

Lieu Lys Ala Ala Ile Asp Thir Lys Asp Ser Glin Thr Asn. Ser Glin Lieu. 
145 150 155 160 

Phe Asn Tyr Phe Arg Asp Lys Ala Phe Pro Asn Lieu. Ser Ala Arg Glin 
1.65 17O 17s 

Lieu. Gly Wal Met Pro Asp Lieu Val Lieu. Asp Met Phe Ile Asin Gly Tyr 
18O 185 19 O 

Tyr Lieu. Asn Val Phe Lys Thr Glin Ser Thr Asp Val Asn Arg Pro Tyr 
195 2OO 2O5 

Glin Asp Lys Asp Lys Arg Gly Gly Ile Phe Asp Ala Val Phe Thr Arg 
21 O 215 22O 

Gly Asp Glin Thir Thr Lieu. Lieu. Thir Ala Arg His Asp Lieu Lys Asn Lys 



US 2011/0020403 A1 Jan. 27, 2011 
39 

- Continued 

225 23 O 235 24 O 

Gly Lieu. Asn Asp Ile Ser Thir Ile Ile Lys Glin Glu Lieu. Thr Glu Gly 
245 250 255 

Arg Ala Lieu Ala Lieu. Ser His Thr Tyr Ala Asn. Wal Ser Ile Ser His 
26 O 265 27 O 

Val Ile Asn Lieu. Trp Gly Ala Asp Phe Asn Ala Glu Gly Asn Lieu. Glu 
27s 28O 285 

Ala Ile Tyr Val Thr Asp Ser Asp Ala Asn Ala Ser Ile Gly Met Lys 
29 O 295 3 OO 

Llys Tyr Phe Val Gly Ile Asn Ala His Gly His Val Ala Ile Ser Ala 
3. OS 310 315 32O 

Llys Lys Ile Glu Gly Glu Asn. Ile Gly Ala Glin Val Lieu. Gly Lieu. Phe 
3.25 330 335 

Thir Lieu. Ser Ser Gly Lys Asp Ile Trp Gln Lys Lieu. Ser 
34 O 345 

<210s, SEQ ID NO 12 
&211s LENGTH: 6OO 
&212s. TYPE: DNA 

<213> ORGANISM: Streptococcus equi 

<4 OOs, SEQUENCE: 12 

aaataattitt gtttaactitt aagaaggaga tataac catg gctictagatg ctacaacggit 6 O 

gttagagcct acaa.ca.gc.ct t cattagaga agctgttagg galaat caat C agctgagtga 12 O 

tgactacgct gacaat Caag agctt Caggc tigttcttgct aatgctggag titgaggcact 18O 

tgctgcagat actgttgatc aggctaaagc agct Cttgac aaa.gcaaagg cagctgttgc 24 O 

tggtgttcag Cttgatgaag caagacgtga ggcttacaga acaat caatig cct taagtga 3OO 

t cagcacaaa agcgatcaaa aggttcagct agctic tagtt gctgcagcag Ctalaggtggc 360 

agatgctgct tcagttgatc aagtgaatgc agc cattaat gatgct cata cagctattgc 42O 

ggacattaca ggagcago: ct tittggaggc taaagaa.gct gct at Caatgaactaaagca 48O 

gtatggcatt agtgattact atgtgacctt aatcaacaaa gccaaaactg ttgaaggtgt 54 O 

Caatgcgctt aaggcaaaga ttittatcagc tict accgtag Ctcgagc.ccg ggtgctttgc 6OO 

<210s, SEQ ID NO 13 
&211s LENGTH: 18O 
212. TYPE: PRT 

<213> ORGANISM: Streptococcus equi 

<4 OOs, SEQUENCE: 13 

Met Ala Lieu. Asp Ala Thr Thr Val Lieu. Glu Pro Thr Thr Ala Phe Ile 
1. 5 1O 15 

Arg Glu Ala Val Arg Glu Ile Asin Glin Lieu. Ser Asp Asp Tyr Ala Asp 
2O 25 3O 

Asn Glin Glu Lieu. Glin Ala Val Lieu Ala Asn Ala Gly Val Glu Ala Lieu 
35 4 O 45 

Ala Ala Asp Thr Val Asp Glin Ala Lys Ala Ala Lieu. Asp Lys Ala Lys 
SO 55 6 O 

Ala Ala Val Ala Gly Val Glin Lieu. Asp Glu Ala Arg Arg Glu Ala Tyr 
65 70 7s 8O 

Arg Thir Ile Asn Ala Lieu. Ser Asp Gln His Llys Ser Asp Glin Llys Val 
85 90 95 



US 2011/0020403 A1 Jan. 27, 2011 
40 

- Continued 

Glin Lieu Ala Lieu Val Ala Ala Ala Ala Lys Val Ala Asp Ala Ala Ser 
1OO 105 11 O 

Val Asp Glin Val Asn Ala Ala Ile Asn Asp Ala His Thr Ala Ile Ala 
115 12 O 125 

Asp Ile Thr Gly Ala Ala Lieu. Lieu. Glu Ala Lys Glu Ala Ala Ile Asn 
13 O 135 14 O 

Glu Lieu Lys Glin Tyr Gly Ile Ser Asp Tyr Tyr Val Thr Lieu. Ile Asn 
145 150 155 160 

Lys Ala Lys Thr Val Glu Gly Val Asn Ala Lieu Lys Ala Lys Ile Lieu. 
1.65 17O 17s 

Ser Ala Lieu Pro 
18O 

<210s, SEQ ID NO 14 
&211s LENGTH: 1158 
&212s. TYPE: DNA 

<213> ORGANISM: Streptococcus equi 

<4 OOs, SEQUENCE: 14 

atgatgaaaa aacaat catt cacacactica cqtaalaccta aatticggitat gagaaaatta 6 O 

tctattggcc ttgcct catg tatgctagga atgatgttcc taacaac agg acatgtttct 12 O 

ggtgaggtag ttgaagtttg gcc taatggg caaaatccta atggtaaaat agaaatticta 18O 

agtcaaactg agcact ctda gcatttacag aaattacgcg at attgaaga titt coaa.gct 24 O 

caaaagcaag Ctgat catgt t cqttacact aaatggittag atggggtaac tttgatgag 3OO 

catgaattica gaaaaatcaa gogaatatgac acagaatatt atgta acacic ticttittaagt 360 

ggtaaaggitt actatoatat caataaagat ttcaatcaag at agtgataa atgtgctgcc 42O 

gctgtagcgg ctaatatgtt ccattattgg tttgatagaa atagaga cag tattaatcgt. 48O 

ttcttaagttcaaagtic cagg togaaaatggt gtt attaaac ttgaaaatga aaaaacaata 54 O 

gaagitat caa aatttittaga aacttaccgt agtgatggtg attat cittga taaaagt cc.g 6OO 

tttitttgacc titat cagtaa cagctittaaa got cotgttt gggcaaataa got attggat 660 

gcttacatta acggctatgg ttatat coat aaatttgcta aaaatactic c acattctaaa 72 O 

aataataata gtaaatttaa titt ctittaaa aaagtatttg atggtaatct cittgacagat 78O 

attcaccalaa tttittgatta taacacttitt toagataaat taagtgaggc tict citat act 84 O 

ggtaaa.gc.ca ttggattggc ctacggacct ggagacittgc gtcgttcact aggtoatatt 9 OO 

atttctgtct ggggagctga t cttgacgat Cagaatcgcg tdgtagct at titatgtaact 96.O 

gattctgatg ataaaaagtt alactatagga aatgagagag ttggitttgaa gCdatataaa 1 O2O 

gtatictagog atgat Caagg togtgct cqt Ctgacgactic gtgataaaga taacacaggit 108 O 

ggtgaaattic gatctattga aac attagat atggg tacac aagagtgggc agatt acttic 114 O 

aacaagacag aaaaataa 1158 

<210s, SEQ ID NO 15 
&211s LENGTH: 1860 
&212s. TYPE: DNA 
<213> ORGANISM: Streptococcus equi 

<4 OOs, SEQUENCE: 15 

atgaagaaat it cacgaaacg gtgtc.ttaag ggctgtggtc ttgttggatt agttittcagc 6 O 
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titat cacata cctacgc.caa tottagcatt agc catgtga tta acttgttggggagctgat 84 O 

tittaatgctgaaggaaacct tdaggc.catc tatgtcacag act cagatgc taatgcgt.ct 9 OO 

attgg tatga aaaaat attt tdtcggcatt aatgct cata gacatgtc.gc catttctgcc 96.O 

aagaaaatag aaggagaaaa cattggcgct Caagt attag gct tatttac gctitt CC agt 1 O2O 

ggcaaggaca tatggcagaa actgagctaa 1 OSO 

<210s, SEQ ID NO 21 
&211s LENGTH: 1050 
&212s. TYPE: DNA 

<213> ORGANISM: Streptococcus zooepidemicus 

<4 OOs, SEQUENCE: 21 

atgaaaacaa tagcttatco aaataaacct cactic ctitat cagctggtct cittaactgct 6 O 

atagot attt ttagcc toggc gagttcaaac attact tatgctgacgatta ccaaaggaat 12 O 

gctg.cggaag tittatgccaa agaagtacca Cat Cagat.ca Cttctgt atg gaccalaaggit 18O 

gttacaccac taacacccga gcagtttcqa tataataacg aagatgtgat ccatgcgc.ca 24 O 

tat cittgctic at Caaggctg gtacgatat c accalaggtot togatgggala ggataatctic 3OO 

ttgttgtggcg cagcaacggc aggtaatatgctgcattggit ggtttgatca aaataaaa.ca 360 

gagattgaag cct atttalag taalacaccct gaaaa.gcaaa aaatcatttt taacaac caa 42O 

gagctatttg atttgaaagc tigctatogat accaaggaca gtcaaac caa tagt cagctt 48O 

tittaattatt ttagagataa agc ctitt.cca aatctat cag cacgt caact cqgggittatg 54 O 

cctgat cittgttctagacat gtttatcaat gigttact act taaatgtgtt taaaacacag 6OO 

tctact gatgtcaatcgacc titat Caggac aagga caaac gaggtggitat titt catgct 660 

gttitt cacca gaggagat.ca gacaacgctic ttgacagctic git catgattit aaaaaataaa 72 O 

ggactaaatg a catcagdac cattatcaag Caggaactga Citgaaggaag agc ccttgct 78O 

titat cacata cctacgc.caa tottagcatt agc catgtga tta acttgttggggagctgat 84 O 

tittaatgctgaaggaaacct tdaggc.catc tatgtcacag act cagatgc taatgcgt.ct 9 OO 

attgg tatga aaaaat attt tdtcggcatt aatgct catg gacatgtc.gc catttctgcc 96.O 

aagaaaatag aaggagaaaa cattggcgct Caagt attag gct tatttac gctitt CC agt 1 O2O 

ggcaaggaca tatggcagaa actgagctaa 1 OSO 

<210s, SEQ ID NO 22 
&211s LENGTH: 33 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide as PCR primer 

<4 OOs, SEQUENCE: 22 

Catgcc atgg agg tagttga agtttggcct aat 33 

<210s, SEQ ID NO 23 
&211s LENGTH: 36 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide as PCR primer 

<4 OOs, SEQUENCE: 23 
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cc.gct cqagt ttittctgtct togttgaagta atctgc 36 

<210s, SEQ ID NO 24 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide as PCR primer 

<4 OOs, SEQUENCE: 24 

gtagcc atgg aaacgactac totagtgca 3 O 

<210s, SEQ ID NO 25 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide as PCR primer 

<4 OOs, SEQUENCE: 25 

Ctggct cag C9gtttagca accaaggct 29 

<210s, SEQ ID NO 26 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide as PCR primer 

<4 OOs, SEQUENCE: 26 

Catgcc atgg Cactaccct agcaggacaa a 31 

<210s, SEQ ID NO 27 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide as PCR primer 

<4 OOs, SEQUENCE: 27 

ctagotcgag gtgcttaa.gc titt to aatct g 31 

<210s, SEQ ID NO 28 
&211s LENGTH: 594 
212. TYPE: PRT 

<213> ORGANISM: Streptococcus equi 

<4 OOs, SEQUENCE: 28 

Met Ala Thr Asn Lieu Ser Asp Asn Ile Thr Ser Lieu. Thr Val Ala Ser 
1. 5 1O 15 

Ser Ser Lieu. Arg Asp Gly Glu Arg Thir Thr Val Llys Val Ala Phe Asp 
2O 25 3O 

Asp Llys Lys Glin Lys Ile Lys Ala Gly Asp Thir Ile Glu Val Thir Trip 
35 4 O 45 

Pro Thir Ser Gly Asn Val Tyr Ile Glin Gly Phe Asn Lys Thr Ile Pro 
SO 55 6 O 

Lieu. Asn. Ile Arg Gly Val Asp Val Gly. Thir Lieu. Glu Val Thir Lieu. Asp 
65 70 7s 8O 

Lys Ala Val Phe Thr Phe Asn Glin Asn Ile Glu Thr Met His Asp Val 
85 90 95 
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Ser Gly Trp Gly Glu Phe Asp Ile Thr Val Arg Asn Val Thr Glin Thr 
1OO 105 11 O 

Thr Ala Glu Thir Ser Gly. Thir Thr Thr Val Llys Val Gly Asn Arg Thr 
115 12 O 125 

Ala Thr Ile Thr Val Thr Lys Pro Glu Ala Gly Thr Gly Thr Ser Ser 
13 O 135 14 O 

Phe Tyr Tyr Lys Thr Gly Asp Ile Glin Pro Asn Asp Thr Glu Arg Val 
145 150 155 160 

Arg Trp Phe Lieu. Lieu. Ile Asn. Asn. Asn Lys Glu Trp Val Ala Asn Thr 
1.65 17O 17s 

Val Thr Val Glu Asp Asp Ile Glin Gly Gly Glin Thr Lieu. Asp Met Ser 
18O 185 19 O 

Ser Phe Asp Ile Thr Val Ser Gly Tyr Arg Asn Glu Arg Phe Val Gly 
195 2OO 2O5 

Glu Asn Ala Lieu. Thir Glu Phe His Thir Thr Phe Pro ASn Ser Wall Ile 
21 O 215 22O 

Thir Ala Thr Asp Asn His Ile Ser Val Arg Lieu. Asp Glin Tyr Asp Ala 
225 23 O 235 24 O 

Ser Glin Asn Thr Val Asn Ile Ala Tyr Lys Thr Lys Ile Thr Asp Phe 
245 250 255 

Asp Gln Lys Glu Phe Ala Asn. Asn. Ser Lys Ile Trp Tyr Glin Ile Lieu 
26 O 265 27 O 

Tyr Lys Asp Glin Val Ser Gly Glin Glu Ser Asn His Glin Val Ala Asn 
27s 28O 285 

Ile Asn Ala Asn Gly Gly Val Asp Gly Ser Arg Tyr Thr Ser Phe Thr 
29 O 295 3 OO 

Val Llys Lys Ile Trp Asn Asp Llys Glu Asin Glin Asp Gly Lys Arg Pro 
3. OS 310 315 32O 

Llys Thir Ile Thr Val Glin Lieu. Tyr Ala Asn Asp Glin Llys Val Asn Asp 
3.25 330 335 

Lys. Thir Ile Glu Lieu. Ser Asp Thr Asn Ser Trp Glin Ala Ser Phe Gly 
34 O 345 35. O 

Llys Lieu. Asp Llys Tyr Asp Ser Glin Asn Gln Lys Ile Thr Tyr Ser Val 
355 360 365 

Lys Glu Val Met Val Pro Val Gly Tyr Glin Ser Glin Val Glu Gly Asp 
37 O 375 38O 

Ser Gly Val Gly Phe Thir Ile Thr Asn Thr Tyr Thr Pro Glu Val Ile 
385 390 395 4 OO 

Ser Ile Thr Gly Glin Llys Thir Trp Asp Asp Arg Glu Asn Glin Asp Gly 
4 OS 41O 415 

Lys Arg Pro Lys Glu Ile Thr Val Arg Lieu. Lieu Ala Asn Asp Ala Ala 
42O 425 43 O 

Thr Asp Llys Val Ala Thr Ala Ser Glu Glin Thr Gly Trp Llys Tyr Thr 
435 44 O 445 

Phe Thr Asn Lieu Pro Llys Tyr Lys Asp Gly Lys Glin Ile Thr Tyr Thr 
450 45.5 460 

Ile Glin Glu Asp Pro Val Ala Asp Tyr Thir Thr Thr Ile Glin Gly Phe 
465 470 47s 48O 

Asp Ile Thir Asn His His Glu Val Ala Lieu. Thir Ser Lieu Lys Val Ile 
485 490 495 
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Llys Val Trp Asn Asp Lys Asp Asp Tyr Tyr His Lys Arg Pro Lys Glu 
SOO 505 51O 

Ile Thir Ile Lieu Lleu Lys Ala Asp Gly Llys Val Ile Arg Glu. His Glin 
515 52O 525 

Met Thr Pro Asp Gln Glin Gly Lys Trp Glu Tyr Thr Phe Asp Glin Leu 
53 O 535 54 O 

Pro Val Tyr Glin Ala Gly Llys Lys Ile Ser Tyr Ser Ile Glu Glu Lys 
5.45 550 555 560 

Glin Val Ala Gly Tyr Glin Ala Pro Val Tyr Glu Val Asp Glu Gly Lieu. 
565 st O sts 

Lys Glin Val Thr Val Thr Asn Thr Lieu. Asn Pro Ser Tyr Lys Lieu. Glu 
58O 585 59 O 

Pro Gly 

<210s, SEQ ID NO 29 
&211s LENGTH: 3O2 
212. TYPE: PRT 

<213> ORGANISM: Streptococcus equi 

<4 OOs, SEQUENCE: 29 

Met Thr Asn Llys Thr Lys Arg Thr Gly Lieu Val Arg Llys Tyr Gly Ala 
1. 5 1O 15 

Cys Ser Ala Ala Ile Ala Lieu Ala Ala Lieu Ala Ser Lieu. Gly Ala Gly 
2O 25 3O 

Lys Ala Wall Lys Ala Asp Gln Pro Ala Ala Lieu Lys Tyr Pro Glu Pro 
35 4 O 45 

Arg Asp Tyr Phe Lieu. His Thr Arg Glu Gly Asp Val Ile Tyr Asp Glu 
SO 55 6 O 

Asp Ile Lys Arg Tyr Phe Glu Asp Lieu. Glu Ala Tyr Lieu. Thir Ala Arg 
65 70 7s 8O 

Lieu. Gly Gly Ile Asp Llys Llys Val Glu Glu Ala Ala Glin Llys Pro Gly 
85 90 95 

Ile Pro Gly Pro Thr Gly Pro Glin Gly Pro Lys Gly Asp Lys Gly Asp 
1OO 105 11 O 

Pro Gly Ala Pro Gly Glu Arg Gly Pro Ala Gly Pro Llys Gly Asp Thr 
115 12 O 125 

Gly Glu Ala Gly Pro Arg Gly Glu Glin Gly Pro Ala Gly Glin Ala Gly 
13 O 135 14 O 

Glu Arg Gly Pro Llys Gly Asp Pro Gly Ala Pro Gly Pro Lys Gly Glu 
145 150 155 160 

Lys Gly Asp Thr Gly Ala Val Gly Pro Lys Gly Glu Lys Gly Asp Thr 
1.65 17O 17s 

Gly Ala Thr Gly Pro Llys Gly Asp Llys Gly Glu Arg Gly Glu Lys Gly 
18O 185 19 O 

Glu Glin Gly Glin Arg Gly Glu Lys Gly Glu Glin Gly Glin Arg Gly Glu 
195 2OO 2O5 

Lys Gly Glu Gln Llys Pro Llys Gly Asp Glin Gly Lys Asp Thir Lys Pro 
21 O 215 22O 

Ser Ala Pro Lys Ala Pro Glu Lys Ala Pro Ala Pro Lys Ala Pro Llys 
225 23 O 235 24 O 

Ala Ser Glu Glin Ser Ser Asn Pro Lys Ala Pro Ala Pro Llys Ser Ala 
245 250 255 
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Pro Ser Lys Ser Ala Ala Pro 
26 O 

Thr Gly Glu Ile Asn His Pro 

Ile Ala 
29 O 

Ser 

Thir 

Phe 
28O 

Val Gly Val Lieu. Thr 

PRT 

SEQUENCE: 

Gly Pro Leu Gly 
1. 

Ala 

Thir 

His 

Phe 
65 

Met 

Lell 

Lell 

Ser 

Ala 
145 

Asn 

Arg 

Phe 

Thir 
225 

Ile 

Asn 

Gly 

Ile 

Lys 

Pro 

Ala 
SO 

Asp 

Luell 

Ser 

Phe 

Glin 
13 O 

Arg 

Gly 

Pro 

Thir 

Asn 
21 O 

Glu 

Ser 

Luell 

Met 

Ser 
29 O 

Glu 

Luell 
35 

Pro 

Gly 

His 

Asp 
115 

Luell 

Glin 

Tyr 

Arg 
195 

Gly 

His 

Glu 

Lys 
27s 

Ala 

Wall 
2O 

Thir 

Trp 

His 

Luell 

Phe 

Luell 

Glin 
18O 

Gly 

Gly 

Arg 

Wall 

Ala 
26 O 

SEQ ID NO 3 O 
LENGTH: 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Chemically synthesized 

3 O 

Ser 
5 

Pro 

Pro 

Lell 

Asp 

Trp 
85 

Pro 

Asn 

Gly 

Lell 
1.65 

Asp 

Asp 

Lell 

Ala 

Ile 
245 

Ile 

Tyr 

Lys 

Asp 

His 

Glu 

Ala 

Asn 
70 

Phe 

Glu 

Ala 

Tyr 

Wall 
150 

Asn 

Glin 

Asn 

Lell 
23 O 

Asn 

Phe 

Ile 

295 

Asp 

Glin 

Glin 

His 
55 

Lell 

Asp 

Ala 

Phe 
135 

Met 

Wall 

Asp 

Thir 

Asp 
215 

Ala 

Lell 

Wall 

Wall 

Glu 
295 

Ile 

Phe 
4 O 

Glin 

Luell 

Glin 

Glin 

Ile 
12 O 

Arg 

Pro 

Phe 

Thir 

Ile 

Luell 

Trp 

Thir 

Gly 
28O 

Gly 

49 
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Gly Glin Lys Ala 
265 

Phe Thir Lieu. Ala 

Lieu Lys Gly Lys 

Glin 

Thir 
25 

Arg 

Gly 

Asn 

Lys 
105 

Asp 

Asp 

Asp 

Arg 
185 

Luell 

Ser 

Ser 

Gly 

Asp 
265 

Ile 

Glu 

Arg 
1O 

Ser 

Trp 

Gly 

Lys 
90 

Ile 

Thir 

Luell 

Thir 

Gly 

Luell 

Thir 

His 

Ala 
250 

Ser 

Asn 

Asn 

ASn 

Wall 

ASn 

Ala 
7s 

Thir 

Ile 

Ala 

Wall 
155 

Glin 

Gly 

Thir 

Ile 

Thir 
235 

Asp 

Asp 

Ala 

Ile 

3 OO 

Ala 

Trp 

Asn 

Asp 
6 O 

Ala 

Glu 

Phe 

Asp 

Phe 
14 O 

Lell 

Ser 

Ile 

Ala 

Ile 

Phe 

Ala 

His 

Gly 
3 OO 

Ala 

Ala 
285 

Lys 

Lieu Pro Ala 
27 O 

Lieu. Ser Wall 

Asp 

recombinant 

Thir 

Thir 

Glu 
45 

Ile 

Thir 

Ile 

Asn 

Ser 
125 

Pro 

Asp 

Thir 

Phe 

Arg 

Ala 

Asn 

Asn 

Arg 
285 

Ala 

Glu 

Lys 

Asp 

Thir 

Ala 

Glu 

Asn 
11 O 

Glin 

Asn 

Met 

Asp 

Asp 
19 O 

His 

Glin 

Asn 

Ala 

Ala 
27 O 

His 

Glin 

Ala 
15 

Gly 

Wall 

Gly 

Ala 
95 

Glin 

Thir 

Luell 

Phe 

Wall 
17s 

Ala 

Asp 

Glu 

Wall 

Glu 
255 

Ser 

Wall 

Wall 

protein IdeE 

Tyr 

Wall 

Ile 

Ala 

Asn 

Tyr 

Glu 

Asn 

Ser 

Ile 
160 

Asn 

Wall 

Luell 

Luell 

Ser 
24 O 

Gly 

Ile 

Ala 

Luell 
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Gly Lieu. Phe Thr Lieu. Ser Ser Gly Lys Asp Ile Trp Gln Lys Lieu. Ser 
3. OS 310 315 

SEQ ID NO 31 
LENGTH: 33 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 31 

tactggat.cc gacgattacc aaaggaatgc tac 

SEQ ID NO 32 
LENGTH: 32 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 32 

tgat ct coag titagct cagt ttctgccata td 

1. An antigenic composition comprising at least one anti 
gen, wherein said at least one antigen comprises at least part 
of a protein or polypeptide of Streptococcus equi Subsp. equi 
or Subsp. Zooepidemicus and said at least part of said protein 
or polypeptide comprises at least one antigenic epitope or 
antigenic determinant of Streptococcus equi, and wherein 
said protein or polypeptide is selected from the group com 
prising 

a protein or polypeptide which is designated EAG and has 
an amino acid sequence as shown in SEQID NO: 13; 

a protein or polypeptide which is designated IdeE and has 
an amino acid sequence as shown in SEQID NO: 10; 

a protein or polypeptide which is designated IdeE2 and has 
an amino acid sequence as shown in SEQID NO: 1; 

a protein or polypeptide which is designated Eq5 and has 
an amino acid sequence as shown in SEQID NO:3: 

a protein or polypeptide which is designated Eq8 and has 
an amino acid sequence as shown in SEQID NO: 5; 

a protein or polypeptide which is designated Idez2 and has 
an amino acid sequence as shown in SEQID NO: 7; 

a protein or polypeptide which is designated EqZ5 and has 
an amino acid sequence as shown in SEQID NO: 8; and 

a protein or polypeptide which is designated EqZ8 and has 
an amino acid sequence as shown in SEQID NO: 9: 

or an analog or fragment thereof, and wherein a composi 
tion which comprises EAG comprises at least one fur 
ther antigen, which is a protein or polypeptide which is 
Selected from the group comprising IdeE, IdeE2, Eq5. 
Eq8, Idez2, EqZ5 and EqZ8. 

2. The antigenic composition of claim 1, wherein said at 
least one protein or polypeptide is selected from the group 
consisting of IdeE and IdeE2 and wherein a composition that 
comprises IdeE2 comprises at least one further antigen. 

3. The antigenic composition of claim 1 or 2, wherein said 
at least one protein or polypeptide is selected from the group 
consisting of Eq.5 and Eq8. 

4. The antigenic composition of claim 1, wherein said at 
least one protein or polypeptide is selected from the group 

33 

32 

consisting of EAG, Eq.5 and Eq8 and which composition 
further comprises at least one antigen, which is selected from 
the group comprising a protein or a polypeptide designated 
CNE (or SEC), which has an amino acid sequence as shown 
in SEQID NO: 28, and a protein or a polypeptide designated 
ScIC, which has an amino acid sequence as shown in SEQID 
NO: 29. 

5. The antigenic composition of claim 4, wherein said at 
least one protein or polypeptide is selected from the group 
comprising IdeE and IdeE2. 

6. The antigenic composition of claim 1, which comprises 
the antigens EAG, ScIC, CNE (or SEC), Eq5, Eq8, IdeE and 
IdeE2, or which composition comprises the antigens EAG, 
ScIC, CNE (or SEC), Eq5, and Eq8. 

7. The antigenic composition of claim 1, wherein said at 
least one protein or polypeptide is selected from the group 
consisting of EAG, Eq8, and IdeE2 and which composition 
comprises at least one further antigen which is selected from 
the group comprising IdeE, Eq.5, Idez2, EqZ5 and EqZ8. 

8. The antigenic composition of claim 1, wherein at least 
one antigen is recombinantly produced. 

9. The antigenic composition of claim 1, wherein at least 
one antigen is an isolated or purified antigen. 

10. The antigenic composition of claim 1, which comprises 
at least one recombinant vector and at least one polynucle 
otide inserted therein that encodes said at least one protein or 
polypeptide, and 
which vector is able to express said polypeptide in vivo in 

a non-human mammal Susceptible to infection with S. 
equi. 

11. The antigenic composition of claim 10, wherein the 
vector is an expression vector which is a plasmid or a viral 
vector and wherein said polynucleotide has a nucleotide 
sequence as shown in SEQID NOS: 12 and 14-21. 

12. The antigenic composition of claim 1, which is an 
immunogenic composition. 

13. A vaccine composition for protecting non-human 
mammals against infection of Streptococcus equi, which 
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comprises the antigenic composition of claim 1 as immuniz 
ing component, and a pharmaceutically acceptable carrier. 

14. The vaccine composition of claim 13, which further 
comprises an adjuvant. 

15. The vaccine composition of claim 13, which is a vac 
cine that protects susceptible mammals, Suitably horses, 
against Strangles caused by Streptococcus equi Subsp. equi. 

16. The vaccine composition of claim 13, which is pro 
vided in a physiologically administrable form, and Suitably is 
administrable by Subcutaneous or intranasal inoculation. 

17. The vaccine composition of claim 15, which stimulates 
serum, mucosal and/or bronchial lavage antibody responses 
directed to Streptococcus equi antigens in mammals suscep 
tible to Streptococcus equi, Suitably horses. 

18. A method for producing an antigen oran immunogen of 
an antigenic composition of claim 1, which method com 
prises 

(a) providing a DNA fragment encoding said antigen and 
introducing said fragment into an expression vector; 

(b) introducing said vector, which contains said DNA frag 
ment, into a compatible host cell; 

(c) culturing said host cell provided in step (b) under con 
ditions required for expression of the product encoded 
by said DNA fragment; and 

(d) isolating the expressed product from the cultured host 
cell, and, optionally, 

(e) purifying the isolated product from step (d) by affinity 
chromatography or other chromatographic methods 
known in the art. 

19. A method for preparation of a vaccine composition 
according to claim 13, which vaccine composition contains as 
immunizing component, said antigenic or immunogenic 
composition, said method comprising mixing said antigenic 
or immunogenic composition and a pharmaceutically accept 
able carrier. 

20. Use of an antigenic or immunogenic composition of 
claim 1 in the preparation of a vaccine protecting against S. 
equi infection inclusive of Strangles caused by Subsp. equi 
infection in horses. 

21. A method for the production of an antiserum, said 
method comprising administering an antigenic preparation of 
claim 1 to an animal host to produce antibodies in said animal 
host and recovering antiserum containing said antibodies pro 
duced in said animal host. 

22. A method of prophylactic ortherapeutic treatment of S. 
equi infection in non-human mammals, Suitably horses, com 
prising administering to said mammal an immunologically 
effective amount of a vaccine composition of claim 13 or an 
antiserum produced by administering an antigenic composi 
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tion to an animal host to produce antibodies in said animal 
host and recovering antiserum containing said antibodies pro 
duced in said animal host, 

wherein said antigenic composition comprises at least one 
antigen, wherein said at least one antigen comprises at 
least part of a protein or polypeptide of Streptococcus 
equi Subsp. equi or Subsp. Zooepidemicus and said at 
least part of said protein or polypeptide comprises at 
least one antigenic epitope or antigenic determinant of 
Streptococcus equi, and wherein said protein or 
polypeptide is selected from the group comprising 

a protein or polypeptide which is designated EAG and has 
an amino acid sequence as shown in SEQID NO: 13; 

a protein or polypeptide which is designated IdeE and has 
an amino acid sequence as shown in SEQID NO: 10; 

a protein or polypeptide which is designated IdeE2 and has 
an amino acid sequence as shown in SEQID NO: 1; 

a protein or polypeptide which is designated Eq5 and has 
an amino acid sequence as shown in SEQID NO:3: 

a protein or polypeptide which is designated Eq8 and has 
an amino acid sequence as shown in SEQID NO: 5; 

a protein or polypeptide which is designated Idez2 and has 
an amino acid sequence as shown in SEQID NO: 7; 

a protein or polypeptide which is designated EqZ5 and has 
an amino acid sequence as shown in SEQID NO: 8; and 

a protein or polypeptide which is designated EqZ8 and has 
an amino acid sequence as shown in SEQID NO: 9: 

or an analog or fragment thereof, and wherein a composi 
tion which comprises EAG comprises at least one fur 
ther antigen, which is a protein or polypeptide which is 
selected from the group comprising IdeE, IdeE2, Eq5, 
Eq8, Idez2, EqZ5 and EqZ8. 

23. A method for protecting horses against Streptococcus 
equi infection, which comprises inoculating a horse Subcuta 
neously or intranasally with a vaccine composition of claim 
13 to induce an immune response against Streptococcus equi 
in said horse. 

24. The method of claim 23, wherein an immune response 
in the form of IgG and/or IgA and/or IgM antibodies in the 
nasopharyngeal mucus is induced in said horse. 

25. An antibody preparation comprising at least one, and 
suitably at least two, antibodies specific for a protein or 
polypeptide of the composition of claim 1, which antibody/ 
antibodies is/are polyclonal or monoclonal; or which prepa 
ration comprises a fragment of said antibodies. 

26. The antibody preparation of claim 25 which is used 
prophylactically or therapeutically against Strangles and pro 
vides passive immunization when administered to a non 
human mammal Susceptible to infection by Streptococcus 
equi or infected by Streptococcus equi. 
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