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MENINGOCOCCUS VACCINES 

TECHNICAL FIELD 

This invention is in the field of meningococcal vaccination. 

BACKGROUND 

5 Neisseria meningitidis is a Gram-negative encapsulated bacterium which colonises the upper 
respiratory tract of approximately 10% of human population. Conjugate vaccines are available 
against serogroups A, C, W135 and Y, but the only vaccine which is available for protecting against 
serogroup B in general is the BEXSERO™ product which was approved in 2013. This product 
includes four main immunogenic components: the factor H binding protein, 'fHbp'; the heparin 

10 binding protein, NHBA; Neisserial adhesin A, NadA; and outer membrane vesicles (OMVs). 

SUMMARY OF THE INVENTION 

An aspect of the present invention is an immunogenic composition comprising a fusion 
polypeptide comprising all three of vl, v2 and v3 meningococcal fHbp, in combination with one or 

15 more of (i) a NHBA polypeptide (ii) a NadA polypeptide and/or (iii) meningococcal outer membrane 
vesicles. 

A further aspect of the invention is an immunogenic composition comprising meningococcal outer 
membrane vesicles in combination with one or more of (i) a NHBA polypeptide (ii) a NadA 
polypeptide and/or (iii) a fusion polypeptide comprising all three of vl, v2 and v3 meningococcal 

20 fHbp; where the outer membrane vesicles (OMVs) are present at a concentration between 5-30ug/ml. 
Particularly the fusion polypeptide comprising all three of vl, v2 and v3 meningococcal fHbp is a 
stabilised and/or fHbp non-binding fusion polypeptide. Yet more particularly, the vl fHbp 
comprises a mutation at position R41, for example an R41S mutation. Still yet more particularly, the 
v2 and v3 fHbp polypeptides comprise one or more stabilising and/or factor H (fH) non-binding 

25 mutations at the following positions numbered according to the full length sequences (SEQ ID NOs: 
1 & 3) and also according to the AG sequences (SEQ ID NOs: 8 & 7): 

Stabilising fH non-binding 

v2 
SEQ ID NO: 1 Ser-58 Leu-149 Glu-266 

v2 
SEQ ID NO: 8 Ser-32 Leu-123 Glu-240 

v3 
SEQ ID NO: 3 Ser-63 Leu-157 Glu-274 

v3 
SEQ ID NO: 7 Ser-32 Leu-126 Glu-243 

A further aspect of the present invention is an immunogenic composition comprising a fusion 
polypeptide having an amino acid sequence of formula NH2—A-[-X-L ]3-B—COOH, where each X 
is a different variant fHbp sequence, L is an optional linker amino acid sequence, A is an optional N 

30 terminal amino acid sequence, and B is an optional C terminal amino acid sequence. 
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A further aspect of the present invention is a method for protecting a mammal, such as a human, 
against a meningococcal infection, comprising administering an immunogenic composition 
according to the invention. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a RCD curve, with proportion on the y-axis (0.0 to 1.0) and SBA titer on the x-axis 
(0 to 256, in steps of 16). The top curve is group C; the group which reaches 0.0 soonest is S. 

Figure 2 provides a schematic of stabilising and factor H (fH) non-binding mutations introduced into 
the vl, v2 and v3 fHbp polypeptides to produce 731 S and 731 SNB fusion proteins. 

10 Figure 3(a)-(g) demonstrates that compositions comprising the 741-231 fusion (SEQ ID NO: 10) and 
1/40MV elicits higher GMTs than BEXSERO™ against seven strains tested (3a=v2, 3b=v2, 3c=v3, 
3d=v3, 3e=v2, 3f=v2, 3g=v3). 

DETAILED DESCRIPTION 

To enhance the BEXSERO™ product it would be advantageous to further enhance the coverage of 
15 BEXSERO™ against diverse meningococcal strains (in case of potential shifts and mutations as the 

vaccine's use spreads) and also to reduce the rare occurrences of fever which are sometimes seen 
when the vaccine is co-administered with routine infant vaccines [ 1 ]. With these aims the inventors 
have modified BEXSERO™ in two ways: (i) to include multiple alleles or variants of fHbp, in order 
to provide broader coverage of the diversity which is known for this protein; and (ii) to reduce the 

20 quantity of the OMV component in each dose. As shown herein, these two modifications indeed lead 
to an improvement in the vaccine. 

Thus, in a first embodiment the invention provides an immunogenic composition comprising a fusion 
polypeptide comprising all three of vl, v2 and v3 meningococcal fHbp, in combination with one or 
more of (i) a NHBA polypeptide (ii) a NadA polypeptide and/or (iii) meningococcal outer membrane 

25 vesicles. 

Furthermore, in a second embodiment the invention provides an immunogenic composition 
comprising meningococcal outer membrane vesicles in combination with one or more of (i) a NHBA 
polypeptide (ii) a NadA polypeptide and/or (iii) a fusion polypeptide comprising all three ofvl, v2 
and v3 meningococcal fHbp; wherein the outer membrane vesicles are present at a concentration 

30 between 5-30jug/ml. 

Similarly, combining both of these embodiments, the invention provides an immunogenic 
composition comprising a (i) a fusion polypeptide comprising all three ofvl, v2 and v3 
meningococcal fHbp, (ii) a NHBA polypeptide (iii) a NadA polypeptide and (iv) 5-30ug/ml 
meningococcal outer membrane vesicles. 
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Factor H binding protein (fHbp) 
A composition of the invention may include an immunogenic fHbp polypeptide. The BEXSERO™ 
product includes a fHbp polypeptide, and fHbp has also been known as '741' (SEQ ID NO: 2536 in 
ref. 2; SEQ ID 1 herein), 'NMB1870', 'GNA1870' [3-5], 'P2086', 'LP2086' or 'ORF2086' [6-8], 

5 The 3D structure of this protein is known [9,10], and the protein has two P-barrels connected by a 
short linker. Many publications have reported on the protective efficacy of this protein in 
meningococcal vaccines e.g. see references 11-15. This protein is expressed in lipidated form in 
multiple strains across all serogroups. fHbp sequences have been grouped into three variants [3] 
(referred to herein as vl, v2 and v3), and it has been found in general that serum raised against a 

10 given variant is bactericidal against strains which express that variant, but is not active against strains 
which express one of the other two variants i. e. there is intra-variant cross-protection, but not 
inter-variant cross-protection (except for some v2 and v3 cross-reactivity). 

To increase inter-variant cross-reactivity the fHbp sequence has been engineered to contain 
specificities for all three variants [16], Instead of following this approach, however, the invention 

15 utilises a fusion polypeptide which comprises all three of vl, v2 and v3 meningococcal fHbp. 

vl fHbp 
Full-length fHbp from strain MC58 in vl has the following amino acid sequence (SEQ ID NO: 1): 

MNRTAFCCLSLTTALILTACSSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEH 
SGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPE 
LNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 

The mature lipoprotein lacks the first 19 amino acids of SEQ ID NO: 1 (underlined; provides SEQ 
ID NO: 4, beginning with Cys-20). The BEXSERO™ product includes a 'AG' form ofvl fHbp in 

20 which the full-length sequence is truncated up to residue 26 (i.e. to remove the poly-glycine stretch 
beginning instead with Val-27), giving SEQ ID NO: 7. 

A vl meningococcal fHbp used with the invention will comprise an amino acid sequence (i) with at 
least i% sequence identity to SEQ ID NO: 7, and/or (ii) comprising a fragment of SEQ ID NO: 7. 

The value ofz maybe selected from 80, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 
25 more. It is preferably 90 (i.e. the amino acid sequence has at least 90% identity to SEQ ID NO: 7) 

and is more preferably 95. 

The fragment of (ii) will generally be at least 7 amino acids long e.g. 8, 10, 12, 14, 16, 18, 20, 22, 24, 
26, 28, 30, 32, 24, 26, 28, 40, 45, 50, 55, 60, 65, 70, 75, 80 or more contiguous amino acids from 
SEQ ID NO: 7. The fragment will typically include at least one epitope from SEQ ID NO: 7. Epitope 

30 identification and mapping is established for fHbp [12; 17-21], Sharing at least 30 contiguous amino 
acids with SEQ ID NO: 7 will be typical, and usually a vl fHbp amino acid sequence will include 
several (e.g. 2, 3, 4, 5 or more) fragments from SEQ ID NO: 7. 

Overall, a vl fHbp amino acid sequence can have at least i% sequence identity to and include several 
fragments of SEQ ID NO: 7. 
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A vl fHbp sequence generally includes at least one amino acid sequence which is not present in SEQ 
ID NO: 2 and/or at least one amino acid sequence which is not present in SEQ ID NO: 3. 

A polypeptide used with the invention and including a vl sequence can, after administration to a 
suitable host mammal (such as a mouse or a human), elicit antibodies which can recognise a 

5 wild-type meningococcal polypeptide consisting of SEQ ID NO: 4. These antibodies will include 
some antibodies which do not recognise a v2 or a v3 polypeptide (e.g. will not recognise a wild-type 
meningococcal polypeptide consisting of SEQ ID NO: 5 and a wild-type meningococcal polypeptide 
consisting of SEQ ID NO: 6), although they may also include some antibodies which cross-react with 
v2 and/or v3 polypeptides. The antibodies are ideally bactericidal against a meningococcal strain 

10 which expresses a vl fHbp e.g. against the MC58 strain (see below). 

v2 fHbp 
Full-length fHbp from strain 2996 in v2 has the following amino acid sequence (SEQ ID NO: 2): 

MNRTAFCCLSLTAALILTACSSGGGGVAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDK 
IDSLINQRSFLVSGLGGEHTAFNQLPDGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQ 
NVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

The mature lipoprotein lacks the first 19 amino acids of SEQ ID NO: 2 (underlined; provides SEQ 
ID NO: 5), and the AG form of SEQ ID NO: 2 lacks the first 26 amino acids (SEQ ID NO: 8). 

15 A v2 meningococcal fHbp used with the invention will comprise an amino acid sequence (i) with at 
least j% sequence identity to SEQ ID NO: 8, and/or (ii) comprising a fragment of SEQ ID NO: 8. 

The value ofj maybe selected from 80, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 
more. It is preferably 90 (i.e. the amino acid sequence has at least 90% identity to SEQ ID NO: 8) 
and is more preferably 95. 

20 The fragment of (ii) will generally be at least 7 amino acids long e.g. 8, 10, 12, 14, 16, 18, 20, 22, 24, 
26, 28, 30, 32, 24, 26, 28, 40, 45, 50, 55, 60, 65, 70, 75, 80 or more contiguous amino acids from 
SEQ ID NO: 8. The fragment will typically include at least one epitope from SEQ ID NO: 8. Epitope 
identification and mapping is established for fHbp (see above). Sharing at least 30 contiguous amino 
acids with SEQ ID NO: 8 will be typical, and usually a v2 fHbp amino acid sequence will include 

25 several (e.g. 2, 3, 4, 5 or more) fragments from SEQ ID NO: 8. 

Overall, a v2 fHbp amino acid sequence can have at least j% sequence identity to and include several 
fragments of SEQ ID NO: 8. 

A v2 fHbp sequence generally includes at least one amino acid sequence which is not present in SEQ 
ID NO: 1 and/or at least one amino acid sequence which is not present in SEQ ID NO: 3. 

30 A polypeptide used with the invention and including a v2 sequence can, after administration to a 
suitable host mammal (such as a mouse or a human), elicit antibodies which can recognise a 
wild-type meningococcal polypeptide consisting of SEQ ID NO: 5. These antibodies will include 
some antibodies which do not recognise a vl or a v3 polypeptide (e.g. will not recognise a wild-type 
meningococcal polypeptide consisting of SEQ ID NO: 4 and a wild-type meningococcal polypeptide 
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consisting of SEQ ID NO: 6), although they may also include some antibodies which cross-react with 
vl and/or v3 polypeptides. The antibodies are ideally bactericidal against a meningococcal strain 
which expresses a v2 fHbp e.g. against the M2091 strain (see below). 

v3 fHbp 
5 Full-length fHbp from strain M1239 in v3 has the following amino acid sequence (SEQ ID NO: 3): 

MNRTAFCCLSLTTALILTACSSGGGGSGGGGVAADIGTGLADALTAPLDHKDKGLKSLTLEDSI 
PQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEFQIYKQNHSAV 
VALQIEKINNPDKTDSLINQRSFLVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRLHYSIDFTKKQ 
GYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEK 
VHEIGIAGKQ 

The mature lipoprotein lacks the first 19 amino acids of SEQ ID NO: 3 (underlined; provides SEQ 
ID NO: 6), and the AG form of SEQ ID NO: 3 lacks the first 31 amino acids (SEQ ID NO: 9). 

A v3 meningococcal fHbp used with the invention will comprise an amino acid sequence (i) with at 
least k% sequence identity to SEQ ID NO: 9, and/or (ii) comprising a fragment of SEQ ID NO: 9. 

10 The value of k may be selected from 80, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 
more. It is preferably 90 (i.e. the amino acid sequence has at least 90% identity to SEQ ID NO: 9) 
and is more preferably 95. 

The fragment of (ii) will generally be at least 7 amino acids long e.g. 8, 10, 12, 14, 16, 18, 20, 22, 24, 
26, 28, 30, 32, 24, 26, 28, 40, 45, 50, 55, 60, 65, 70, 75, 80 or more contiguous amino acids from 

15 SEQ ID NO: 9. The fragment will typically include at least one epitope from SEQ ID NO: 9. Epitope 
identification and mapping is established for fHbp (see above). Sharing at least 30 contiguous amino 
acids with SEQ ID NO: 9 will be typical, and usually a vl fHbp amino acid sequence will include 
several (e.g. 2, 3, 4, 5 or more) fragments from SEQ ID NO: 9. 

Overall, a v3 fHbp amino acid sequence can have at least k% sequence identity to and include several 
20 fragments of SEQ ID NO: 9. 

A v3 fHbp sequence generally includes at least one amino acid sequence which is not present in SEQ 
ID NO: 1 and/or at least one amino acid sequence which is not present in SEQ ID NO: 2. 

A polypeptide used with the invention and including a v3 sequence can, after administration to a 
suitable host mammal (such as a mouse or a human), elicit antibodies which can recognise a 

25 wild-type meningococcal polypeptide consisting of SEQ ID NO: 6. These antibodies will include 
some antibodies which do not recognise a vl or a v2 polypeptide (e.g. will not recognise a wild-type 
meningococcal polypeptide consisting of SEQ ID NO: 4 and a wild-type meningococcal polypeptide 
consisting of SEQ ID NO: 5), although they may also include some antibodies which cross-react with 
vl and/or v2 polypeptides. The antibodies are ideally bactericidal against a meningococcal strain 

30 which expresses a v3 fHbp e.g. against the M01-240355 strain (see below). 

Fusion polypeptide 
The invention utilises a fusion polypeptide which comprises all three ofvl, v2 and v3 meningococcal 
fHbp. As a result, the fusion polypeptide can include at least one epitope from each of SEQ ID NOs: 
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7, 8, and 9 and, after administration to a host mammal, can elicit antibodies which can recognise all 
three of (i) a wild-type meningococcal polypeptide consisting of SEQ ID NO: 4, (ii) a wild-type 
meningococcal polypeptide consisting of SEQ ID NO: 5, and (iii) a wild-type meningococcal 
polypeptide consisting of SEQ ID NO: 6. These antibodies are ideally bactericidal against a 

5 meningococcal strain which expresses a vl fHbp, a meningococcal strain which expresses a v2 fHbp, 
and also a meningococcal strain which expresses a v3 fHbp (e.g. against each of the MC58, M2091, 
and M01-240355 strains). 

With reference to the definitions given above, where relevant, for the fusion polypeptide it is 
preferred that i=j=k. 

10 In general a fHbp fusion polypeptide of the invention has an amino acid sequence of formula: 

NH2—A-[-X-L-]3-B—COOH 

wherein each X is a different variant fHbp sequence, L is an optional linker amino acid sequence, A 
is an optional N-terminal amino acid sequence, and B is an optional C-terminal amino acid sequence. 

The three X moieties are a vl, v2, and v3 sequence as discussed above. These can be present in any 
15 order from N- to C-terminus i.e. vl-v2-v3, vl-v3-v2, v2-vl-v3, v2-v3-vl, v3-vl-v2, or v3-v2-vl. 

The most preferred order is v2-v3-vl. 

For each instance of [-X-L-], linker amino acid sequence -L- maybe present or absent. Linker amino 
acid sequence(s) -L- will typically be short (e.g. 20 or fewer amino acids i.e. 19, 18, 17, 16, 15, 14, 
13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include short peptide sequences which facilitate 

20 cloning, poly-glycine linkers (i.e. Gly„ where n = 2, 3, 4, 5, 6, 7, 8, 9, 10 or more (SEQ ID NO: 42)), 
and histidine tags (i.e. His„ where n = 3,4, 5, 6, 7, 8, 9, 10 or more (SEQ ID NO: 43)). Other suitable 
linker amino acid sequences will be apparent to those skilled in the art. One useful linker is GSGGGG 
(SEQ ID NO: 22), with the Gly-Ser dipeptide being formed from aBamRl restriction site, thus 
aiding cloning and manipulation. Another useful linker is SEQ ID NO: 23, which can optionally be 

25 preceded by a Gly-Ser dipeptide (SEQ ID NO: 24, from BamHl) or a Gly-Lys dipeptide (SEQ ID 
NO: 25, from HindWV). 

-A- is an optional N-terminal amino acid sequence. This will typically be short (e.g. 40 or fewer 
amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 
17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include leader sequences to direct 

30 protein trafficking. If Xi lacks its own N-terminus methionine, -A- may provide such a methionine 
residue in the translated polypeptide (e.g. -A- is a single Met residue). The Met may be to the 
N-terminus of a linker sequence such as SEQ ID NO: 23 (i.e. SEQ ID: 26), or at the N-terminus of a 
short sequence (e.g. SEQ ID NO: 27). 

-B- is an optional C-terminal amino acid sequence. This will typically be short (e.g. 40 or fewer 
35 amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 

17, 16, 15, 14, 13, 12, 11, 10, 9,8,7, 6,5,4,3,2, 1). Examples include sequences to direct protein 
trafficking, short peptide sequences which facilitate cloning or purification (e.g. comprising histidine 
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tags i.e. His„ where n = 3,4, 5, 6, 7, 8, 9, 10 or more (SEQ ID NO: 43)), or sequences which enhance 
polypeptide stability. Other suitable C-terminal amino acid sequences will be apparent to those 
skilled in the art. One suitable -B- moiety is SEQ ID NO: 28, in which the Leu-Glu upstream of the 
histidine tag arises from aXhol restriction site. 

5 One fusion polypeptide suitable for use with the invention comprises SEQ ID NO: 10. According to 
the above formula, in SEQ ID NO: 10 -A- is SEQ ID NO: 26, X! is a v2 fHbp sequence (SEQ ID 
NO: 8), -U- is SEQ ID NO: 24, X2 is a v3 fHbp sequence (SEQ ID NO: 9), -L2- is SEQ ID NO: 22, 
X3 is a vl fHbp sequence (SEQ ID NO: 7), and L3 and B are absent. The three fHbp sequences in 
SEQ ID NO: 10 are underlined below: 

MGPDSDRLQQRRVAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLN 
TGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFLVSG 
LGGEHTAFNQLPDGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEK 
SHAVILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGPDSDRLQQRRVAAD 
IGTGLADALTAPLDHKDKGLKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFD 
FVQKIEVDGQTITLASGEFQIYKQNHSAWALQIEKINNPDKTDSLINQRSFLVSGLGGEHTAFNQLPG 
GKAEYHGKAFSSDDPNGRLHYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGS 
EEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGL 
QSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYK 
QSHSALTAFQTEQIQDSEHSGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYT 
IDFAAKQGNGKIEHLKSPELNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSA 
EVKTVNGIRHIGLAAKQ 

10 A more preferred fusion polypeptide for use with the invention comprises SEQ ID NO: 29. 
According to the above formula, in SEQ ID NO: 29 -A- is SEQ ID NO: 26, X! is a v2 fHbp sequence 
(SEQ ID NO: 8), -Lr is SEQ ID NO: 22, X2 is a v3 fHbp sequence (SEQ ID NO: 9), -L2- is SEQ ID 
NO: 22, X3 is a vl fHbp sequence (SEQ ID NO: 7), and L3 and B are absent. The three fHbp 
sequences in SEQ ID NO: 29 are underlined below: 

MGPDSDRLQQRRVAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLN 
TGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFLVSG 
LGGEHTAFNQLPDGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEK 
SHAVILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGTGLAD 
ALTAPLDHKDKGLKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEV 
DGQTITLASGEFQIYKQNHSAVVALQIEKINNPDKTDSLINQRSFLVSGLGGEHTAFNQLPGGKAEYHG 
KAFSSDDPNGRLHYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYH 
LALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQ 
SVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALT 
AFQTEQIQDSEHSGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQ 
GNGKIEHLKSPELNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNG 
IRHIGLAAKQ 

15 Thus the invention ideally utilises a polypeptide having amino acid sequence SEQ ID NO: 10 or SEQ 
ID NO: 29, but the invention can also use a polypeptide comprising SEQ ID NO: 10 or SEQ ID NO: 
29, but modified by up to 10 single amino acid changes (i.e. 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 single 
amino acid substitutions, deletions and/or insertions), provided that the polypeptide can elicit 
antibodies which can recognise all three of a wild-type meningococcal polypeptides of SEQ ID 

20 NOs: 4-6, as discussed above. Furthermore, SEQ ID NO: 10 or SEQ ID NO: 29 can be modified to 
change their -A- moiety (e.g.to use an alternative to SEQ ID NO: 26), so a polypeptide used with the 

-7-

lcc
Rectangle



WO 2016/008961 PCT/EP2015/066229 

invention can comprise SEQ ID NO: 30, optionally modified by up to 10 single amino acid changes 
(as discussed above). 

For instance, SEQ ID NO: 30 can be modified to introduce point mutations which disrupt the ability 
of each fHbp to interact with fH. For example, SEQ ID NO: 30 can be mutated at residues E240, 

5 E496, and R543, thereby giving SEQ ID NO: 31 (comprising mutations E240X , E496X and R543X, 
where X is any amino acid other than the recited amino acid, i.e., E240X refers to any amino acid 
other than E at residue 240). A preferred embodiment of SEQ ID NO: 31 is SEQ ID NO: 32 
(comprising the mutations E240A, E496A, R543S). The invention can use SEQ ID NO: 31 (e.g. SEQ 
ID NO: 32), optionally modified by up to 5 single amino acid changes (as discussed above), provided 

10 that residues E240, E496, and R543 are not present. 

Furthermore, SEQ ID NO: 30 can be modified to introduce point mutations which increase the 
stability of a fHbp. For example, SEQ ID NO: 30 can be mutated at residues S32, L123, S285, and 
L379, thereby giving SEQ ID NO: 33 (comprising mutations S32X, L123X, S285X and L379X). A 
preferred embodiment of SEQ ID NO: 33 is SEQ ID NO: 34 (comprising mutations S32V, L123R, 

15 S285V, L379R). The invention can use SEQ ID NO: 33 (e.g. SEQ ID NO: 34), optionally modified 
by up to 5 single amino acid changes (as discussed above), provided that residues S32, L123, S285, 
and L379 are not present. One such polypeptide is SEQ ID NO: 35, in which the vl sequence has 
been modified to include a mutation as reported in ref. 22 e.g. the 'R41S' mutation (SEQ ID NO: 
36). SEQ ID NO:35 comprises mutations S32X, L123X, S285X, L379X and R543X, and SEQ ID 

20 NO:36 comprises mutations S32V, L123R, S285V, L379R and R543S. The 'R41S' nomenclature is 
numbered relative to the mature vl polypeptide (SEQ ID NO:4), thus, e.g., it is present in the SEQ 
ID NO:35 fusion polypeptide as R543X and in SEQ ID NO:36 as R543S. 

These various approaches can be combined, so the invention can utilise a polypeptide comprising 
SEQ ID NO: 37 (e.g. a polypeptide having amino acid sequence SEQ ID NO: 38). SEQ ID NO: 37 

25 and SEQ ID NO: 38 comprise mutations S32V, L123R, E240A, S285V, L379R, E496A and R543S. 
SEQ ID NO:38 further comprises SEQ ID NO:26 at the N-terminal 

In a further embodiment, the invention can use SEQ ID NO: 39 (comprising mutations L123X and 
L379X) e.g. SEQ ID NO: 40 (comprising mutations L123R and L379R). The invention can similarly 
use SEQ ID NO: 39 (e.g. SEQ ID NO: 40), optionally modified by up to 5 single amino acid changes 

30 (as discussed above), provided that residues L123 and L379 are not present (e.g. see SEQ ID NO: 34, 
which differs from SEQ ID NO: 40 by including two S/V substitutions as noted above). One such 
polypeptide is SEQ ID NO: 41, in which the vl sequence has been modified to include the 'R41S' 
mutation, and thus comprises L123R, L379R and R543S. In further embodiments, when such fusion 
proteins are present in compositions of the invention, OMVs maybe present at concentrations of 

35 between 2.5ug/ml and 12.5ug/ml. 

The amino acid residues noted for mutation above are defined relative to specific starting sequences. 
The corresponding amino acid residues in any other fHbp sequence can be readily identified by 
sequence alignment e.g. being the amino acid which, when aligned using a pairwise alignment 
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algorithm (e.g. the Needleman-Wunsch global alignment algorithm, as detailed below), aligns with 
the amino acid mentioned herein. Often the amino acid will be the same, but the alignment will 
easily identify if this is not the case. 

The fHbp is naturally a lipoprotein in N.meningitidis. It has also been found to be lipidated when 
5 expressed in E.coli with its native leader sequence or with heterologous leader sequences. 

Polypeptides of the invention may have a N-terminus cysteine residue, which may be lipidated 
e.g. comprising a palmitoyl group, usually forming tripalmitoyl-S-glyceryl-cysteine. In usual 
embodiments, however, the fusion polypeptide of the invention is not lipidated (typically because the 
N-terminal -A- moiety does not direct lipidation) in the expression host. 

10 Neisserial heparin binding antigen (NHBA) 
A composition of the invention may include an immunogenic NHBA polypeptide. The NHBA 
antigen was included in the published genome sequence for meningococcal serogroup B strain MC58 
[23] as gene NMB2132 (GenBank accession number GI:7227388; SEQ ID NO: 11 herein). The 
sequences of NHBA antigen from many strains have been published since then. For example, allelic 

15 forms of NHBA can be seen in Figures 5 and 15 of reference 24, and in example 13 and figure 21 of 
reference 2 (SEQ IDs 3179 to 3184 therein). Various immunogenic fragments of the NHBA antigen 
have also been reported, including the 'AG' fragment of SEQ ID NO: 12. Preferred NHBA antigens 
for use with the invention comprise an amino acid sequence: (a) having 60% or more identity (e.g. 
65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or 

20 more) to SEQ ID NO: 12; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of 
SEQ ID NO: 12, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 
90, 100, 150, 200, 250 or more). Preferred fragments of (b) comprise an epitope from SEQ ID NO: 
12. 

The most useful NHBA antigens of the invention can elicit antibodies which, after administration to 
25 a suitable host mammal (such as a mouse or a human), can bind to a meningococcal polypeptide 

consisting of amino acid sequence SEQ ID NO: 13. Advantageous NHBA antigens for use with the 
invention can elicit bactericidal anti-meningococcal antibodies after administration to a mammalian 
subject. 

A particularly preferred NHBA polypeptide for use with the invention comprises SEQ ID NO: 12, 
30 optionally modified by up to 3 single amino acid changes (i.e. 1, 2, or 3 single amino acid 

substitutions, deletions and/or insertions), provided that the polypeptide can elicit antibodies which 
can bind to SEQ ID NO: 13, as discussed above. 

As seen in the BEXSERO™ product, the NHBA polypeptide can usefully be present as a fusion 
polypeptide e.g. fused to aNMB1030 polypeptide. In such fusion polypeptides NMB1030 is 

35 preferably downstream ofNHBA. NMB1030 from strain MC58 has GenBank accession number 
GI:7226269 (SEQ ID NO: 14 herein). A NMB1030 sequence for use with the invention can comprise 
an amino acid sequence: (a) having 60% or more identity (e.g. 65%, 70%, 15%, 80%), 85%), 90%), 

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 14; and/or (b) 
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comprising a fragment of at least 'n' consecutive amino acids of SEQ ID NO: 14, wherein 'n' is 30 or 
more. One useful NMB1030 fragment is SEQ ID NO: 15. 

One such NHBA-NMB1030 fusion polypeptide has amino acid sequence SEQ ID NO: 16. Thus the 
invention can use SEQ ID NO: 16, optionally modified by up to 3 single amino acid changes (i.e. 1, 

5 2, or 3 single amino acid substitutions, deletions and/or insertions), provided that the polypeptide can 
elicit antibodies which can bind to SEQ ID NO: 13, as discussed above. 

Neisserial adhesin A (NadA) 
A composition of the invention may include an immunogenic NadA polypeptide. The NadA antigen 
was included in the published genome sequence for meningococcal serogroup B strain MC58 [23] as 

10 gene NMB1994 (GenBank accession number GI:7227256; SEQ ID NO: 17 herein). The sequences 
of NadA antigen from many strains have been published since then, and the protein's activity as a 
Neisserial adhesin has been well documented. Various immunogenic fragments of NadA have also 
been reported. Preferred NadA antigens for use with the invention comprise an amino acid sequence: 
(a) having 60% or more identity (e.g. 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 

15 96%, 97%, 98%), 99%, 99.5%) or more) to SEQ ID NO: 17; and/or (b) comprising a fragment of at 
least 'n' consecutive amino acids of SEQ ID NO: 17, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 
18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). Preferred fragments of (b) 
comprise an epitope from SEQ ID NO: 17. 

The most useful NadA antigens of the invention can elicit antibodies which, after administration to a 
20 host mammal, can bind to a meningococcal polypeptide consisting of amino acid sequence SEQ ID 

NO: 18. Advantageous NadA antigens for use with the invention can elicit bactericidal anti-
meningococcal antibodies after administration to a host mammal. 

A particularly preferred NadA polypeptide for use with the invention has SEQ ID NO: 19, optionally 
modified by up to 3 single amino acid changes (i.e. 1, 2, or 3 single amino acid substitutions, 

25 deletions and/or insertions), provided that the polypeptide can elicit antibodies which can bind to 
SEQ ID NO: 18, as discussed above. 

Meningococcal outer membrane vesicles (OMVs) 
Compositions of the invention include meningococcal OMVs i.e. any proteoliposomic vesicle 
obtained by disruption of or blebbing from a meningococcal outer membrane to form vesicles 

30 therefrom that retain protein components of the outer membrane (e.g. PorA, PorB, RmpM, Opa, Opc, 
Omp85, FetA/FrpB, NspA, etc.), having a diameter in the range of 50-200nm. Thus the term can 
include OMVs (sometimes referred to as 'blebs') as well as the vesicles referred to as microvesicles 
(MVs [25]) or 'native OMVs' ('NOMVs' [26]). See also references 27 to 33. Typical outer 
membrane vesicles are prepared artificially from bacteria, and may be prepared using detergent 

35 treatment (e.g. with deoxycholate), or by non-detergent means (e.g. see reference 37). Techniques for 
forming OMVs include treating bacteria with a bile acid salt detergent (e.g. salts of lithocholic acid, 
chenodeoxycholic acid, ursodeoxycholic acid, deoxycholic acid, cholic acid, ursocholic acid, etc., 
with sodium deoxycholate [34 & 35] being preferred for treating Neisseria) at a pH sufficiently high 
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not to precipitate the detergent [36], Other techniques may be performed substantially in the absence 
of detergent [37,38] using techniques such as sonication, homogenisation, microfluidisation, 
cavitation, osmotic shock, grinding, French press, blending, etc. Methods using no or low detergent 
can retain useful antigens such as NspA and fHbp [37], Thus OMVs used with the invention may be 

5 prepared using an OMV extraction buffer having about 0.5% deoxycholate or lower e.g. about 0.2%, 
about 0.1%), <0.05%) or even zero. 

The vesicles known as MVs and NOMVs are naturally-occurring membrane vesicles that form 
spontaneously during bacterial growth and are released into culture medium. MVs can be obtained 
by culturing Neisseria in broth culture medium, separating whole cells from the smaller MVs in the 

10 broth culture medium (e.g. by filtration or by low-speed centrifugation to pellet only the cells and not 
the smaller vesicles), and then collecting the MVs from the cell-depleted medium (e.g. by filtration, 
by differential precipitation or aggregation of MVs, by high-speed centrifugation to pellet the MVs). 
Strains for use in production of MVs can generally be selected on the basis of the amount of MVs 
produced in culture e.g. refs. 45 & 46 describe Neisseria with high MV production. 

15 Vesicles may be prepared from bacteria which have been genetically manipulated [39-42] e.g. to 
increase immunogenicity (e.g. hyper-express immunogens), to reduce toxicity, to inhibit capsular 

polysaccharide synthesis, to down-regulate PorA expression, etc. They may be prepared from 
hyperblebbing strains [43-46], Vesicles from bacteria with different class I outer membrane protein 
subtypes may be used e.g. six different subtypes [47,48] using two different genetically-engineered 

20 vesicle populations each displaying three subtypes, or nine different subtypes using three different 
genetically-engineered vesicle populations each displaying three subtypes, etc. Useful subtypes 
include: Pl.7,16; PI.5-1,2-2; PI.19,15-1; Pl.5-2,10; PI.12-1,13; Pl.7-2,4; Pl.22,14; Pl.7-1,1; 
PI.18-1,3,6. In general, however, it is preferred for the present invention to prepare OMVs from a 
wild-type meningococcus strain. 

25 Vesicles for use with the invention can thus be prepared from any wild-type meningococcal strain. 
The vesicles will usually be from a serogroup B strain, but it is possible to prepare them from 
serogroups other than B (e.g. reference 36 discloses a process for serogroup A), such as A, C, W135 
or Y. The strain may be of any serotype (e.g. 1, 2a, 2b, 4, 14, 15, 16, etc.), any serosubtype (e.g. 
P1.4), and any immunotype (e.g. LI; L2; L3; L3,7; L3,7,9; L10; etc.). The meningococci maybe 

30 from any suitable lineage, including hyperinvasive and hypervirulent lineages e.g. any of the 
following seven hypervirulent lineages: subgroup I; subgroup III; subgroup IV-1; ET-5 complex; 
ET-37 complex; A4 cluster; lineage 3. Most preferably, OMVs are prepared from the strain 
NZ98/254, or another strain with the PI .4 PorA serosubtype. The invention advantageously uses the 
same OMVs which are used in the BEXSERO™ and MENZB™ products, prepared from the strain 

35 NZ98/254. 

Vesicles will generally include meningococcal LOS (also known as LPS), but the pyrogenic effect of 
LOS in OMVs is much lower than seen with the same amount of purified LOS, and adsorption of 
OMVs to aluminium hydroxide further reduces pyrogenicity. LOS levels are expressed in 
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International Units (IU) of endotoxin and can be tested by the LAL assay (limulus amebocyte lysate). 
Preferably, LOS is present at less than 2000 IU per jug of OMV protein. 

When LOS is present in a vesicle it is possible to treat the vesicle so as to link its LOS and protein 
components ("intra-bleb" conjugation [49]). 

5 A useful process for OMV purification is described in reference 50 and involves ultrafiltration on 
crude OMVs, rather than instead of high speed centrifugation. The process may involve a step of 
ultracentrifugation after the ultrafiltration takes place. OMVs can also be purified using the two stage 
size filtration process described in ref. 51. 

OMVs can usefully be suspended in a sucrose solution after they have been prepared. 

10 Combinations 
A composition of the invention can include each of (a) a fusion polypeptide comprising all three of 
vl, v2 and v3 meningococcal fHbp (b) a NHBA polypeptide (c) a NadA polypeptide and (d) OMVs. 

In such combinations: (a) the fHbp fusion polypeptide ideally comprises amino acid sequence SEQ 
ID NO: 10, but optionally modified by up to 10 single amino acid changes, as discussed above; (b) 

15 the NHBA polypeptide ideally comprises amino acid sequence SEQ ID NO: 12, but optionally 
modified by up to 3 single amino acid changes, as discussed above; and (c) the NadA polypeptide 
ideally comprises amino acid sequence SEQ ID NO: 19, but optionally modified by up to 3 single 
amino acid changes, as discussed above. 

More preferably: (a) the fHbp fusion polypeptide has amino acid sequence SEQ ID NO: 10; (b) the 
20 NHBA polypeptide comprises amino acid sequence SEQ ID NO: 12; and (c) the NadA polypeptide 

has amino acid sequence SEQ ID NO: 19. 

Even more preferably: (a) the fHbp fusion polypeptide has amino acid sequence SEQ ID NO: 10; 
(b) the NHBA polypeptide has amino acid sequence SEQ ID NO: 16; and (c) the NadA polypeptide 
has amino acid sequence SEQ ID NO: 19. 

25 The polypeptides in compositions of the invention can be present at any concentration which results 
in an effective immunological response in a host. This dosing can be established through routine 
testing, particularly in view of the guidance provided by the BEXSERO™ product, which has fHbp, 
NHBA and NadA polypeptides each present at 1 OOug/ml. Thus fHbp, NHBA and/or NadA 
polypeptides may each be present in a composition of the invention at a concentration of between 

30 20jug/ml and 400jug/ml e.g. between 50-150jug/ml, between 80-120jug/ml, or about lOOjug/ml. 
Antigen concentrations are easily quantified by standard protein assays. 

Similarly, OMVs in compositions of the invention can be present at any concentration which results 
in an effective immunological response in a host. This dosing can be established through routine 
testing, particularly in view of the guidance provided by the BEXSERO™ product, in which OMVs 

35 are present at 50ug/ml. Thus, according to the first embodiment of the invention, OMVs may be 
present in a composition at a concentration of between 20ug/ml and 1 OOug/ml e.g. between 
30-75jug/ml, between 40-60jug/ml, or ideally about 50jug/ml. In the second embodiment of the 
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invention, however, OMVs are present at a lower concentration, namely between 5ug/ml and 
30ug/ml e.g. between 1 Oug/ml and 15ug/ml, or ideally about 12.5ug/ml. In certain embodiments, 
OMVs are present at lower concentrations of between 2.5ug/ml and 12.5ug/ml, for example at 
2.5jug/ml, 3.0jug/ml, 3.5jug/ml, 4.0jug/ml, 4.5jug/ml, 5.0jug/ml, 5.5jug/ml, 6.0jug/ml, 6.5jug/ml, 

5 7.0jug/ml, 7.5jug/ml, 8.0jug/ml, 8.5jug/ml, 9.0jug/ml, 9.5jug/ml and lOjug/ml. 

OMV quantities and concentrations in compositions of the invention are defined in the same manner 
as in the BEXSERO™ product, namely by reference to their total protein content. This can be 
assessed using various assays e.g. ref.29 discloses use of the Folin-Lowry assay. Total protein can be 
assayed according to the European Pharmacopoeia, Ph. Eur. Assay 2.5.33, using any of the seven 

10 pharmacopoeial methods. Method 2 provides the Lowry test, which is preferred. Thus a composition 
of the second embodiment of the invention includes OMVs with 5-30ug/ml total protein. 

Polypeptides 
Polypeptides of the invention can be prepared by various means e.g. by chemical synthesis (at least 
in part), by digesting longer polypeptides using proteases, by translation from RNA, by purification 

15 from cell culture (e.g. from recombinant expression or from N.meningitidis culture), etc. 
Heterologous expression in an E.coli host is a preferred expression route. 

Polypeptides of the invention are ideally at least 100 amino acids long e.g. 150aa, 175aa, 200aa, 
225aa, or longer. For instance, a fHbp fusion polypeptide will usually be at least 500aa long, a 
NHBA polypeptide will usually be at least 400aa long, and a NadA polypeptide will usually be at 

20 least 250aa long. 

Polypeptides are preferably prepared in substantially pure or substantially isolated form (i.e. 
substantially free from other Neisserial or host cell polypeptides). In general, the polypeptides are 
provided in a non-naturally occurring environment e.g. they are separated from their 
naturally-occurring environment. In certain embodiments, the polypeptide is present in a composition 

25 that is enriched for the polypeptide as compared to a starting material. Thus purified polypeptide is 
provided, whereby purified means that the polypeptide is present in a composition that is 
substantially free of other expressed polypeptides, whereby substantially free is meant that more than 
50% (e.g. >75%, >80%, >90%, >95%, or >99%) of total polypeptide in the composition is a 
polypeptide of the invention. 

30 Polypeptides can take various forms (e.g. native, fusions, non-glycosylated, lipidated, disulfide 
bridges, etc.). 

Sequences such as SEQ ID NO: 19 do not include a N-terminus methionine. If a polypeptide of the 
invention is produced by translation in a biological host then a start codon is required, which will 
provide a N-terminus methionine in most hosts. Thus a polypeptide of the invention will, at least at a 

35 nascent stage, include a methionine residue upstream of said SEQ ID NO sequence. 

In some embodiments a polypeptide in a composition of the invention can include a N-terminal 
sequence upstream of (as appropriate) the fHbp, NHBA or NadA polypeptide sequence. In some 
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embodiments the polypeptide has a single methionine at the N-terminus immediately followed by the 
relevant immunogen's amino acid sequence; in other embodiments a longer upstream sequence may 
be used. Such an upstream sequence may be short (e.g. 40 or fewer amino acids i.e. 39, 38, 37, 36, 
35,34,33,32,31,30, 29,28,27, 26, 25,24, 23,22,21,20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 

5 8, 7, 6, 5, 4, 3, 2, 1). Examples include leader sequences to direct protein trafficking, or short peptide 
sequences which facilitate cloning or purification (e.g. a histidine tag i.e. His„ where n = 4, 5, 6, 7, 8, 

9, 10 or more (SEQ ID NO: 44)). 

A polypeptide of the invention may also include amino acids downstream of the final amino acid of 
the fHbp, NHBA or NadA (as appropriate) amino acid sequence. Such C-terminal extensions maybe 

10 short (e.g. 40 or fewer amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 
23,22,21,20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9,8,7, 6,5,4,3,2, 1). Examples include 
sequences to direct protein trafficking, short peptide sequences which facilitate cloning or 
purification (e.g. comprising a histidine tag i.e. His„ where n = 4, 5, 6, 7, 8,9, 10 or more (SEQ ID 
NO: 44)), or sequences which enhance polypeptide stability. Other suitable C-terminal amino acid 

15 sequences will be apparent to those skilled in the art. 

The term "polypeptide" refers to amino acid polymers of any length. The polymer may be linear or 
branched, it may comprise modified amino acids, and it may be interrupted by non-amino acids. The 
terms also encompass an amino acid polymer that has been modified naturally or by intervention; for 
example, disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation, or any 

20 other manipulation or modification, such as conjugation with a labeling component. Also included 
within the definition are, for example, polypeptides containing one or more analogs of an amino acid 
(including, for example, unnatural amino acids, etc.), as well as other modifications known in the art. 
Polypeptides can occur as single chains or associated chains. 

Polypeptides of the invention are preferably expressed recombinantly in a heterologous host (for 
25 example, in E.coli), then purified, and then combined and formulated with OMVs to give a 

composition of the invention. 

In some embodiments, a polypeptide comprises an amino acid sequence as described above, except 
that up to 10 amino acids (i.e. 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10) at the N-terminus and/or up to 10 amino 
acids (i.e. 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10) at the C-terminus are deleted. 

30 Bactericidal responses 
As mentioned above, preferred polypeptides and compositions of the invention can elicit antibody 
responses that are bactericidal against meningococci. Bactericidal antibody responses are 
conveniently measured after immunisation of mice and are a standard indicator of vaccine efficacy 
(e.g. see end-note 14 ofref. 52; also ref. 53). Thus the antibodies will be bactericidal against a test 

35 strain in a suitable serum bactericidal assay (SBA). 

A fusion fHbp polypeptide can preferably elicit an antibody response which is bactericidal against a 
meningococcal strain which expresses a vl fHbp, a meningococcal strain which expresses a v2 fHbp, 
and also a meningococcal strain which expresses a v3 fHbp. A suitable vl strain for a SBA test is 
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MC58, which is widely available (e.g. ATCC BAA-335) and was the strain sequenced in reference 
23. A suitable v2 strain for a SBA test is M2091 (ATCC 13091). A suitable v3 strain for a SBA test 
is M01-240355, which is a Neisseria MLST reference strains (id 19265 in ref. 54) that has been fully 
sequenced (see EMBL ID CP002422 [55]) 

5 Thus preferred fHbp fusion polypeptides can elicit antibodies in a mouse which are bactericidal 
against each of strains MC58, M2091, and M01-240355 in a serum bactericidal assay. For example, 
a composition of the invention can provide a serum bactericidal titer of >1:4 using the Goldschneider 
assay with human complement [56-58], and/or providing a serum bactericidal titer of >1:128 using 
baby rabbit complement. 

10 Immunisation 
Polypeptides as discussed above may be used as the active ingredient(s) of immunogenic 
compositions, and so the invention provides an immunogenic composition (e.g. a vaccine) of the 
invention comprising polypeptides as discussed above. 

The invention also provides a method for raising an antibody response in a mammal, such as a mouse 
15 or a human, comprising administering an immunogenic composition of the invention to the mammal. 

The antibody response is preferably a protective and/or bactericidal antibody response. The invention 
also provides compositions of the invention for use in such methods. 

The invention also provides a method for protecting a mammal, such as a mouse or a human, against 
a Neisserial (e.g. meningococcal) infection, comprising administering to the mammal an 

20 immunogenic composition of the invention. 

The invention provides compositions of the invention for use as medicaments (e.g. as immunogenic 
compositions or as vaccines). In one embodiment, it also provides the use of a fusion polypeptide 
comprising all three of vl, v2 and v3 meningococcal fHbp, and one or more of (i) a NHBA 
polypeptide (ii) a NadA polypeptide and/or (iii) meningococcal outer membrane vesicles, in the 

25 manufacture of a medicament for preventing Neisserial (e.g. meningococcal) infection in a mammal. 
In another embodiment, the invention provides the use of meningococcal outer membrane vesicles 
and one or more of (i) a NHBA polypeptide (ii) a NadA polypeptide and/or (iii) a fusion polypeptide 
comprising all three of vl, v2 and v3 meningococcal fHbp, in the manufacture of a medicament for 
preventing Neisserial (e.g. meningococcal) infection in a mammal, wherein the concentration of 

30 outer membrane vesicles in the medicament is between 5-30ug/ml. 

The mammal is preferably a human. The human may be an adult or, preferably, a child. Where the 
vaccine is for prophylactic use, the human is preferably a child (e.g. a toddler or infant); where the 
vaccine is for therapeutic use, the human is preferably an adult. A vaccine intended for children may 
also be administered to adults e.g. to assess safety, dosage, immunogenicity, etc. 

35 The uses and methods are particularly useful for preventing/treating diseases including, but not 
limited to, meningitis (particularly bacterial, such as meningococcal, meningitis) and bacteremia. For 
instance, they are suitable for active immunisation of individuals against invasive meningococcal 
disease caused by N.meningitidis (for example in serogroup B). 
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Efficacy of therapeutic treatment can be tested by monitoring Neisserial infection after 
administration of the composition of the invention. Efficacy of prophylactic treatment can be tested 
by monitoring immune responses against fHbp, NHBA, NadA and PorA (as appropriate) after 
administration of the composition. Immunogenicity of compositions of the invention can be 

5 determined by administering them to test subjects (e.g. children 12-16 months age, or animal models) 
and then determining standard parameters including serum bactericidal antibodies (SBA) and ELISA 
titres (GMT). These immune responses will generally be determined around 4 weeks after 
administration of the composition, and compared to values determined before administration of the 
composition. A SBA increase of at least 4-fold or 8-fold is preferred. Where more than one dose of 

10 the composition is administered, more than one post-administration determination may be made. 

Preferred compositions of the invention can confer an antibody titre in a patient that is superior to the 
criterion for seroprotection for each antigenic component for an acceptable percentage of human 
subjects. Antigens with an associated antibody titre above which a host is considered to be 
seroconverted against the antigen are well known, and such titres are published by organisations such 

15 as WHO. Preferably more than 80% of a statistically significant sample of subjects is seroconverted, 
more preferably more than 90%, still more preferably more than 93%) and most preferably 96-100%). 

The invention may be used to elicit systemic and/or mucosal immunity. 

Compositions of the invention will generally be administered directly to a patient. Direct delivery 
maybe accomplished by parenteral injection (e.g. subcutaneously, intraperitoneally, intravenously, 

20 intramuscularly, or to the interstitial space of a tissue), or by rectal, oral, vaginal, topical, 
transdermal, intranasal, ocular, aural, pulmonary or other mucosal administration. Intramuscular 
administration to the thigh or the upper arm is preferred. Injection may be via a needle (e.g. a 
hypodermic needle), but needle-free injection may alternatively be used. A typical intramuscular 
dose is about 0.5 ml (e.g. as seen in the BEXSERO™ product). 

25 Dosage treatment can be a single dose schedule or a multiple dose schedule. Multiple doses may be 
used in a primary immunisation schedule and/or in a booster immunisation schedule. A primary dose 
schedule may be followed by a booster dose schedule. Suitable timing between priming doses 
(e.g. between 4-16 weeks), and between priming and boosting, can be routinely determined. For 
instance, the BEXSERO™ product is administered as two or three doses given note less than 1 

30 month or not less than 2 months apart, depending on the subject (e.g. infants or others). 

The immunogenic composition of the invention will generally include a pharmaceutically acceptable 
carrier, which can be any substance that does not itself induce the production of antibodies harmful 
to the patient receiving the composition, and which can be administered without undue toxicity. 
Pharmaceutically acceptable carriers can include liquids such as water, saline, glycerol and ethanol. 

35 Auxiliary substances, such as wetting or emulsifying agents, pH buffering substances, and the like, 
can also be present in such vehicles. A thorough discussion of suitable carriers is available in ref. 59. 
For example, the BEXSERO™ product includes sodium chloride, histidine, sucrose, aluminium 
hydroxide, and water for injections. 
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Neisserial infections affect various areas of the body and so the compositions of the invention maybe 
prepared in various forms. For example, the compositions maybe prepared as injectables, either as 
liquid solutions or suspensions. Solid forms suitable for solution in, or suspension in, liquid vehicles 
prior to injection can also be prepared. Compositions suitable for parenteral injection (e.g. to the 

5 muscle) are most preferred. 

The composition is preferably sterile. It is preferably pyrogen-free. It is preferably buffered e.g. at 
between pH 6 and pH 8, generally around pH 7. Where a composition comprises an aluminium 
hydroxide salt, it is preferred to use a histidine buffer [60], Compositions of the invention may be 
isotonic with respect to humans. 

10 Immunogenic compositions comprise an immunologically effective amount of immunogen, as well 
as any other of other specified components, as needed. By 'immunologically effective amount', it is 
meant that the administration of that amount to an individual, either in a single dose or as part of a 
series, is effective for treatment or prevention. This amount varies depending upon the health and 
physical condition of the individual to be treated, age, the taxonomic group of individual to be treated 

15 (e.g. non-human primate, primate, etc.), the capacity of the individual's immune system to synthesise 
antibodies, the degree of protection desired, the formulation of the vaccine, the treating doctor's 
assessment of the medical situation, and other relevant factors. It is expected that the amount will fall 
in a relatively broad range that can be determined through routine trials. Dosage treatment may be a 
single dose schedule or a multiple dose schedule (e.g. including booster doses). The composition 

20 may be administered in conjunction with other immunoregulatory agents. 

Adjuvants which may be used in compositions of the invention include, but are not limited to 
insoluble metal salts, oil-in-water emulsions (e.g. MF59 or AS03, both containing squalene), 
saponins, non-toxic derivatives of LPS (such as monophosphoryl lipid A or 3-O-deacylated MPL), 
immunostimulatory oligonucleotides, detoxified bacterial ADP-ribosylating toxins, microparticles, 

25 liposomes, imidazoquinolones, or mixtures thereof. Other substances that act as immunostimulating 
agents are disclosed in chapter 7 of ref. 61. 

The use of an aluminium hydroxide and/or aluminium phosphate adjuvant is particularly preferred, 
and polypeptides are generally adsorbed to these salts. These salts include oxyhydroxides and 
hydroxyphosphates (e.g. see chapters 8 & 9 of ref. 61). The salts can take any suitable form (e.g. gel, 

30 crystalline, amorphous, etc.). Al+++ should be present at <1 mg/dose. 

The most preferred adjuvant is aluminium hydroxide, as used in the BEXSERO™ product. 
Polypeptides and OMVs in a composition of the invention can be adsorbed to this adjuvant, as seen 
in the BEXSERO™ product. Aluminium hydroxide can be included at about 1 mg/ml Al+++ (i.e. 
0.5mg per 0.5ml dose) 

35 Further antigenic components 
A composition of the invention can include further meningococcal polypeptide immunogens in 
addition to fHbp, NHBA, NadA and/or OMVs. For instance, it might include one or more of NspA, 
App, NhhA, HmbR, etc. 
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A composition of the invention can also include a '936' antigen. The 936 antigen was included in the 
published genome sequence for meningococcal serogroup B strain MC58 [23] as gene NMB2091 
(SEQ ID NO: 20 herein). Preferred 936 antigens for use with the invention comprise an amino acid 
sequence: (a) having 50% or more identity (e.g. 60%, 65%), 70%, 75%, 80%), 85%), 90%), 91%), 92%, 

5 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 21; and/or (b) comprising a 
fragment of at least 'n' consecutive amino acids of SEQ ID NO: 21, wherein 'n' is 7 or more (e.g. 8, 
10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). Preferred 
fragments of (b) comprise an epitope from SEQ ID NO: 21. The most useful 936 antigens of the 
invention can elicit antibodies which, after administration to a host mammal, can bind to a 

10 meningococcal polypeptide consisting of amino acid sequence SEQ ID NO: 20. The 936 antigen is a 
good fusion partner for fHbp (e.g. see references 62 & 63). 

In addition to meningococcal polypeptide antigens, the composition may include antigens for 
immunising against other diseases or infections. For example, the composition may include one or 
more of the following further antigens: 

15 - a saccharide antigen from N.meningitidis serogroup A, C, W135 and/or Y, such as the 
saccharide disclosed in ref. 64 from serogroup C (see also ref. 65) or in ref. 66. 

- a saccharide antigen from Streptococcus pneumoniae [e.g. 67, 68, 69], 
- an antigen from hepatitis A virus, such as inactivated virus [e.g. 70, 71]. 
- an antigen from hepatitis B virus, such as the surface and/or core antigens [e.g. 71, 72], 

20 - a diphtheria antigen, such as a diphtheria toxoid [e.g. chapter 3 of ref. 73] e.g. the CRM497 
mutant [e.g. 74], 

- a tetanus antigen, such as a tetanus toxoid (e.g. chapter 4 of ref. 73). 
- an antigen from Bordetella pertussis, such as pertussis holotoxin (PT) and filamentous 

haemagglutinin (FHA) from B.pertussis, optionally also in combination with pertactin and/or 
25 agglutinogens 2 and 3 (e.g. refs. 75 & 76). 

- a saccharide antigen from Haemophilus influenzae B [e.g. 65], 
- polio antigen(s) [e.g. 77, 78] such as IPV. 
- measles, mumps and/or rubella antigens (e.g. chapters 9, 10 & 11 of ref. 73). 
- influenza antigen(s) (e.g. chapter 19 of ref. 73), such as the haemagglutinin and/or 

30 neuraminidase surface proteins. 
- an antigen from Moraxella catarrhalis [e.g. 79], 
- an protein antigen from Streptococcus agalactiae (group B streptococcus) [e.g. 80, 81]. 
- a saccharide antigen from Streptococcus agalactiae (group B streptococcus). 
- an antigen from Streptococcus pyogenes (group A streptococcus) [e.g. 81, 82, 83], 

35 - an antigen from Staphylococcus aureus [e.g. 84], 
The composition may comprise one or more of these further antigens. 

Toxic protein antigens may be detoxified where necessary (e.g. detoxification of pertussis toxin by 
chemical and/or genetic means [76]). 
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Where a diphtheria antigen is included in the composition it is preferred also to include tetanus 
antigen and pertussis antigens. Similarly, where a tetanus antigen is included it is preferred also to 
include diphtheria and pertussis antigens. Similarly, where a pertussis antigen is included it is 
preferred also to include diphtheria and tetanus antigens. DTP combinations are thus preferred. 

5 Saccharide antigens are preferably in the form of conjugates. Carrier proteins for the conjugates are 
discussed in more detail below. 

Antigens in the composition will typically be present at a concentration of at least 1 jug/ml each. In 
general, the concentration of any given antigen will be sufficient to elicit an immune response against 
that antigen. 

10 Immunogenic compositions of the invention may be used therapeutically (i. e. to treat an existing 
infection) or prophylactically (i.e. to prevent future infection). 

As an alternative to using proteins antigens in the immunogenic compositions of the invention, 
nucleic acid (which could be RNA, such as a self-replicating RNA, or DNA, such as a plasmid) 
encoding the antigen may be used. 

15 In some embodiments a composition of the invention comprises conjugated capsular saccharide 
antigens from 1, 2, 3 or 4 of meningococcus serogroups A, C, W135 and Y. In other embodiments a 
composition of the invention comprises at least one conjugated pneumococcal capsular saccharide 
antigen. 

Meningococcus serogroups Y. W135. C and A 
20 Current serogroup C vaccines (MENJUGATE™ [64,85], MENINGITEC™ and NEISVAC-C™) 

include conjugated saccharides. MENJUGATE™ and MeningitecMENINGITEC™ have 
oligosaccharide antigens conjugated to a CRM197 carrier, whereas NEISVAC-C™ uses the complete 
polysaccharide (de-O-acetylated) conjugated to a tetanus toxoid carrier. The MENACTRA™ vaccine 

contains conjugated capsular saccharide antigens from each of serogroups Y, W135, C and A. 

25 Compositions of the present invention may include capsular saccharide antigens from one or more of 
meningococcus serogroups Y, W135, C and A, wherein the antigens are conjugated to carrier 
protein(s) and/or are oligosaccharides. For example, the composition may include a capsular 
saccharide antigen from: serogroup C; serogroups A and C; serogroups A, C and W135; serogroups 
A, C and Y; serogroups C, W135 and Y; or from all four of serogroups A, C, W135 and Y. 

30 A typical quantity of each meningococcal saccharide antigen per dose is between 1 jug and 20jug 
e.g. about 1 jug, about 2.5jug, about 4ju.g, about 5jug, or about lOjug (expressed as saccharide). 

Where a mixture comprises capsular saccharides from both serogroups A and C, the ratio (w/w) of 
MenA saccharide :MenC saccharide maybe greater than 1 (e.g. 2:1, 3:1, 4:1, 5:1, 10:1 or higher). 
Where a mixture comprises capsular saccharides from serogroup Y and one or both of serogroups C 

35 and W135, the ratio (w/w) of MenY saccharide:MenW135 saccharide maybe greater than 1 (e.g. 
2:1, 3:1, 4:1, 5:1, 10:1 or higher) and/or that the ratio (w/w) ofMenY saccharide:MenC saccharide 
maybe less than 1 (e.g. 1:2, 1:3, 1:4, 1:5, or lower). Preferred ratios (w/w) for saccharides from 
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serogroups A:C:W135:Y are: 1:1:1:1; 1:1:1:2; 2:1:1:1; 4:2:1:1; 8:4:2:1; 4:2:1:2; 8:4:1:2; 4:2:2:1; 
2:2:1:1; 4:4:2:1; 2:2:1:2; 4:4:1:2; and 2:2:2:1. Preferred ratios (w/w) for saccharides from serogroups 
C:W135:Y are: 1:1:1; 1:1:2; 1:1:1; 2:1:1; 4:2:1; 2:1:2; 4:1:2; 2:2:1; and 2:1:1. Using a substantially 
equal mass of each saccharide is preferred. 

5 Capsular saccharides may be used in the form of oligosaccharides. These are conveniently formed by 
fragmentation of purified capsular polysaccharide (e.g. by hydrolysis), which will usually be 
followed by purification of the fragments of the desired size. 

Fragmentation of polysaccharides is preferably performed to give a final average degree of 
polymerisation (DP) in the oligosaccharide of less than 30 (e.g. between 10 and 20, preferably 

10 around 10 for serogroup A; between 15 and 25 for serogroups W135 and Y, preferably around 15-20; 
between 12 and 22 for serogroup C; etc.). DP can conveniently be measured by ion exchange 
chromatography or by colorimetric assays [86], 

If hydrolysis is performed, the hydrolysate will generally be sized in order to remove short-length 
oligosaccharides [65], This can be achieved in various ways, such as ultrafiltration followed by 

15 ion-exchange chromatography. Oligosaccharides with a degree of polymerisation of less than or 
equal to about 6 are preferably removed for serogroup A, and those less than around 4 are preferably 
removed for serogroups W135 and Y. 

Preferred MenC saccharide antigens are disclosed in reference 85, as used in MENJUGATE™. 

Covalent conjugation 
20 Capsular saccharides in compositions of the invention will usually be conjugated to carrier protein(s). 

In general, conjugation enhances the immunogenicity of saccharides as it converts them from 
T-independent antigens to T-dependent antigens, thus allowing priming for immunological memory. 
Conjugation is particularly useful for paediatric vaccines and is a well known technique. 

Typical carrier proteins are bacterial toxins, such as diphtheria or tetanus toxins, or toxoids or 
25 mutants thereof. The CRMI97 diphtheria toxin mutant [87] is useful, and is the carrier in the 

PREVNAR™ product. Other suitable carrier proteins include the N.meningitidis outer membrane 
protein complex [88], synthetic peptides [89,90], heat shock proteins [91,92], pertussis proteins 
[93,94], cytokines [95], lymphokines [95], hormones [95], growth factors [95], artificial proteins 
comprising multiple human CD4+ T cell epitopes from various pathogen-derived antigens [96] such 

30 asN19 [97], protein D from H.influenzae [98-100], pneumolysin [101] or its non-toxic derivatives 
[102], pneumococcal surface protein PspA [103], iron-uptake proteins [104], toxin A or B from 
C.difficile [105], recombinant P.aeruginosa exoprotein A (rEPA) [106], etc. 

Any suitable conjugation reaction can be used, with any suitable linker where necessary. 

The saccharide will typically be activated or functionalised prior to conjugation. Activation may 
35 involve, for example, cyanylating reagents such as CDAP (e.g. 1 -cyano-4-dimethylamino pyridinium 
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tetrafluoroborate [ 107,108,e/e.]). Other suitable techniques use carbodiimides, hydrazides, active 
esters, norborane, p-nitrobenzoic acid, N-hydroxysuccinimide, S-NHS, EDC, TSTU, etc. 

Linkages via a linker group may be made using any known procedure, for example, the procedures 
described in references 109 and 110. One type of linkage involves reductive amination of the 

5 polysaccharide, coupling the resulting amino group with one end of an adipic acid linker group, and 
then coupling a protein to the other end of the adipic acid linker group [111,112], Other linkers 
include B-propionamido [113], nitrophenyl-ethylamine [114], haloacyl halides [115], glycosidic 
linkages [116], 6-aminocaproic acid [117], ADH [118], C4 to Ci2 moieties [119] etc. As an 
alternative to using a linker, direct linkage can be used. Direct linkages to the protein may comprise 

10 oxidation of the polysaccharide followed by reductive amination with the protein, as described in, for 
example, references 120 and 121. 

A process involving the introduction of amino groups into the saccharide (e.g. by replacing terminal 
=0 groups with -NH2) followed by derivatisation with an adipic diester (e.g. adipic acid 
N-hydroxysuccinimido diester) and reaction with carrier protein is preferred. Another preferred 

15 reaction uses CDAP activation with a protein D carrier e.g. for MenA or MenC. 

General 
The term "comprising" encompasses "including" as well as "consisting" e.g. a composition 
"comprising" X may consist exclusively of X or may include something additional e.g. X + Y. 
References to "comprising" (or "comprises", etc.) may optionally be replaced by references to 

20 "consisting of' (or "consists of', etc.). 

The term "about" in relation to a numerical value x is optional and means, for example, x+10%. 

The word "substantially" does not exclude "completely" e.g. a composition which is "substantially 
free" from Y may be completely free from Y. Where necessary, the word "substantially" may be 
omitted from the definition of the invention. 

25 "Sequence identity" is preferably determined by the Needleman-Wunsch global alignment algorithm 
[122], using default parameters (e.g. with Gap opening penalty = 10.0, and with Gap extension 
penalty = 0.5, using the EBLOSUM62 scoring matrix). This algorithm is conveniently implemented 
in the needle tool in the EMBOSS package [123], Where the application refers to sequence identity 
to a particular SEQ ID, the identity should be calculated over the entire length of that SEQ ID. 

30 After serogroup, meningococcal classification includes serotype, serosubtype and then immunotype, 
and the standard nomenclature lists serogroup, serotype, serosubtype, and immunotype, each 
separated by a colon e.g. B:4:P1.15:L3,7,9. Within serogroup B, some lineages cause disease often 
(hyperinvasive), some lineages cause more severe forms of disease than others (hypervirulent), and 
others rarely cause disease at all. Seven hypervirulent lineages are recognised, namely subgroups I, 

35 III and IV-1, ET-5 complex, ET-37 complex, A4 cluster and lineage 3. These have been defined by 
multilocus enzyme electrophoresis (MLEE), but multilocus sequence typing (MLST) has also been 
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used to classify meningococci. The four main hypervirulent clusters are ST32, ST44, ST8 and ST11 
complexes. 

EXAMPLES 

Example 1: The BEXSERO™ vaccine (for reference) 
5 The BEXSERO™ product is safe and effective and has been authorised for human use in Europe and 

elsewhere. It has the following immunogenic ingredients per 0.5ml dose: 

Immunogen Quantity Notes 
fHbp 50jng Fusion polypeptide with NMB2091 at N-terminus 
NHBA 50jng Fusion polypeptide with NMB1030 at C-terminus 
NadA 50jng -

OMV 25 jug (total protein) StrainNZ98/254 (B:4:P1.7-2,4, LI,3) 

These immunogens are adsorbed to an aluminium hydroxide adjuvant (0.5mg Al+++ per dose). The 
composition also includes NaCl, a histidine buffer, and sucrose. 

10 Example 2: Stabilised and Stabilised Non-Binding Fusion polypeptides 
The inventors have studied two different types of mutation in v2 and v3: firstly, they have identified 
residues within SEQ ID NO: 2 and SEQ ID NO: 3 which can be modified to increase the 
polypeptide's stability. Secondly, they have identified residues which decrease binding to human 
factor H (fH). Mutant fHbp polypeptides comprising both types of mutation, have enhanced 

15 properties. Specifically, fHbp mutants that do not bind factor H but which retain immunogenicity are 
advantageous because the resultant antibody responses are directed towards epitopes in or near the 
fH-binding site. Following vaccination using wild-type fHbp vaccine antigens, such epitopes may be 
obscured by factor H binding. The amino acids of most interest are as follows, numbered according 
to the full-length sequences (SEQ ID NOs: 1 & 3) and also according to the AG sequences (SEQ ID 

20 NOs: 8 & 7): 

Stability** fH binding 

v2 
SEQ ID NO: 1 Ser-58 Leu-149 Glu-266 

v2 
SEQ ID NO: 8 Ser-32 Leu-123 Glu-240 

v3 
SEQ ID NO: 3 Ser-63 Leu-157 Glu-274 

v3 
SEQ ID NO: 7 Ser-32 Leu-126 Glu-243 

** Where only one of these residues is mutated, it is preferably the leucine 

The mutations for stability and fHbp binding were combined into mutant forms of v2 and v3 and 
fused with a mutant vl sequence comprising the R41S mutation. Mutants were fused in the order v2-
v3-vl and were joined using linkers, to give 731 SNB (SEQ ID NO: 38). Compared to the three wild-

25 type sequences, this fusion polypeptide includes a total of 7 point mutations (Figure 2). 

Separately, the mutations for stability in v2 and v3 were fused with the 'R41S' mutant vl sequence 
in the order v2-v3-vl and were joined using linkers, to give 731 S (SEQ ID NO: 40). Thus, compared 
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to the three wild-type sequences, this fusion polypeptide includes a total of 5 point mutations (Figure 
2). 

The ability of non-fH binding forms of fHbp to elicits SBA titers was tested in transgenic (Tg) mice: 

Antigen rSBA titers obtained against prototypic strains 

Var 1.1 Var 2.16 Var 3.42 

fHbp fusion 

SEQ ID NO: 10 

1024* 4096 8192 

fHbp fusion 

SEQ ID NO: 38 

16384 32768 >32768 

5 These data indicate that non-binding forms of fHbp may be more immunogenic. 

Example 3: Substitution of NMB2091-fHbp fusion 
The BEXSERO™ product was modified by replacing the NMB2091-fHbp fusion polypeptide with a 
"triple fusion" polypeptide of fHbp variants, with v2-v3-vl from N- to C-terminus. This fusion 

10 polypeptide has the amino acid sequence SEQ ID NO: 10. In addition, the OMV component was 
removed. The two vaccines were compared in mice immunised at days 0, 21 and 35, with sera being 
assessed at days 34 and 49 against a panel of 15 serogroup B strains in various clonal complexes, 
MLST, and ET classifications. Antigens were administered at 20ug/dose, using the adjuvant at 
3mg/ml. 

15 The proportion of strains with SBA titers above various thresholds were as follows: 

Threshold Original vaccine Modified vaccine 
> 128 100% 100% 
> 1024 93 % 80% 
>4096 53 % 60% 

Use of the v2-v3-vl fusion polypeptide can thus provide cover against a higher proportion of the 
panel (60% v.v. 53%) at a high anti-MenB SBA titer (>4096). 

Example 4: 4-fold reduction of OMV dosage 
The BEXSERO™ product was modified by replacing the NMB2091-fHbp fusion polypeptide with 

20 the "triple fusion" fHbp v2-v3-vl polypeptide (SEQ ID NO: 10) but also by either (i) reducing the 
OMV dosage 4-fold to 12.5ug/ml or (ii) removing the OMV component. Thus three compositions 
were prepared: 

Group Protein immunogens OMVs 
M NMB2091-fHbp NHB A-NMB1030 NadA 50jug/ml 
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c fHbp-v2-v3-vl NHB A-NMB1030 NadA 12.5jug/ml 
s fHbp-v2-v3-vl NHB A-NMB1030 NadA -

To assess immunogenicity of these three vaccines human subjects received three doses at monthly 
intervals (months 0,1,2). Sera were taken at months 0, 1, 2 and 3, and then 6 months after the third 
dose (month 8), for assessment against a panel of relevant strains. Titers (GMT) were as follows: 

M C S 
Strain H44/76 
Time zero 1.36 2.16 1.55 
1 month 30 52 15 
2 months 97 91 48 
3 months 102 99 59 
8 months 25 33 12 
Strain 5/99 
Time zero 2.47 3.01 2.17 
1 month 70 75 56 
2 months 173 140 157 
3 months 237 236 365 
8 months 77 83 106 
Strain NZ98/254 
Time zero 1.21 2.04 1.73 
1 month 9.45 29 3.19 
2 months 13 12 4.4 
3 months 16 24 6.49 
8 months 3.55 8.02 3.55 
Strain Ml4459 
Time zero 1.86 2.48 2.16 
2 months 30 24 16 
3 months 34 31 19 
Strain UK364 
Time zero 1.35 1.97 2.07 
2 months 37 72 70 
3 months 56 113 112 

5 Pooled patient sera were used to assess coverage of a panel of 7 MenB strains which express a vl 
fHbp. A similar number of strains was adequately covered in each group, but titers (GMT) were 
highest in group C: 

M c s 
Time zero <10 <10 <10 
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3 months 70 140 40 
8 months 15 50 10 

Single patient sera were tested against a panel of 6 MenB strains which express a v2 or v3 fHbp (one 
strain was tested twice). Again, titers (GMT) were highest in group C: 

M C S 
Strain M14549 (v2) 
Time zero 1.4 1.5 1.1 
2 months 3.8 15.0 6.2 
3 months 3.6 21.4 6.6 
Strain Ml2566 (v2) 
Time zero 6.0 10.7 14.8 
2 months 40.4 80.0 60.1 
3 months 47.1 94.8 69.7 
Strain UK355 (v3) 
Time zero 2.7 4.0 5.0 
2 months 22.1 43.7 38/4 
3 months 21.3 55.0 41.7 
Strain Ml239 (v3) 
Time zero 2.3 3.0 2.1 
2 months 5.0 15.7 5.9 
3 months 5.7 21.9 5.9 
Strain Ml239 (v3) 
Time zero 1.2 1.6 1.1 
2 months 5.9 18.4 2.8 
8 months 1.9 4.1 1.6 
Strain UK293 (v2) 
Time zero 1.6 2.7 2.2 
2 months 9.2 52.0 7.0 
8 months 4.3 11.7 5.9 
Strain UK414 (v2) 
Time zero 1.4 2.1 1.6 
2 months 5.1 22.6 8.3 
8 months 3.1 10.9 6.3 

Furthermore, the proportion of immunised subjects with a SBA titer above 1:8 was generally higher 
5 in group C compared to groups M and S e.g. 80% or more for strain M1239 after 3 doses compared 

to 50% or less in the other two groups. 
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RCD curves (reverse cumulative distribution) of SBA titers also showed a better profile e.g. Figure 1 
shows a curve for 3 month sera against strain UK293, with group C being clearly above the others. 

Pooled patient sera were used to assess coverage of a panel of 26 MenB strains which express a v2 or 
v3 fHbp. Again, titers (GMT) were highest in group C: 

M C S 
3 months 23 91 25 
8 months 7 43 9 

These data thus show that vaccine 'C', in which the fHbp immunogen has been replaced and the 
OMV dosage was reduced 4-fold, is not inferior to the BEXSERO™ vaccine. Indeed, single-subject 
and pooled sera both show better seroresponse rates, higher GMTs, and increased strain coverage for 
vaccine 'C' when compared to the BEXSERO™ vaccine. 

10 Example 5: Antibody avidity 
Avidity of antibodies from patients in groups 'C' and 'S' was compared using a Gyrolab-based 
system which includes a wash step using a chaotropic agent to detach low affinity antibodies from 
antigen, giving in 'Avidity Index' as the percentage of high affinity anti-vl.fHbp antibodies out of 
total vl.fHbp-specific antibodies. Twenty separate sera were assessed 1 month after the first dose and 

15 1 month after the third dose. In addition, SBA titres were assessed against strain H44/76, and 
correlations between avidity index and SBA titre (log2) were determined. 

Results (R and p by Pearson correlation) were as follows: 

1 month post-1 1 month post-3 
R P R P 

C 0.693 0.001 0.4667 0.0381 
s 0.3565 0.1229 0.101 0.6718 

Thus there was a significant correlation between SBA titre and avidity index in group 'C' at both 
20 time points, but not in group 'S'. In subjects who received the vaccine with 12.5ug/ml OMV the 

Avidity Index correlates with the SBA titres, which suggests that the presence of OMV has a positive 
impact on the quality of the induced antibodies. Overall, in subjects who received OMV the trend is 
that the bactericidal titers are higher and they correlate with the avidity of the antibodies induced by 
the vaccine formulation. 

25 A subpanel of var2/3 strains was selected for single subject sera testing on the basis of following 
criteria: (i) Strains not covered by Bexsero in previous clinical trials, (ii) Strains belong to relevant 
clonal complexes, (iii) Strains express epidemiologically relevant fHbp subvariants, (iv) Level of 
fHbp expression is medium, (v) Strains are specifically killed by 741-231 (competitive hSBA). 
Results are shown in Figures 3(a) to 3(g) demonstrating that 741-23 l+l/40MV+alum elicits higher 

30 GMT against the 7 strains tested. Thus, hSBA testing indicates that formulations including 741-231 
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fusion are not inferior to Bexsero. In fact, both single subject sera and pooled sera analysis on var2/3 
strains show better seroresponse rates, higher GMT titers and increased strain coverage for 
formulation including 741-23 l+l/40MV+alum. 

Example 6: reduction of OMV dosage and use of 731 'S' and 731 'SNB' 

5 The BEXSERO™ product was modified by replacing the NMB2091 -fHbp fusion polypeptide with 
the "triple fusion" stabilised or stabilised non-binding fHbp v2-v3-vl polypeptides (SEQ ID N0s:40 
and 38 respectively) but also by reducing the OMV dosage to 1 Oug/ml or 2.5ug/ml: 

Group Protein immunogens OMVs 
1 NMB2091-fHbp NHB A-NMB 1030 NadA lOjug/ml 
2 fHbp-v2-v3-vl SNB NHB A-NMB 1030 NadA 2.5jug/ml 
3 fHbp-v2-v3-vl S NHB A-NMB 1030 NadA 2.5jug/ml 

To prepare mice antisera, 20 jug of NadA, NHBA-NMB1030 and either NMB2091-fHbp, fHbp 231S 
10 or fHbp 231 SNB with 10 jug or 2.5 ug of OMV derived from strain NZ98/254 were used to 

immunize 6-week-old CD1 female mice (Charles River). Eight mice per group were used. The 
antigens were administered intraperitoneally together with aluminium hydroxide (3 mg/ml) on days 
0, 21 and 35.Sera were collected 2 weeks after the final bleed and heat-inactivated for 30 min at 
56°C before testing. 

15 Serum bactericidal assay with animal sera and human complement 

Serum bactericidal activity against Nm strains was evaluated as previously described . Human serum 
or plasma from a healthy adult (with no intrinsic bactericidal activity when tested at a final 
concentration of 25 or 50%) was used as a complement source. Serum bactericidal titers were 
defined as the serum dilution resulting in 50%) decrease in colony forming units (CFU) per ml after 

20 60 min incubation of bacteria with reaction mixture, compared to control CFU per ml at time 0. 

The lowest dilution tested for each sera was 1:16 (limit of detection). Titers below the limit of 
detection were set to half that limit for the purposes of analysis and positive threshold was defined as 
a 4 fold rise compared to this value (i.e 32). Pooled serum derived from mice immunized with 
Bexsero formulation were under the positive threshold for 14 strains among the 34 strain tested, 

25 while pooled sera derived from 2nd generation formulation were under the limit of detection for only 
1 strain in case of vaccine formulation containing fHbp 231 SNB and for 1 strains in case of 
formulation containin fHbp 23IS. 

hSBA data reported in the below table showed an increase of coverage elicited by the vaccine 
formulations containing fHbp 23IS or fHbp 231 SNB compare to Bexsero in the panel of 34 strains 

30 tested: 
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MenB strains hSBA results with different formulations 

ID 
fHbp 

subva riant Bexsero 
741-231 SNB + 
961c + 287-953 

+ % OMV 

741-231 S + 
961c + 287-

953 + % 
OMV 

Bexsero 
reference 

strains 

NVD000007 2,23 >8192 ,-8192 >8192 

Bexsero 
reference 

strains 

NVD000005 2,16 2048 4096 2048 

Bexsero 
reference 

strains 

NVD000023 3,31 4096 4096 8192 
Bexsero 

reference 
strains 

NVD002240 2,553 32 512 128 
Bexsero 

reference 
strains 

NVD000025 1,1 >8192 >8192 >8192 

Bexsero 
reference 

strains 

NVD001491 1,180 1024 1024 512 

Bexsero 
reference 

strains 

NVD000049 1,14 4096 4096 2048 

MenB strains 
carrying varl 

fHbp 

NVD001706 1,1 4096 4096 4096 

MenB strains 
carrying varl 

fHbp 

NVD001889 1,4 1024 2048 2048 

MenB strains 
carrying varl 

fHbp 

NVD001402 1,4 512 1024 1024 

MenB strains 
carrying varl 

fHbp 

NVD001908 1,13 512 1024 1024 
MenB strains 
carrying varl 

fHbp 
NVD001244 1,14 2048 2048 2048 

MenB strains 
carrying varl 

fHbp 
NVD003213 1,15 2048 1024 2048 

MenB strains 
carrying varl 

fHbp 

NVD001080 1,15 512 512 512 

MenB strains 
carrying varl 

fHbp 

NVD000185 1,15 512 512 512 

MenB strains 
carrying varl 

fHbp 

NVD000758 1,256 <16; 64 j,<i&; • 

MenB strains 
carrying var2 

fHbp 

NVD002368 2,16 64 1024 512 

MenB strains 
carrying var2 

fHbp 

NVD002500 2,16 <16 • • 512 512 

MenB strains 
carrying var2 

fHbp 

NVD000926 2,16 8192 --S192 4096 

MenB strains 
carrying var2 

fHbp 

NVD002552 2,19 : i6 . 512 1024 
MenB strains 
carrying var2 

fHbp 
NVD001277 2,19 <16 1024 2048 

MenB strains 
carrying var2 

fHbp 
NVD001057 2,19 32 1024 512 

MenB strains 
carrying var2 

fHbp 

NVD001342 2,19 64 2048 1024 

MenB strains 
carrying var2 

fHbp 

NVD001391 2,19 <16 .. 512 512 

MenB strains 
carrying var2 

fHbp 

NVD001288 2,21 •: <16 512 512 
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NVD002690 2,24 <i6 256 256 

NVD001287 2,24 16 " 128 256 

NVD000038 3,28 <16 64 64 

NVD000084 3,30 . <16 \' 1024 2048 

MenB strains 
carrying var3 

fHbp 

NVD003212 3,31 <16 512 256 MenB strains 
carrying var3 

fHbp NVD003364 3,42 <16 2048 2048 

NVD002424 3,42 . <16 \ 1024 1024 

NVD003727 3,42 <16 <16 <16 : 

It will be understood that the invention is described above by way of example only and modifications 
may be made whilst remaining within the scope and spirit of the invention. 
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SEQUENCE LISTING 

>SEQ ID NO: 1 [MCS8, vl] 
MNRTAFCCLSLTTALILTACSSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEH 
SGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPE 
LNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 
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>SEQ ID NO: 2 [2996, v2] 
MNRTAFCCLSLTAALILTACSSGGGGVAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDK 
IDSLINQRSFLVSGLGGEHTAFNQLPDGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQ 
NVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 3 [M1239, v3] 
MNRTAFCCLSLTTALILTACSSGGGGSGGGGVAADIGTGLADALTAPLDHKDKGLKSLTLEDSIPQNGT 
LTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEFQIYKQNHSAVVALQI 
EKINNPDKTDSLINQRSFLVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRLHYSIDFTKKQGYGRI 
EHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIG 
IAGKQ 

>SEQ ID NO: 4 [MC58, vl, mature] 
CSSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLK 
NDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEHSGKMVAKRQFRIGDIAGEH 
TSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPELNVDLAAADIKPDGKRHAV 
ISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 

>SEQ ID NO: 5 [2996 mature] 
CSSGGGGVAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLK 
NDKVSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFLVSGLGGEH 
TAFNQLPDGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVI 
LGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 6 [M1239, mature] 
CSSGGGGSGGGGVAADIGTGLADALTAPLDHKDKGLKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDN 
SLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEFQIYKQNHSAWALQIEKINNPDKTDSLINQRSFL 
VSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRLHYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKA 
DEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 7 [MC58, A G] 
VAADIGAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRF 
DFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEHSGKMVAKRQFRIGDIAGEHTSFDKLP 
EGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPELNVDLAAADIKPDGKRHAVISGSVLY 
NQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 

>SEQ ID NO: 8 [2996 A G] 
VAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRF 
DFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFLVSGLGGEHTAFNQLP 
DGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILGDTRYG 
SEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 9 [Ml239, A G] 
VAADIGTGLADALTAPLDHKDKGLKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKI 
SRFDFVQKIEVDGQTITLASGEFQIYKQNHSAWALQIEKINNPDKTDSLINQRSFLVSGLGGEHTAFN 
QLPGGKAEYHGKAFSSDDPNGRLHYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDT 
RYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 10 [fHbp fusion polypeptide] 
MGPDSDRLQQRRVAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLN 
TGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFLVSG 
LGGEHTAFNQLPDGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEK 
SHAVILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGPDSDRLQQRRVAAD 
IGTGLADALTAPLDHKDKGLKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFD 
FVQKIEVDGQTITLASGEFQIYKQNHSAWALQIEKINNPDKTDSLINQRSFLVSGLGGEHTAFNQLPG 
GKAEYHGKAFSSDDPNGRLHYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGS 
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EEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGL 
QSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYK 
QSHSALTAFQTEQIQDSEHSGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYT 
IDFAAKQGNGKIEHLKSPELNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSA 
EVKTVNGIRHIGLAAKQ 

>SEQ ID NO: 11 [NHBA, MC58] 
MFKRSVIAMACIFALSACGGGGGGSPDVKSADTLSKPAAPWSEKETEAKEDAPQAGSQGQGAPSAQGS 
QDMAAVSEENTGNGGAVTADNPKNEDEVAQNDMPQNAAGTDSSTPNHTPDPNMLAGNMENQATDAGESS 
QPANQPDMANAADGMQGDDPSAGGQNAGNTAAQGANQAGNNQAAGSSDPIPASNPAPANGGSNFGRVDL 
ANGVLIDGPSQNITLTHCKGDSCSGNNFLDEEVQLKSEFEKLSDADKISNYKKDGKNDKFVGLVADSVQ 
MKGINQYIIFYKPKPTSFARFRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNY 
RYLTYGAEKLPGGSYALRVQGEPAKGEMLAGAAVYNGEVLHFHTENGRPYPTRGRFAAKVDFGSKSVDG 
IIDSGDDLHMGTQKFKAAIDGNGFKGTWTENGSGDVSGKFYGPAGEEVAGKYSYRPTDAEKGGFGVFAG 
KKEQD 

>SEQ ID NO: 12 [NHBA fragment] 
SPDVKSADTLSKPAAPWSEKETEAKEDAPQAGSQGQGAPSAQGSQDMAAVSEENTGNGGAVTADNPKN 
EDEVAQNDMPQNAAGTDSSTPNHTPDPNMLAGNMENQATDAGESSQPANQPDMANAADGMQGDDPSAGG 
QNAGNTAAQGANQAGNNQAAGSSDPIPASNPAPANGGSNFGRVDLANGVLIDGPSQNITLTHCKGDSCS 
GNNFLDEEVQLKSEFEKLSDADKISNYKKDGKNDKFVGLVADSVQMKGINQYIIFYKPKPTSFARFRRS 
ARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLPGGSYALRVQGEPA 
KGEMLAGAAVYNGEVLHFHTENGRPYPTRGRFAAKVDFGSKSVDGIIDSGDDLHMGTQKFKAAIDGNGF 
KGTWTENGSGDVSGKFYGPAGEEVAGKYSYRPTDAEKGGFGVFAGKKEQD 

>SEQ ID NO: 13 [NHBA mature] 
CGGGGGGSPDVKSADTLSKPAAPVVSEKETEAKEDAPQAGSQGQGAPSAQGSQDMAAVSEENTGNGGAV 
TADNPKNEDEVAQNDMPQNAAGTDSSTPNHTPDPNMLAGNMENQATDAGESSQPANQPDMANAADGMQG 
DDPSAGGQNAGNTAAQGANQAGNNQAAGSSDPIPASNPAPANGGSNFGRVDLANGVLIDGPSQNITLTH 
CKGDSCSGNNFLDEEVQLKSEFEKLSDADKISNYKKDGKNDKFVGLVADSVQMKGINQYIIFYKPKPTS 
FARFRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLPGGSYAL 
RVQGEPAKGEMLAGAAVYNGEVLHFHTENGRPYPTRGRFAAKVDFGSKSVDGIIDSGDDLHMGTQKFKA 
AIDGNGFKGTWTENGSGDVSGKFYGPAGEEVAGKYSYRPTDAEKGGFGVFAGKKEQD 

>SEQ ID NO: 14 [NMB1030, MC58] 
MKKIIFAALAAAAISTASAATYKVDEYHANARFAIDHFNTSTNVGGFYGLTGSVEFDQAKRDGKIDITI 
PIANLQSGSQHFTDHLKSADIFDAAQYPDIRFVSTKFNFNGKKLVSVDGNLTMHGKTAPVKLKAEKFNC 
YQSPMEKTEVCGGDFSTTIDRTKWGMDYLVNVGMTKSVRIDIQIEAAKQ 

>SEQ ID NO: 15 [NMB1030fragment] 
ATYKVDEYHANARFAIDHFNTSTNVGGFYGLTGSVEFDQAKRDGKIDITIPIANLQSGSQHFTDHLKSA 
DIFDAAQYPDIRFVSTKFNFNGKKLVSVDGNLTMHGKTAPVKLKAEKFNCYQSPMEKTEVCGGDFSTTI 
DRTKWGMDYLVNVGMTKSVRIDIQIEAAKQ 

>SEQ ID NO: 16 [NHBA fusion] 
MASPDVKSADTLSKPAAPWSEKETEAKEDAPQAGSQGQGAPSAQGGQDMAAVSEENTGNGGAAATDKP 
KNEDEGAQNDMPQNAADTDSLTPNHTPASNMPAGNMENQAPDAGESEQPANQPDMANTADGMQGDDPSA 
GGENAGNTAAQGTNQAENNQTAGSQNPASSTNPSATNSGGDFGRTNVGNSWIDGPSQNITLTHCKGDS 
CSGNNFLDEEVQLKSEFEKLSDADKISNYKKDGKNDGKNDKFVGLVADSVQMKGINQYIIFYKPKPTSF 
ARFRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLPGGSYALR 
VQGEPSKGEMLAGTAVYNGEVLHFHTENGRPSPSRGRFAAKVDFGSKSVDGIIDSGDGLHMGTQKFKAA 
IDGNGFKGTWTENGGGDVSGKFYGPAGEEVAGKYSYRPTDAEKGGFGVFAGKKEQDGSGGGGATYKVDE 
YHANARFAIDHFNTSTNVGGFYGLTGSVEFDQAKRDGKIDITIPVANLQSGSQHFTDHLKSADIFDAAQ 
YPDIRFVSTKFNFNGKKLVSVDGNLTMHGKTAPVKLKAEKFNCYQSPMAKTEVCGGDFSTTIDRTKWGV 
DYLVNVGMTKSVRIDIQIEAAKQ 
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>SEQ ID NO: 17 [NadA, MC58] 
MSMKHFPSKVLTTAILATFCSGALAATSDDDVKKAATVAIVAAYNNGQEINGFKAGETIYDIGEDGTIT 
QKDATAADVEADDFKGLGLKKVVTNLTKTVNENKQNVDAKVKAAESEIEKLTTKLADTDAALADTDAAL 
DETTNALNKLGENITTFAEETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDETNTKADEAVKTANE 
AKQTAEETKQNVDAKVKAAETAAGKAEAAAGTANTAADKAEAVAAKVTDIKADIATNKADIAKNSARID 
SLDKNVANLRKETRQGLAEQAALSGLFQPYNVGRFNVTAAVGGYKSESAVAIGTGFRFTENFAAKAGVA 
VGTSSGSSAAYHVGVNYEW 

>SEQ ID NO: 18 [NadA] 
LAATSDDDVKKAATVAIVAAYNNGQEINGFKAGETIYDIGEDGTITQKDATAADVEADDFKGLGLKKVV 
TNLTKTVNENKQNVDAKVKAAESEIEKLTTKLADTDAALADTDAALDETTNALNKLGENITTFAEETKT 
NIVKIDEKLEAVADTVDKHAEAFNDIADSLDETNTKADEAVKTANEAKQTAEETKQNVDAKVKAAETAA 
GKAEAAAGTANTAADKAEAVAAKVTDIKADIATNKADIAKNSARIDSLDKNVANLRKETRQGLAEQAAL 
SGLFQPYNVGRFNVTAAVGGYKSESAVAIGTGFRFTENFAAKAGVAVGTSSGSSAAYHVGVNYEW 

>SEQ ID NO: 19 [NadA fragment] 
ATNDDDVKKAATVAIAAAYNNGQEINGFKAGETIYDIDEDGTITKKDATAADVEADDFKGLGLKKVVTN 
LTKTVNENKQNVDAKVKAAESEIEKLTTKLADTDAALADTDAALDATTNALNKLGENITTFAEETKTNI 
VKIDEKLEAVADTVDKHAEAFNDIADSLDETNTKADEAVKTANEAKQTAEETKQNVDAKVKAAETAAGK 
AEAAAGTANTAADKAEAVAAKVTDIKADIATNKDNIAKKANSADVYTREESDSKFVRIDGLNATTEKLD 
TRLASAEKSIADHDTRLNGLDKTVSDLRKETRQGLAEQAALSGLFQPYNVG 

>SEQ ID NO: 20 [NMB2091, MC58] 
MKPKPHTVRTLIAAIFSLALSGCVSAVIGSAAVGAKSAVDRRTTGAQTDDNVMALRIETTARSYLRQNN 
QTKGYTPQISWGYNRHLLLLGQVATEGEKQFVGQIARSEQAAEGVYNYITVASLPRTAGDIAGDTWNT 
SKVRATLLGISPATQARVKIVTYGNVTYVMGILTPEEQAQITQKVSTTVGVQKVITLYQNYVQR 

>SEQ ID NO: 21 [NMB2091] 
SAVIGSAAVGAKSAVDRRTTGAQTDDNVMALRIETTARSYLRQNNQTKGYTPQISVVGYDRHLLLLGQV 
ATEGEKQFVGQIARSEQAAEGVYNYITVASLPRTAGDIAGDTWNTSKVRATLLGISPATRARVKIVTYG 
NVTYVMGILTPEEQAQITQKVSTTVGVQKVITLYQNYVQR 

>SEQ ID NO: 22 [linker] 
GSGGGG 

>SEQ ID NO: 23 [linker] 
GPDSDRLQQRR 

>SEQ ID NO: 24 [linker] 
GSGPDSDRLQQRR 

>SEQ ID NO: 25 [linker] 
GKGPDSDRLQQRR 

>SEQ ID NO: 26 [N-terminal sequence] 
MGPDSDRLQQRR 

>SEQ ID NO: 27 [N-terminal sequence] 
MAS 

>SEQ ID NO: 28 [linker] 
LEHHHHHH 

>SEQ ID NO: 29 [fHbp fusion polypeptide] 
MGPDSDRLQQRRVAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLN 
TGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFLVSG 
LGGEHTAFNQLPDGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEK 
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SHAVILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGTGLAD 
ALTAPLDHKDKGLKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEV 
DGQTITLASGEFQIYKQNHSAVVALQIEKINNPDKTDSLINQRSFLVSGLGGEHTAFNQLPGGKAEYHG 
KAFSSDDPNGRLHYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYH 
LALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQ 
SVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALT 
AFQTEQIQDSEHSGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQ 
GNGKIEHLKSPELNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNG 
IRHIGLAAKQ 

>SEQ ID NO: 30 [fHbp fusion polypeptide] 
VAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRF 
DFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFLVSGLGGEHTAFNQLP 
DGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILGDTRYG 
SEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGTGLADALTAPLDHKDKG 
LKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEF 
QIYKQNHSAVVALQIEKINNPDKTDSLINQRSFLVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRL 
HYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIA 
GSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEH 
SGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPE 
LNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 

>SEQID NO: 31 [fHbp fusion polypeptide, fH binding disrupted] 
Where X at residue 240 is any amino acid other than E, X at residue 496 is any amino acid other than 
E, and X at residue 543 is any amino acid other than R. 

VAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRF 
DFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFLVSGLGGEHTAFNQLP 
DGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILGDTRYG 
SEEKGTYHLALFGDRAQEIAGSATVKIGEKVHXIGIAGKQGSGGGGVAADIGTGLADALTAPLDHKDKG 
LKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEF 
QIYKQNHSAVVALQIEKINNPDKTDSLINQRSFLVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRL 
HYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIA 
GSATVKIGEKVHXIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVXKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEH 
SGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPE 
LNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 

>SEQID NO: 32 [fHbp fusion polypeptide, fH binding disrupted] 
VAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRF 
DFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFLVSGLGGEHTAFNQLP 
DGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILGDTRYG 
SEEKGTYHLALFGDRAQEIAGSATVKIGEKVHAIGIAGKQGSGGGGVAADIGTGLADALTAPLDHKDKG 
LKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEF 
QIYKQNHSAVVALQIEKINNPDKTDSLINQRSFLVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRL 
HYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIA 
GSATVKIGEKVHAIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVSKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEH 
SGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPE 
LNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 

>SEQ ID NO: 33 [fHbp fusion polypeptide, stabilised] 
Where X at residue 32 is any amino acid other than S, X at residue 123 is any amino acid other than 
L, X at residue 285 is any amino acid other than S, and X at residue 379 is any amino acid other than 
L. 
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VAADIGAGLADALTAPLDHKDKSLQSLTLDQXVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRF 
DFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFXVSGLGGEHTAFNQLP 
DGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILGDTRYG 
SEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGTGLADALTAPLDHKDKG 
LKSLTLEDXIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEF 
QIYKQNHSAVVALQIEKINNPDKTDSLINQRSFXVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRL 
HYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIA 
GSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEH 
SGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPE 
LNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 

>SEQ ID NO: 34 [fHbp fusion polypeptide, stabilised] 
VAADIGAGLADALTAPLDHKDKSLQSLTLDQVVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRF 
DFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFRVSGLGGEHTAFNQLP 
DGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILGDTRYG 
SEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGTGLADALTAPLDHKDKG 
LKSLTLEDVIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEF 
QIYKQNHSAVVALQIEKINNPDKTDSLINQRSFRVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRL 
HYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIA 
GSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEH 
SGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPE 
LNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 

>SEQID NO: 35 [fHbp fusion polypeptide, stabilised & R41] 
Where X at residue 32 is any amino acid other thanS , X at residue 123 is any amino acid other than 
L, X at residue 285 is any amino acid other than S, X at residue 379 is any amino acid other than L, 
and X at residue 543 is any amino acid other than R. 

VAADIGAGLADALTAPLDHKDKSLQSLTLDQXVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRF 
DFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFXVSGLGGEHTAFNQLP 
DGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILGDTRYG 
SEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGTGLADALTAPLDHKDKG 
LKSLTLEDXIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEF 
QIYKQNHSAVVALQIEKINNPDKTDSLINQRSFXVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRL 
HYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIA 
GSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVXKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEH 
SGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPE 
LNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 

>SEQ ID NO: 36 [fHbp fusion polypeptide, stabilised & R41S] 
VAADIGAGLADALTAPLDHKDKSLQSLTLDQVVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRF 
DFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFRVSGLGGEHTAFNQLP 
DGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILGDTRYG 
SEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGTGLADALTAPLDHKDKG 
LKSLTLEDVIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEF 
QIYKQNHSAVVALQIEKINNPDKTDSLINQRSFRVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRL 
HYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIA 
GSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVSKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEH 
SGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPE 
LNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 

>SEQ ID NO: 37 [fHbp fusion polypeptide, stabilised, fH binding 
disrupted, & 
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R41]VAADIGAGLADALTAPLDHKDKSLQSLTLDQVVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDK 
VSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFRVSGLGGEHTAF 
NQLPDGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILGD 
TRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHAIGIAGKQGSGGGGVAADIGTGLADALTAPLDH 
KDKGLKSLTLEDVIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLA 
SGEFQIYKQNHSAVVALQIEKINNPDKTDSLINQRSFRVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDP 
NGRLHYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRA 
QEIAGSATVKIGEKVHAIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVSKNEKL 
KLAAQGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQ 
DSEHSGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHL 
KSPELNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAA 
KQ 

>SEQ ID NO: 38 [fHbp fusion polypeptide, stabilised, fH binding 
disrupted, & 
R41]MGPDSDRLQQRRVAADIGAGLADALTAPLDHKDKSLQSLTLDQVVRKNEKLKLAAQGAEKTYGNG 
DSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSF 
RVSGLGGEHTAFNQLPDGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELK 
ADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHAIGIAGKQGSGGGGVAADIGT 
GLADALTAPLDHKDKGLKSLTLEDVIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQ 
KIEVDGQTITLASGEFQIYKQNHSAVVALQIEKINNPDKTDSLINQRSFRVSGLGGEHTAFNQLPGGKA 
EYHGKAFSSDDPNGRLHYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEK 
GTYHLALFGDRAQEIAGSATVKIGEKVHAlGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSL 
TLDQSVSKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSH 
SALTAFQTEQIQDSEHSGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDF 
AAKQGNGKIEHLKSPELNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVK 
TVNGIRHIGLAAKQ 

>SEQ ID NO: 39 [fHbp fusion polypeptide, stabilised] 
Where X at residue 123 is any amino acid other than L and X at residue 379 is any amino acid other 
than L. 

VAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRF 
DFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFXVSGLGGEHTAFNQLP 
DGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILGDTRYG 
SEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGTGLADALTAPLDHKDKG 
LKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEF 
QIYKQNHSAVVALQIEKINNPDKTDSLINQRSFXVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRL 
HYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIA 
GSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEH 
SGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPE 
LNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 

>SEQ ID NO: 40 [fHbp fusion polypeptide, stabilised] 
VAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRF 
DFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFRVSGLGGEHTAFNQLP 
DGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILGDTRYG 
SEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGTGLADALTAPLDHKDKG 
LKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITLASGEF 
QIYKQNHSAVVALQIEKINNPDKTDSLINQRSFRVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGRL 
HYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIA 
GSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQIQDSEH 
SGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEHLKSPE 
LNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAAKQ 
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>SEQ ID NO: 41 [fHbp fusion polypeptide, stabilised, 
R4IS]VAADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKND 
KVSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFRVSGLGGEHTA 
FNQLPDGKAEYHGKAFSSDDAGGKLTYTIDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVILG 
DTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGTGLADALTAPLD 
HKDKGLKSLTLEDSIPQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKISRFDFVQKIEVDGQTITL 
AS GEFQ IYKQNHSAWALQIEKINNPDKT DSL INQRSFRVSGLGGEHT AFNQLPGGKAEYHGKAFSSDD 
PNGRLHYSIDFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDR 
AQEIAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVSKNEK 
LKLAAQGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQVYKQSHSALTAFQTEQI 
QDSEHSGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDFAAKQGNGKIEH 
LKSPELNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLA 
AKQ 
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CLAIMS 

1. An immunogenic composition comprising a fusion polypeptide comprising all three of vl, v2 
and v3 meningococcal fHbp, in combination with one or more of (i) a NHBA polypeptide (ii) a 
NadA polypeptide and/or (iii) meningococcal outer membrane vesicles. 

5 2. An immunogenic composition comprising meningococcal outer membrane vesicles in 
combination with one or more of (i) a NHBA polypeptide (ii) a NadA polypeptide and/or (iii) a 
fusion polypeptide comprising all three of vl, v2 and v3 meningococcal fHbp; wherein the outer 
membrane vesicles (OMVs) are present at a concentration between 5-30ug/ml. 

3. The composition of claim 1 or claim 2, comprising a (i) a fusion polypeptide comprising all three 
10 of vl, v2 and v3 meningococcal fHbp, (ii) a NHBA polypeptide (iii) a NadA polypeptide and 

(iv) meningococcal outer membrane vesicles. 

4. The composition of any preceding claim, wherein: 

• the fusion polypeptide includes at least one epitope from each of SEQ ID NOs: 7, 8, and 9 
and, after administration to a mouse, can elicit antibodies which can recognise all three of (a) 

15 a polypeptide consisting of SEQ ID NO: 4 (b) a polypeptide consisting of SEQ ID NO: 5 (c) 
a polypeptide consisting of SEQ ID NO: 6; 

• the NHBA polypeptide can elicit antibodies which, after administration to a mouse, can bind 
to a polypeptide consisting of amino acid sequence SEQ ID NO: 13; 

and/or 

20 • the NadA polypeptide can elicit antibodies which, after administration to a mouse, can bind 
to a polypeptide consisting of amino acid sequence SEQ ID NO: 18. 

5. The composition of any preceding claim, wherein the fHbp fusion polypeptide has an amino acid 
sequence of formula NH2—A-[-X-L ]3-B—COOH, wherein each X is a different variant fHbp 
sequence, L is an optional linker amino acid sequence, A is an optional N terminal amino acid 

25 sequence, and B is an optional C terminal amino acid sequence. 

6. The composition of claim 5, wherein the variant fHbp sequences are in the order v2-v3-vl from 
N- to C-terminus. 

7. The composition of claim 6, wherein the fusion polypeptide comprises an amino acid sequence 
selected from the group consisting of SEQ ID NOs: 10, 29, 30, 31, 32, 33, 34, 35, 36, 37, and 38. 

30 8. The composition of any preceding claim, wherein: (a) the fHbp fusion polypeptide has amino 
acid sequence SEQ ID NO: 10, SEQ ID NO: 36, or SEQ ID NO: 38; (b) the NHBA polypeptide 
comprises amino acid sequence SEQ ID NO: 12; and (c) the NadA polypeptide has amino acid 
sequence SEQ ID NO: 19. 

9. The composition of any preceding claim, wherein the OMVs are from a serogroup B strain. 

35 10. The composition of claim 9, wherein the OMVs are prepared from strain NZ98/254. 
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11. The composition of any preceding claim, wherein the OMVs are present at a concentration 
between lOug/ml and 15ug/ml. 

12. The composition of any preceding claim, wherein fHbp, NHBA and NadA polypeptides are 
present at a concentration between 50-150ug/ml. 

5 13. The composition of any preceding claim, further comprising an aluminium hydroxide adjuvant. 

14. A method for protecting a mammal against a meningococcal infection, comprising administering 
an immunogenic composition of any preceding claim to the mammal. 

15. A method according to claim 14 wherein said mammal is a human. 
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