2 9. A nmet hod of i mmuni sing a subject against infection by H

I nfl uenzae, which conprises adm nistering to the subject a vaccine
formul ati on as defined in any one of claims 1to 7. 5  10. A
met hod for the prophylaxis or treatnent of respiratory tract infections or
otitis media mﬂﬁ?ﬂ rises the step of administering to a stER/EBL6/03S49
vacci ne formul ation as defined in any one of clains 1 to 7.

11.. The use of a protein as defined in any one of clainms 1 to 7 in the

di agnosi s of 10 H. influenzae infection. 1 12. A kit for use in

the di agnosis of H. influenzae infection conprising a protein as
defined in any one of clainms 1 to 7.

OMP26 ANTIGEN FROM HAEMOPHILUS INFLUENZAE

The present invention relates to a novel antigen of
Haemophilus influenzae, vaccines comprising it and its
5 use in therapy and diagnosis.

H. influenzae is a Gram-negative aerobic heterotrophic
bacteria with the form of rods (Krieg and Holt (ed),
Bergey’s Manual of Systemic Bacteriology, pp 563 (1984).

10 It is a pathogen in acute respiratory infections and is
also found in patients with chronic bronchitis and otitis
media.

We have now identified, and purified, a unique 26 kba

15 outer membrane prétein (called OMP26) from NTHI, and have
surprisingly found that this protein can, when used as an
immunogen, induce protective immune responses against
infection with homologous and heterologous strains. of
NTHi. This protein has a molecular mass on SDS-PAGE

20 similar to P5, but has been found to be distinctly
different from the protein.

The outer membrane protein P5 is one of two lower
molecular mass bands on SDS-PAGE gels used to subtype
25 H.influenzae strains, and has an apparent molecular mass
of 25-27 kDa. the P5 protein is heat-modifiable,
demonstrating an apparent mass of 35 kDa after heating
for 30 min at 100°C in the presence of f-mercaptoethanol.
Recently, . another protein expressed by NTHi, called a
30 fimbrin protein, has been characterised and shown to have
similar molecular mass properties, heat modifiability and
a 92% sequence homology to the previously described PS.
the protein, OMP26, does not demonstrate either sequence
homology or heat-modifiable characteristics as defined
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3 In addition, it is known in the art that "conservative" or
i ndeed "sem -conservative" changes can be nade to.the am no acid
sequence of a protein which-will not alter its fundanmental activity.

For exanple, ago¥ ds such as 5 gl yci ne, valine, Ieu0| ﬂ%?
I sol euci ne, which Ig have al i phatic side chains, l(;)kfelf 1549

substituted for each ot her without substantially alterlng t he

bi ol ogi cal activity of the protein. nﬁlarly, am.no aci ds such as
phenyl al ani ne, tyrosine and tryptophan, which“all have 10 aromati c side
chains, may be substituted for each ot her. Such proteins which retain
t he antigenic effect described herein are within the scope of the
present invention. for either P5 or the fimbrin protein.

Thus, in a first aspect, the present invention provides
a protein having a molecular weight of 26 kDa, as
5 determined by SDS-PAGE, which protein is an outer

membrane protein of H. influenzae. This protein is
designated OMP26. ’

In particular, the protein of the invention has the amino
10 acid sequence shown in figure 1, or one substantially
homologous thereto. In a separate embodiment, the protein
of the invention has the amino acid sequence shown in
figure 1 commencing from amino acid no. 24, or one
substantially homologous thereto. The first 23 amino
15 acids constitute a '"signal" sequence and it will be
appreciated that a protein minus this sequence will be
equally apllicable. The protein of the invention is an
immunogen and. is- thus capable of inducing an immune
response which will protect against infection with H.
20 influenzae.

In the context of the present invent proteins which are
"gsubstancially homologous* to OMP26 may be 40%, 50%, 60%,
70%, 80%, 90%, 95% or even 99% homologous. Preferably,

25 the protein will be at least 70% homologous, more
preferably 80% homologous, even more preferably 90%
homologous and most preferably 95% homologous. The
skilled man will appreciate that the percentage degree of
homology is one factor only. What is important is that

30 the protein retains its antigenic effect. Thus, it is
reasonable to have a protein having a relatively low
degree of homology, for instance 40%, while retaining the
antigenic activity discussed herein.



It is also possible that antigenic parts or regions of 15 OVP26 can be

enpl oyed to i nduce the protective effect agai nst H.influenzae. Such

antigenic parts or regions are al so within the scope of the present

i nventi on. In a second aspect, the present invention provides a 20
nucleic aci d wgQyeRse: Preferably DNA  which codes for a pepeeaipusi n of

the invention, variants thereof as described above or I ndeed

antigenic parts or regions. In particular, the invention provides a
DNA sequence as shown in figure 1 whigth codes for OW26. The skilled
man 25 wi || appreciate that due to the degeneracy of the genetic

code it is possible to nake conservative changes to the DNA sequence
which will not result in changes to the am no aci d sequence of the
protein. Thus, sucnCiddition, isedumeknesnair tHesarwu tthat "kensepwscinfert he

present 30 i nV@Pt:‘izﬁéeds“.?kggL?%%énwﬂigeacéﬂaﬂi%é B:i‘:aﬂ %\éeﬂ%jiﬁnt&%e

formpart of a vector such a . A scussed herein, the
proteins of the in¥BHQ §Fid sequengs of| & profeimwhich ekbbmes adeendits '

H. i nfl uenzae and fundamental activity. For example, amino acids such as
5 glycine, valine, leucine and isoleucine, which all have
aliphatic side chains, may often be substituted for each
other without substantially altering the biological
activity of the protein. Similarly, amino acids such as
phenylalanine, tyrosine and tryptophan, which all have
10 aromatic side chains, may be substituted for each other.
Such proteins which retain the antigenic effect described
herein are within the scope of the present invention.

It is also possible that antigenic parts or regions of

15 . OMP26 can be employed to induce the prc;tective effect
against H.influenzae. Such antigenic parts or regions are
also within the scope of the present invention.

In a second aspect, the present invention provides a
20 nucleic acid sequence, preferably DNA, which codes for a
protein of the invention, variants thereof as described
above or indeed antigenic parts or regions. In
particular, the invention provides a DNA sequence as
shown in figure 1 which codes for OMP26. The skilled man
25 will appreciate that due to the degeneracy of the genetic
code it is possible to make conservative changes to the
DNA sequence which will not result in changes to the
amino acid sequence of the protein. Thus, such DNA
sequences .are also within the scope of the present
30 . invention. Suitably, nucleic acid of the invention can
- form part of a vector such as a plasmid.

As discussed herein, the proteins of the invention
stimulate an immune response against H.influenzae and
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4 thus, in a third aspect, the present invention provides
a vaccine formulation conprising a protein of the i nvention, as
defined herein, optionally together with one or nore carriers and/or
adj uvants. 5 097016d8" 2 fourth aspect, the invention provi Qﬁilélﬂﬁow of
t he protern ot the invention, as defined herein, in the
preparation of a vaccine against H. influenzae.

) 4

thus, in a third aspect, the present invention provides
a vaccine formulation comprising a proteih of the
invention, as defined herein, optionally together with
one or more carriers and/or adjuvants.

5
In a fourth aspect, the invention provides the use of the
protein of the invention, as defined herein, in the
preparation of a vaccine against H.influenzae.

10 The vaccine composition of the invention can be used to

immunise a subject against H. influenzae infection.
Therefore, -the invention provides, in a fifth aspect, a
method of--immunising a subject against infection by H.
influenzae, which comprises administering to the subject

15 a vaccine composition of the invention. The vaccine
compositions of the invention can be used to produce both
systemic immunity and/or mucosal immunity.

In a sixth aspect, the present invention provides a

20 method for the prophylaxis or treatment of respiratory
tract infections or otitis media which comprises the step
of administering to a subject a vaccine composition of
the invention..

25 In other aspects the invention provides:

(a) The use of a protein of the invention, as defined
. herein, in the diagnosis of H. influenzae infection;and

30 {(b) A kit for use in the diagnosis of H. influenzae
infection comprising a protein of the invention, as

defined herein.

Preferred features of each aspect of the invention are



10 The vacci ne conposition of the invention can be used to
| mmuni se a subject against H influenzae infection. Therefore, the
i nvention provides, in a fifth aspect, a met hod of i nmunising a
subj ect against infection by H i nfl uenzae, which conprises
adm ni st eri ng wé otigsssubj ect 15 a vacci ne conposition wa‘ﬁpt i on.
The vacci ne conposi tions of the invention can be use ce
bot h system c i nmunity and/or nucosal inmunity. In a sixth
aspect, the present invention provides a 20 met hod for the prophyl axis
or treatnent of respiratory tract infettions or otitis nedia which
conprises the step of adm nistering to a subject a vaccine
conposition of t he inventi on. 25 I n ot her aspects the
i nvention provi des:equally prefédrdd@diS8adh ctHaOLShECOmitae 1N MeriAdy. as
defi red herein, in the diagnosis of H influenzae infection;and 30
(b) Akit for use in the diagnosis of H influenzae '

The invention will now be described with reference to the

following examples, which should not be construed as in
5 any way limiting the invention.

-

The examples refer to the figures in which:

FIGURE 1: shows the DNA sequence coding for
10 OMP26 and the amino acid sequence derived from
that DNA sequence;

FIGURE 2: 'shows . SDS-PAGE analysis of OMP26
and two other proteins with higher molecular
15 mass;

FIGURE 3: shows the N-terminal sequence of

the first 25 amino acids residues of OMP26 (a)

and also .a comparison of this with proteins
20 from P. multocida and Y. pseudotuberculosis;

FIGURE 4: shows NTHI-I bacteria recovered in

bronchial washings 4 hr post-challenge with
live bacteria;

25
FIGURE 5: shows OMP26-specific levels of IgG
subclasses in serum of rats immunised with OMP2§;
FIGURE &6: shows an Immunoblot for the

30 detection of OMP26-specific antibody in serum;
and

FIGURE 7: shows Antigen-specific proliferation of
lymphocytes isolated from the MLN of OMP26 immunised



I nfection conprising a protein of the invention, as defined herein

Preferred features of each aspect of the invention are WO 97/01638

PCT/ GB96/ 01549 5 equal l'y

preferred for each other aspect mutatis nutandis. The invention

W Il now be deggien with reference to the foll ow n 9

whi ch shoul d not be construed as in 5 any way limting the i1nvention.
6

10

15

20

25

30

and non-immune rats.

in the following example, the data have been expressed as
the means +/- standard errors of the means. The
pulmonary . clearance data, total numbers of phagocytic
cells, and differential cell count data were compared for
statistical significance between groups by one-way
analysis of variance, followed by Tuckey’'s test for
multiple-comparison analysis (Macintosh Systat) .
Antibody data was assessed for between group significance
by an unpaired t-test, and lymphocyte proliferation data

.agsesgsed by a fully factorial analysis of variance

(Macintosh Systat). = Linear correlation between two
variables was determined using the Pearson correlation
coefficient (Macintosh Systat) .

EXAMPLE 1

(i) Protein purification.

A 26 kDa protein (OMP26) was purified from strain NTHI-I
by preparative electrophorezis. Bacteria from overnight
culture of 100 agar plates were harvested by scraping the
plates, and washed twice by centrifugation at 10,000 x g
for 10 min at 4°C. A crude outer membrane preparation was
obtained by extraction of the outer mewbrane component
with buifered Zwittergent 3-14 detergent and ethanol
precipitation. The outer membrane extract was

'~ lyophilised, resuspended in a minimal amount of distilled

water and further dissolved in 4 times the volume of
sodium dodecyl  sulfate (SDS) reducing buffer (62.5 mM’
Tris, [pH 6.8], 10% [vol/vol]l glycerol, 2% {wt/vol]l SDS,
5% [vol/vol] pB-mercaptoethanol, 1.2 x 107%% [wt/voll
bromopheno blue). The SDS-preparation was incubated at
37°C for at least 30 min prior to being located onto the



The exanples refer to the figures in which: FI GURE 1: shows

t he DNA sequence coding for 10 : OWP26 and the am no acid sequence
derived from t hat DNA sequence; FI GURE 2:

shows SDS- PAGE anal ysis of OWP26 ..and two other proteins with
hi gher nol ecul@ordiss mass; FI GURE 3. pep/&hseiisedhe
N-term nal sequence of the first 25 am no aci ds residues of
OVP26 (a) and al so -a conparison of this with proteins 20
fromP. nultocida and Y. pseudotubercul osis; FI GURE 4:
shows NTHI -1 bacteria recovered in -7 bronchial washings 4 hr
post-chal l enge with li.ve bacteria; 25

stacking gel of the electrophoresis column. OMP26 was
purified using preparative polyacrylamide electrophoresis
(PAGE) . Preparative SDS-PAGE to purify OMP26 was
performed using the Bio-Rad Model 491 Prep Cell using a
60 ml 14 T-1.42% C acrylamide/BIS (N,N’-methylene-bis
acrylamide) separating gel with a 10 ml 4% T-0.36% C
acrylamide/BIS stacking gel polymerised in a 37 mm
(internal diameter [i.d.]) column. Fractions eluted from
the column were concentrated by 1lyophilisation, and
10 analysed for protein content by analytical SDS-PAGE.

OMP26, isolated using these conditions, contained SDS

which was subsequently removed by potassium phosphate and

precipitation. Fractions containing OMP26 were pooled

and dialysed prior to determination of protein
15 concentration.

wn

Analytical identification of the protein was performed by
analytical SDS-PAGE using either gradient 10-15% or
homogenous 12.5% acrylamide gels, and silver stained.

20 Protein concentration was determined using the Pierce
micro BCA assay. The presence of LOS was assessed by
both silver staining of SDS-PAGE mini-gels and assaying
with the E-~-TOXATE Limulus lysate test.

25
RES S

OMP26 was successfully separated from a group of three
proteins with molecular masses between 26 and 30 kDa.
30 Figure 2 shows the position of this protein in relation
to the other two, and the silver stained gel indicates
the high degree of purity of the resulting preparation.
Assessment of the heat-modifiable characteristic. of this
protein was performed by heating the protein sample at



FI GURE 5: shows OMP26-specific levels of 1gG subcl asses
serum of rats immuni sed wth OW26; FI GURE 6: shows

| mmunobl ot for the 30 detection of QOWP26-specific antibody in
serum and FI GURE 7: shows Antigen-specific

proliferation

I muni sed

PCT/ GB96/ 01549

10

15

20

25

30

' | ynphocytes isolated fromthe Mcdhosoldy6
7 9
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6

100°C for 30 min in the presence of B-mercaptoethanol. It
was found that after 30 min the boiled protein sample
still migrated with the same molecular mass (Figure 2).
To determine whether one of the other neighbouring
protein bands may have been the heat-modifiable P5, all
three proteins within this mass range were boiled for 30
min in the presence of gB-mercaptomethanol, with none of
the proteins demonstrating heat-modifiable

in
an

characteristics (Figure 2). Assessment of the protein

for the presence of LOS contamination was performed using
the E-TOXATE assay kit and found to be less than 0.6 ug
endotoxin per mg protein.

{(ii) Preparation of OMP26 for N-terminal amino acid
sequencing}

OMP26 was prepared for N-terminal amino acid sequence
analysis by transferring the protein band from an SDS-
PAGE gel to PVDF membrane. This protein sample was sent
to Cortecs Diagnostic, Techbase 1, Newtech Square,
Deeside, Clwyd, United Kingdom, for sequence analysis.

Amino acid sequence identification.

An N-terminal amino acid sequence was obtained from the
protein band transferred to PVDF. Amino acid sequence
analysis for the first twenty-five peptides is shown in
Figure 3. The sequence analysis indicates no sequence
homology with the N-terminal sequence of either Hib P5 or
the fimbrin protein. The N-terminal amino acid sequence
did show a 56% homology with a 21.4 kDa protein from
Pasteurella multocida and a 44% sequence homology with a
19 kDa outer  membrane protein  from Yersinia
pseudotuberculosis.



and non-i mune rats. In the foll ow ng exanple, the data have been

expressed as the nmeans +/- standard errors of the neans. The

5 pul nonary cl earance data, total nunbers of phagocytic cells,

and differential cell count data were conpared for statistica

significance RgdHyhergsgdr oups by one-way anal ysi s of Vaicysinemnisae

foll owed by Tuckey's test for mul ti pl e- conpari son anal ysi s

(Maci nt osh Systat). 10 Ant i body data was assessed for between group

significance by an unpaired t-test, agf | ynphocyte proliferation

dat a assessed by a fully factorial ysis of variance

(Maci ntosh Systat). Li near correl ati on between two vari abl es was

det’er mi ned using the Pearson correl ation 15 coefficient (Macintosh

EYD;'[ at). : ( OVP26)EWLE Ihmunisation (d'l:%d Bﬁ@%ﬂi’ﬂaﬂ%ﬂil&bﬁ(}n 20 t A 26
protein 0 raj eparative

el ect r ophor esi s. J¥Q$|aq%r%ﬁ$%$% @&% gﬁe rats recelve%y B CPal S -

Peyer’'s patch (IPP) J.mmun:.satlon on day 1, an intra-
tracheal (IT}) boost on day 14, and the final 1live

5 bacterial challenge on day 21. The animals were sedated
with halothane to facilitate intravenous anaesthesia with
chloral hydrate via the tail wvein. The small intestine

was exposed through a mid-line abdominal incision and the
antigen injected subserosal to each Peyer’s patch using

10 a 27-guage needle. The immunisation protein (OMP26) was
prepared by emulsification of 200 or 800 ug of protein

per ml in a 1:1 ratio of Incomplete Freund’s adjuvant

(IFA) and phosphate buffered saline (PBS), and a total
inoculum of 10 or 40 ug protein respectively was

15 administered to each animal. Two control groups of rats
consisted of (i) a mixture of untreated and sham-
immunised groups (immunised with IFA and PBS), and (ii)

a positive group immunised with killed bacteria of the
homologous NTHI strain. Rats received an IT boost on day

20 14, post-IPP immunisation. OMP26-immunised rats received
an IT boost of 10 pg of OMP26. The non-immune group
received 50 pl PBS, while the killed bacteria-immunised

group received 50 pul of killed bacteria (bacteria count

of 10 per ml). Animals were challenged for 4 hours with

25 live bacteria (bacteria count 5 x 10%) 21 days after the
first immunisation. A heterologous strain, NTHI-II, was

also used for bacterial challenge. Bacteria were grown
overnight at 37°C in 5% CO, on brain heart infusion agar

plates supplemented with 50 ml defibrinated horse blood

30 per litre of agar, recovered, washed and resuspended in
PBS to the required concentration. Bacteria were
introduced into the lungs via an intra-tracheal cannula

and 4 hours later the rats were euthanised. Blood was
collected and aligquots of serum stored at -20°C for



culture of 100 agar plates were harvested by scraping the pl at es,

and washed tw ce by centrifugation at 10,000 x g for 10 mn at
4[err] C. A crude outer nenbrane preparation was 25 obt ai ned by
extraction of the outer nmenbrane conponent with buffered Zwittergent
3-14 det ergentwagﬁoWanol precipitation. The owm,mfggg ane
extract was yophi | i sed, resuspended in a m niml anpunt of
distilled wat er and further dissolved in 4 times the volune of 30
sodi um dodecyl sulfate (SDS) reducing buffer (062 5 mM Tris, [pH
6.8], 10%[vol/vol] glycerol, 2% [wt/vol] é’ 5% [ vol /vol ]
[err]-nmercaptoethanol, 1.2 x 10[err] % [wt/vol ] br omopheno bl ue).

The SDS-preparation was incubated at 37[err]C for at least 30 mn

prior to being | ocagetibady timlysis. LuW@sOwWedd6BSraged by flushing with
PCT/ GB96/ 01549 5 x 2 ml of PBS, and the pooled 1aZrage (BAL) assessed for
bacteria numbers. Following lung lavage, the lungs were
removed, homogenised and assessed for numbers of
bacteria. ~ Cytospin slides were prepared for
determination of differential cell counts in the lung
lavage. Total cell numbers present in the lung lavage
were calculated by staining with methylene blue and
counting using a haemocytometer.

u

10
RESULTS

Rats immunised with OMP26 and challenged .with live
bacteria of the NTHI-I homologous strain on day 21 showed
is significant bacterial clearance (P<6.005) . Rats
immunised and boosted with 10 ug OMP26 had 92% fewer
bacteria in the lung than the non-immune group after 4 h,
whereas rats receiving 40 ug OMP26 in the IPP
immunisation, and boosted with 10 pug OMP26, had 96% fewer
20 bacteria and were equivalent to the 95% clearance
observed for killed bacteria immunised rats (Figure 4).

Rats immunised with OMP26 were also challenged with live
bacteria from a heterologous nontypeable strain, NTHI-II.
25 The results in Table 1 show that OMP26 immunisation also
significantly (P<0.005) cleared bacteria in a pulmonary
challenge by a different strain. The immunised group had
93% fewer bacteria than the non-immune group in the BAL
after 4h, demonstrating a rate of bacterial clearance
30 comparable to that for homologous challenge. OMP26
- immunisation alsoc reduced the numbers of bacteria present
in the lung homogenates of the immunised groups compared
with the non-immune groups. The lung homogenates from
the rats challenged with NTHI-ITI (heterologous strain)



stacking gel of the el ectrophoresis colum. OW26 was purified using
preparative polyacrylam de el ectrophoresis ( PAGE) . Preparative
SDS-PAGE to purify OW26 was performed using the Bi o-Rad Mdel
491 Prep Cell using a 5 60 mM 14 T-1.42% C acrylam de/BI S

(N, N -net hyI e "acryl ani de) separating gel with a 9
T-0.36% C rWol;z’?lﬁl"sam de/ BI S stacking gel polynerised in a%‘ﬂ{g‘g
(internal diameter [| d.]) colum. Fractions eluted from t he col umm
were concentrated by |yophilisation, and 10 anal ysed for protein content
by anal ytical SDS-PAGE. OMP26, i sol at edlusi ng” t hese conditions,

cont ai ned SDS whi ch was subsequently renoved by potassium phosphate
and precipitation. Fractions containing OW26 were pool ed and

ii a: Yf_ed I pr ijort ]E Ohatd.etﬁéﬂl'ﬁtiﬁ:hﬁﬂlyo‘cleéy Obgbfedda thaQNCEHY I ibhoﬂtlnmune
SD8. PAGE usi ng. e ¢ nORIgR A KRHEVES" 1 88 gradtiredde ot FBE ecerence s/ b G
gels, and silver stanntle 20ngs, Rrigheidl%coheanance i im thes Bddt esncomspaned ng
the Prerce M &5 on BSe% a338¥%ancd Nn RIERS 80A&s Ofad OB 79881 8558732 nbithe
5 BAL for groups challenged with NTHI-I (the homologous
strain). The percentage clearance in this experiment for
NTHI-I differed from previous experiments due to the live
bacterial inoculum containing considerably more bacteria
than usual (usual inoculum ranged between 0.6 and 1.4 x
10 10* CFU per ml).

Greater numbexrs of phagocytic cells were present in the
BAL of OMP26-immunised animals, and correlated with the
enhanced bacterial clearance in these animals (Table 2).
15 The increase in cell recruitment in immunised groups was
the same for both homologous and non-homologous bacterial
challenge. However, at 4h post-challenge, the
differential cell counts were not significantly different
between immune and non-immune groups (Table 2), with both
20 groups showing similar ratios of PMNs to macrophage:-
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8 100[err]C for 30 min in the presence of [err]-nercaptoethanol.

I t was found that after 30 min the boiled protein sanple
still mgrated with the sanme nol ecular mass (Figure 2). To determ ne
whet her one of the other neighbouring 5 protei n bands may have been
t he heat - nodi fwgbl,,s“ﬁi al | three proteins within thimﬁwge
were boiled for mn in the presenﬁg of [err]-nercaptonethanol,
wi th none of t he pr ot ei ns denoristrati ng heat - nodi fi abl e
characteristics (Figure 2). Fﬁﬁﬁﬂiﬁ@iﬁwmtem 10 for the
presence of LGS contangnati o was perL)rrred usi jhg t he E- TOXATE assay
kit and found to be legs thajp 0.6 Jertjg endot oxi n per ngy protein.
(ii’) Preparati on of @MP26 fas N-t er.gi nak afli np acid 15 sequenci ng.
OVP26 was prepared forBN-ter n'ﬁ‘nal.};amaén aci d%sepuence anal ysi s by
transferring the protet¥n banjl § oM an BDS- PAGE gel to PVDF
menbrane. This protei n.::sarrpl e \R4dksend tp Cortecs Diagnostic,
Techbase 1, Newt ech Sq-uare e 4
6] 44 <3 (3] o~
9 g O o ~ o
o s Q5 S
5 -~ 0O o
. L O o
pH [T =
o o >™m|
g 5
o “E Q ]
nenl g o %
& awWol o
o
; |[ -
3 (=}
<] = -
1 s ———
o - 0 o
8 |2.8 3| o ¢
B k5 -
S 2N m H gy
- Agel & 9 o
.—;Eu ™~ o
E o ) - o
g S
0 ~ —
P 3
2 .
H (78] o}
< o 3
=] & el
of Al M a o
. 3 g B ~
o . "
28 1%.8 5 - | 8
g N ool 8B # # 2
o H o H £
0@ g O ~ ] e
= ~ B [} . . f
a8 1558 8] = 8| 5
93 s 7| ¢ g
L] O
Lh .
Jo g
P o] g
0 .Q o
ow 0 Ey
0o | o R
a5 v 5 || 6
) jo? g £ 0
3 3 E
.. 8 E -,;’ 5'
~ o)) - W0 o
M ol & B o
A
3 g 28 |«
E-l e 1




20 Deesi de, Cwyd, United Kingdom for sequence anal ysis.

Am no acid sequence identification. An N-termnal amno acid
sequence was obtained fromthe protein band transferred to PVDF.
Am no aci d sequence 25 analysis for the first twenty-five peptides is
shown in woRtiag 3. The sequence anal ysis indicates necFHeasRIsed
honol ogy with the N-term nal sequence of either H b P5 or t he
fimbrin protein. The N-term nal am no acid sequence did show a 56%
honmol ogy with a 21.4 kDa protein from 30 Pasteurella nultocida and a
44% sequence honol ogy with a 19 kDa?® outer menbr ane protein
from Yersinia pseudot uber cul osi s. WO 97/01638

PCT/ GB96/ 01549
(iv) OMPS26-specific ELISA.

Polysorb microtiter wells were coated with purified OMP26

at a concentration of 1 pg per ml for assay of IgG, IgG,,,

5 IgA, and IgM; and 10 pg per wml for IgG,, IgG,, 0gG, and
IgE. The plates were washed five times in PBS containing

0.05% Tween 20 between incubation steps. The wells were
blocked with 5% skim milk in PBS-0.05% Tween 20 for 60

min. Wells were incubated for 90 min with serum (1/25 to

10 1/3200), or BAL (1/2 to 1/16) samples were serially
diluted in blocking buffer £for analysis. Conjugated
.immunoglobulin used were goat anti-rat IgG (1/2000), IgA
(1/1000), and IgM (1/4000) (Fc specific); mouse anti-rat

IgG, (1/500), IgG,, (1/1000), IgG, (1/500), and IgG,

15 (1/500), and wells were incubated with conjugated
immunoglobulin for 90 min. The plates were then
developed.

RESULTS

20

Antibody specific to OPM26 was measured in the serum and
BAL samples of rats immunised with OMP26, as well as from
rats that had been immunised with killed bacteria from
four different strains of H. influenzae. High OMP26-
25 specific antibody titers for IgG, IgA and IgM were found
in the serum, and IgG and IgA in the BAL of rats
immunised with OMP26, with the highest levels observed
for the group receiving the higher immunisation dosage of
40 pug (Table 3). Detectable levels of OMP26-specific
30 IgG, IgA and IgM in the serum, and IgG and IgA in the
BAL, were also found in rats that had been immunised with
different strains of H. influenzae (Table 3), although
the levels observed for these groups were significantly
less than those in the OMP26-immunised groups. IgE



9 (iii1) I'rmmuni zation and bacterial challenge. Specific
pat hogen-free male rats received an intra- Peyer's patch (I PP)

i mruni sation on day 1, an intra- tracheal (1T) boost on day 14, and
the final live 5 bacterial challenge on day 21. The aninals wer e
sedat ed ' | othane to facilitate intravenous ana ’ pth
chloral hydrate via e tail vein. The small intestine was exposed
through a md-1ine abdom nal incision and the antigen injected
subserosal to each Peyer's patch using 10 a 27-guage needle. The

i mruni sation protein (OW26) was prep&?ed by emul sification of 200
or 800 [err]g of protein per mM in a 1:1 ratio of Inconplete
Freund' s adj uvant (I FA) and phosphate buffered saline (PBS), and a

t ot al i nocul g sz w Qeohlséocai'ﬁédgou@r eheis@mﬁemﬁ.t oMby Mas 15
adm ntrstered to each ani ma can |sted

o) a
of (i) a mxture ofg{ﬁﬂg%&ﬂqﬁyeﬁﬁﬁ sﬁg fg ok 6ﬂﬁgﬁﬂfﬁe§églﬁr6ﬂ%sc?w %ed
with | FA and PBS), badigtigoted (datagngipsshawnd .group i mmuni sed with killed
bactefi a of the honnlogous NTH strain. Rats received an I T boost on
day 20

Y 20, oot “op RO AR 33 g R T el 28k RSP e
OMP26-~specific IgG, was only detectable following the 40
pg immunisation, whereas significant levels of IgG,, and
IgG,, subclasses were found for both 10 pg and 40 pug OMP26
immunisation groups (Figure 5}. Levels of both IgG,, and

10 IgG,, increased significantly (P<0.05) with the increase
in concentration of OMP26 from 10 ug to 40 pug in the IPP
inoculum. 'Ingc was also measured, however, significant
levels of OMP26-specific antibody from this subclass
could not be detected (data not shown).
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10 anti body anal ysis. Lungs were | avaged by flushing with 5

x 2 m of PBS, and the pool ed | avage (BAL) assessed for bacteria
nunbers. Followi ng lung | avage, the |lungs were renoved, honogeni sed
and assessed for nunbers of 5 bacteri a. Cyt ospin sl i des wer e
prepared forwpemmesgeterm nation of differential cell courgepdrvsiofige! Ung
| avage. Total cell nunbers present in the lung | avage wer e
cal cul ated by staining with methyl ene bl ue and counting using a
haenocyt oneter. 10 RESULTS ‘Rats_i muni sed with OW26 and
chall enged with live bacteria of the NYH -I honol ogous strain on day
21 showed 15 significant bacterial clearance (P<0. 005). Rat s
i mmuni sed and boosted with 10 [err]g OW26 had 92% f ewer bacteria in
the lung than the ngs- i nEmaRoBIoEp after 4 h, whereas rats receiving
40 [err]g OW26 in |, PP ' ni i and boosted with 10 [err]g
OVP26, had 96% f emeé%‘ﬁs gepazared By S fien é’&ﬁ?v&?&ﬁ?mﬁb“?%a@g%
cl ear ance transferred to nitrocellulose (0.2 ugm pore size). Rat
serum from OMP26, NTHI-I, NTHI-II, as well as strains HI-
5 CD, and Hib-II-immunised groups was diluted 10-fold in

TTBS-5% (w/v) skim wmilk powder and was used as the
primary antibody. A 500-fold dilution of horseradish
peroxidase conjugated goat anti-rat IgG (Fc specific) in
TTBS-5% skim milk was used as the second antibody.

10
RESULTS

Immunoblot analysis of recognition of OMP26 by antibodies
present in the serum of non-immune, OMP26-immunised and
15 H. influenzae- (four strains) immunised rats has shown
recognition of this protein by antibodies present in the
serum from each of the immunised groups, but not the non-
immune group (Figure 6). This demonstrates the cross-
reactivity of antibody-responses generated by
20 immunisation with the H. influenzae strains used in this
study with the OMP26 purified from the NTHI-I strain.

(vi) Antigen-specific lymphocyte assay.
Lymphocytes obtained from the mesenteric lymph nodes
25 (MILN) were cultured at a concentration of 10° cells per
ml. The antigen (OMP26) was suspended in culture medium
in a 10-fold dilution series and sterile filtered. The
cell suspension and antigen were .added in triplicate to
flat-bottomed multiwell plates to give a final volume of
3o 0.2 ml per well. Lymphocyte proliferation was estimated
by [*H]thymidine incorporation for the last 8 h of a 4-day
culture. Results were calculated by subtraction of
background from the geometric means of triplicate wells,
then the geometric mean +/- standard error of the entire



observed for killed bacteria i mmunised rats (Figure 4). Rat s

I mmuni sed with OVW26 were al so challenged with live bacteria froma
het er ol ogous nontypeable strain, NTH -11. 25 The results in Table 1
show t hat OMP26 i mruni sat.i on al so significantly (P<0.005) cleared

bacteria in awgybimRes Y chall enge by a different str ichcebBisa
I mmuni sed group had 93% f ewer bacteria than the non-inmune group in

t he BAL after 4h, denonstrating a rate of bacterial clearance 30
caonparable to that for honol ogous” challenge g OVP26 I mruni sati on
al so reduced the nunbers of bacteria present in the | ung honopgenat es
of the inmmuni sed groups conpared with the non-i mune groups. The

| ung honobgenat es from the rats challenged with NTH -11 (heterol ogous
strain) @ e theaB88group.

PCT/ GB96/ 01549

SULT.

s Lymphocytes from the MLN of OMP26-immunised and non-
immunised rats were assessed for antigen-specific
proliferative responses. Cells from the OMP26-immunised
group responded significantly to OMP26 in culture in
vitro, whereas cells from the non-immunised rats did not

10 show significant proliferation (Figure 7A). The
lymphocytes from rats immunised with OMP26 were also
cultured with OMP extracts from four H. influenzae
strains to assess cross-reactive responses. Significant
proliferative responses were found in the lymphocytes

15 from the OMP26-immunised group for the OMP extracts from
strains NTHI-I, NTHI-II and HI-CD, but no significant
proliferation was observed for the extract from the Hib-
II strain (Figures 7B-E)}.

20 EXAMPLE 2: CLONING AND SEQUENCING OF OMP26
DNA was extracted from NTHi. The region of DNA encoding
OMP26 was identified and amplified by standard PCR
methods using primers designed to recognise the gene
(synthesised at Biomolecular Resource Facility, John

25 Curtin School of Medical Research, Canberra, ACT,
Australia). Af_ter analysis to determine successful
recognition of the correct product, the PCR DNA product
was extracted.

30 Two plasmids were prepared. One DNA product contained the
region encoding both the signal peptide and the mature
OMP26 product and the second encoded the final mature
OMP26 (without the leader signal peptide). The .PCR DNA
products were digested with the endonucleases Hindiii for



11 had significantly |l ess bacteria than the non-immune

| ungs. However, the magnitude of the difference was 80% in the

| ungs, with 93% cl earance in the BAL as conpared wi th 89% cl ear ance
in the lungs, and 87%clearance in the 5 .BAL for groups challenged with
NTHI -1 (the hqﬁp%@ds strain). The percentage clear 3pgRpbdorkdd S
experinment for NTHI -1 differed from previous experinents due to the
live bacterial inoculum containing considerably nore bacteria

t han usual (usual inoculumranged between 0.6 and 1.4 x 10 10[err] CFU
per m). G eater nunbers of phagocy’t?c cells were present in the
BAL of OMP26-i mmuni sed animals, and correlated with the enhanced
bacterial clearance in these animals (Table 2). 15 The increase in cell

recruitment in i mMgMp3ed RRURRLGMAI peptide! BAIS MIPBTRr phakhukagPipoeys and
non- henol ogous bacter.i al

hal J.enge. Ho Ah.
post-chal | enge, fHEure OMP2g, f’rc‘b?éi&eﬁ?g?e%e‘?‘f‘* @ﬁ%géﬁg?ﬁg%&nw ligated

significantly diffetethe Smal and HindIII sites into the plasmids pQE30 or
i pQE31 (Giagen GmbH, Hilden, Germany) for OMP26 plus
5 signal peptide or OMP26 mature protein respectively. The
plasmids were then purified and precipitated. sequencing
was performed by the dye deoxy-terminator procedure at
the biomolecular resource Facility, John Curtin School of -
Medical Research, Canberra, Australia.
10
RESULTS
The sequence shown in figure 1 represents both the mature
‘OMP26 plus the .signal peptide. The signal peptide
‘sequence. encompasses the first twenty-three amino acids.
15 " The final product expressed by NTHi on the outer membrane
commences at amino acid twenty-four.
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THIS SHEET HAS BEEN-
CLAIMS: REPLACED
1. A protein having a molecular weight of 26 kDa, as
determined by SDS-PAGE, which protein is an outer
5 membrane protein of H. influenzae. '
2. A pxotein as claimed in claim 1 which has the amino

acid sequence shown in figure 1, or a sequence
substantially homologous thereto.

10
3. A protein as claimed in claim 1 which has an amino
-acid sequence as shown in figure 1 commencing with amino
acid twenty-four as the N-terminal amino acid, or a
sequence substantially homologous thereto..

15
4. A protein as claimed in claim 2 or claim 3 which has
an amino acid sequence which is at least 70% homologous
to the amino acid sequence shown in figure 1.

20 5. A protein or peptide which is an antigenic part or
region of a protein as defined in any one of claims 1 to
4.
6. A protein which comprises an antigenic part or
25 region of a protein as defined in any one of claims 1 to
4,
7. A protein as claimed in claim 6 which is a fusion
protein.
30
8. A nucleic acid sequence which codes for a protein as

defined in any one of claims 1 to 7.

9. A nucleic acid sequence as claimed im claim 8 which

This Sheet Has Been Replaced '
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OWPS26- speci fi ¢ ELI SA. Pol ysorb mcrotiter wells were coated with
purified OMP2Qyoorn1e3s @t @ concentration of 1 [err]g per ni of
lgG I1gderr], b5 lgA, and IgM and 10 [err]g per m forPE? EﬁlerrgT6

g err], Qg err], and
i ' 21

THIS SHEET HAS BEEN
REPLAGED

is a DNA sequence.

10. A DNA sequence as claimed in claim 9 which is that
shown in figure 1.

11. A vaccine formulation comprising a protein as
defined in any one of claims 1 to 7, optiocnally together
with one or more carriers and/or adjuvants.

10 12. The use of a protein as defined in any one of claims
1 to 7 in the preparation of a vaccine against
H.influenzae.

13. A method of immunising a subject against infection
15 by H. influenzae, which comprises administering to the
subject a vaccine as defined in claim 11.

14, A method for the prophylaxis or treatment of
respiratory tract infections or otitis media which

20 comprises the step of administering to a subject a
vaccine as defined in claim 11.

15. The use of a protein as defined in any one of claims
1 to 7 in the diagnosis of H. influenzae infection.

25
16. A kit for use in the diagnosis of H. influenzae
infection comprising a protein as defined in any one of
claims 1 to 7.

This Sheet Has Been Replace
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0. 05% Tween
5% ski m
90

| gE. The plates were washed five tines in PBS containing

20 between incubation steps. The wells were bl ocked with
mlk in PBS-0.05% Tween 20 for 60 mn. Wells were incubated for
mn wth serum (1/25 to 10 1/3200), or BAL (1/2 to 1/16) sanples
were serially wooermoiessli | uted in bl ocking buffer for analysi smm%%% at ed
I mmunogl obul i n used were goat anti-rat 1gG (1/2000), |IgA

and 1 gM (1/4000) (Fc specific); nouse anti-rat lgd err] (1/500),
lggerr] (1/1000), lgderr] (1/500), and Igderr] 15 (1/500), and

wells were incubated wth conjugat egé\] I mmunogl obulin for 90
plates were then el oped. RESULTS 20

m n. The
Ant i body specific to OPM6 was neasured in the serum and BAL sanpl es
of rats inmmunised with OW26, as well as from rats that had been

I mmunirsed with killed bacteria from four different strains of H

I nfl uenzae. H gh OWP26- 25 specific antibody titers for 1gG |gA and
I gM were found in the serum and IgG and IgA in the BAL of rats

i muni sed with OWP26. with the highest | evels observed for the group

receiving the higher irownisatiogodosage of30 404berr]g (Tabl e 3).
Det ectabl e | evd2845678WMP2I52 H67i800Cc1234567890 1234567890 1234567890

ATGAAAAACA TCGCAAAAGT AACCGCACTT GCTTTAGGTA TTGCACTTGC 50

M XK N I A K V T A L A L G I A L A
TTCAGGCTAT GCTTCCGCTG AAGAAAAAAT TGCTTTCATT AATGCAGGTT 100
S G Y A S A E E K I A F I N A G Y
ATATTTTTCA ACATCACCCA GATCGCCAAG CGGTAGCAGA TAAACTTGAT 150
I F O H H P D R Q & V A D K L D
GCTGAATTTA AACCTGTAGC TGAGAAATTA GCAGCAAGCA AAAAAGAAGT 200
A E F X P V A E X L A A § K K E V
TGATGATAAA ATTGCTGCTG CTCGTAAAAA AGTAGAAGCA AAAGTTGCGG 250
D D K I A A A R K K V E A K vV A A
CTTTAGAAAA AGATGCACCT CGCTTACGTC AAGCTGATAT TCAAAAACGC 300
L E X D A P R L R Q A D I Q K R
CAAGAAGAAA TTAATAAATT AGGTGCGGCT GAAGATGCTG AATTACAAAA 350
Q E E I N X L G A A E D A E L Q K
ATTAATGCAA GAACAAGATA AAAAAGTTCA AGAATTCCAA GCTCAAAATG 400
L M Q E Q D X K VvV Q E F Q A Q N E
AAAAACGTCA AGCTGAAGAA CGTGGTAAAT TATTAGATAG CATTCAAACT 450
K R Q A E E R 6 XK L L D S I Q@ T
GCGACAAATA ATTTAGCAAG AGCAAAAGGT TATACTTATG TGCTTGATGC 500
A T N N L a4 R A K G Y T Y ¥V L D A
AAATTCAGTT GTATTTGCGG TAGAGGGTAA AGATATTACT GAAGAAGTAT 550
N S V vV F A V E 6 K b I T E E VvV L
TAAAATCTAT CCCTGCTTCT GAAAAAGCAC AAGAGAAAAA ATAATAGGTT 600
K S T P.A S E K A Q E K K X X v
c 601

FIG. 1
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30 1gG I1gA and IgMin the serum and 1gG and IgA in the BAL,

were also found in rats that had been inmunised with di fferent

strains of H influenzae (Table 3), although the | evel s observed for

t hese groups were significantly | ess than those in the

OVP26- i nruni S ewom7018s - | gE WO 97/ 01638

PCT/ GB96/ 01549 15 PCT/CBS(01S4A s

were al so carried out on serum from OVWP26 rat groups, however,

| evel s of OWP26-specific |IgE could not be detected (data not shown).
2/7
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Measur enent of OWP26-specific 1gG subcl asses found that\

5
OVP26-specific Igderr] was only detectable follow ng the 40 [err]g
i muni sati on, V\hereasWQisvgnj‘jd' cant levels of Igderr] and lgd err]
subcl asses were found for both 10 [err]g and 40 [err]g OWP26

Levels of both Igerr] and 10 lgd err]

| muni sati on groups (Figure 5).
i ncreased significantly (P<0.05) with the increase I n conceptration
i nocul um S HERE1g,

of OW26 from 10 [err]g to 40 [err]g in the |IPP
was al so neasured, however, significant 3 7eve| s of OWP26-specific
anti body fromthis subcl ass coul d not "be’ detected (data not shown).

W 97/01638
PCT/ GB96/ 01549 16 [err]
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17 (v) I mrunobl ot. Prot ei ns separated by SDS-PAGE were
el ectrophoretically transferred to nitrocellulose (0.2 [err] mpore
size). Rat serum from OW26, NTHI -1, NTH -11, as well as strains
H- 5 CD, wod7iies | | -1 mmuni sed groups was diluted 10-fol gd_j
TTBS-5% (W v) skimm |k powder and was used as the erﬁﬁ’body
A 500-fold dilution of horseradish per oxi dase conj ugat ed goat
anti-rat 1gG (Fc specific) in TTBS-5% skimm | k was used as the
second anti body. 10 RESULTS L/ 7

7

BACTERIA RECOVERED IN BAL {log4oCFU)

5 S R BRI
NON-IMMUNE 0pg NTHI-I
OMP26 0MP26
IMMUNIZATION

FIG. 4
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| mmunobl ot anal ysis of reéecognition of OVW26 by anti bodies present in
the serum of non-i mmune, OWP26-i nmuni sed and 15 H influenzae- (four
strains) inmunised rats has shown : recognition of this protein by
anti bodi es present in the serum from each of the imuni sed groups,
but not the nogwgez I mmune group (Figure 6). This denonstrates the
Cross- , ?g%c#?s?ty of ant i body- r esponses gener BELGB96/349-

i muni sation with the -H influenzae strains used in this study with
the OW26 purified fromthe NTH -1 strain. (vi) Antigen-specific

| ynphocyt e assay. Lynphocyt es olﬁfl']ned fromthe nesenteric |ynph
nodes 25 . (MN) were cultured at a concentration of 10[err] cells per

m . The antigen (OWP26) was suspended in culture nedium ina 10-fold
dilution series and sterile filtered. The cell suspension and
antigén were added in triplicate to flat-bottonmed multiwell plates
to give a final volune of 30 0.2 m per well. Lynphocyte proliferation
was egtimated . by [[err]H thym di ne incorporation for the last 8 h of
a 4- day cul turel REs -m-T.-ml-nl-l-_u by subtracti on of
background from the gepnpirictis 5 JegymNUﬁdgq a. then the
geonetric nmean +/- standard ek SR
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WO 97/01638 PCT/ (B96/ 01549
18 treat nent group. RESULTS 5 Lynphocytes fromthe
MLN of QWP26-i mmuni sed and non- i mmuni sed rats were assessed for

anti gen-specific proliferative responses. Cells fromthe
OVP26- i mmuni sggip 97/01638 9" OUp responded significantly to OVP2§dri:peklidssy’ € 1 N

6/7
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vitro, whereas cells fromthe non-i munised rats did not |10 show

significant proliferation (Figure 7A). The | ynphocytes from
rats i mmuni sed with OVWP26 were al so cultured with OW extracts from
four H influenzae strains to assess cross-reactive responses.
Significant woerems®l i ferative responses were found in thepdyygRdsmessbes 15
fromthe OMP26-i muni sed group for the OW extracts from strains
NTHI -1, NTH -1l and H -CD, but no si gnifi cant proliferation was
observed for the extract fromthe H b Il strain (Figures 7B-E). 20
EXAVPLE 2: CLONI NG AND SEQUENCI NG CF DNA was extracted from
NTH . The region of DNA encodlng UVI-’ZB identified and anplified
by- standard PCR met ho usi n rinmers de @ned to recogni se the gene
(synt hesi sed at Bi onol ecul ar Resou Facility, John 25 Curtin School
of Medical Research, Canberra,e =CT, ustralia). After analysis to
det erm ne successf ul riecogal téon of the orr‘ébt product, the PCR DNA
prodyct was extracted. 3§ Two pl asnifds $Bere prepared. One DNA
pr oduct contai ned t he [ egi ncodl ng botth the si gnal peptide and the
mat ur e : | —
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«OMP26 product and the second encodeid the Tl naI mature mg'(without
t he.header signal peptide). The PCR;DNA' ; wth

t he endonucl eases Hindiii for V\O 97/ 0163

PCT/ GB96/ 01549 o !ll ||Uu£ullnm 6 plus

si gnal peptide and NspBlIl plus H ndll| for di gest ed
DNA was recovered and ligated - at the Smal .and Hindl1l sites into the
pl asm ds pQESgLérI—M—S pQE31l (G agen GrbH, Hilden, Gernany) for OWP26 plus

5 signal peptide or OVP26 mat ur e prote| n respectlvely The
plasm ds were then purified and precipitated. sequencing

1. A vaccine formulation comprising a protein having a molecular weight of
26kDa, as determined by SDS-'PAGE, which protein is an outer membrane protein of

5 H. influenzae, optionally together with one or more carriers and/or adjuvants.

o2 A vaccine formulation as claimed in claim 1 wherein the protein has the amino

acid sequence shown in Figure 1, or a sequence substantively homologous thereto.

10 3. A vaccine formulation as claimed in claim 1 wherein the protein has an amino
U acid sequence as shown in figure 1 commencing with amino acid twenty—four as the

N-terminal amino acid, or a sequerice substantially homologous thereto.

4. A vaccine formulation as claimed in claim 2 or claim 3 wherein the protein has
15 an amino acid sequence which is act leést. 70% homologous to the amino acid

sequence shown in figure 1.

5. A vaccine formulation comprising a protein or peptide which is an antigenic
part of region of a protein as defined in any one of claims 1 to 4.

20
6. A vaccine formulation comprising a protein which comprises a protein which

" ' comprises an antigenic part or region of a protein as deﬁned in any one of claims 1 to

4.

25 7. A vaccine formulation as claimed in claim 6 wherein the protein is a fusion
protein.
8. The use of a protein as defined in any one of claims 1 to 7 in the preparation of
a vaccine against H. influenzae.

30
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by ogpl ecul ar 1 EZOLPﬁJﬂIﬂI}‘ﬂﬂﬂIﬂH RUIME.?: b Schooeie_neaie
. Research Canberra, Australta "1 * RESULTS i
figure 1 represents both the mature 20vP26

The signal peptide sequence enconpasses tT ' _

am no acids. 15 The final product ex ressed hy NTH . o t

menbrane 9 cofnBiiid ol immpniyng & f%ﬁwnﬁtdﬁfecﬁon I
PCT/ GB96/ 0154.8mprises administering to the subject a vaccine formafdtion as defined in any one of

claims 1 to 7.

5 10. A method for the prophylaxis or treatment of respiratory tract infections or
otitis media which comprises the step of administering to a subject a vaccine

formulation as defined in any one of claims 1 to 7.

11.  The use of a protein as defined in any one of claims 1 to 7 in the diagnosis of

10 H. influenzae infection.
12.  AKkit for use in the diagnosis of H. influenzae infection comprising a protein as
defined in any one of claims 1 to 7.
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CLAI MS: 1. "A protein having a
determ ned by SDS- PAGE, which protein i

WIILSf o

nbran rotein of

H. |nfluenzae_, 2. Aprotein as tladingd *n & afm1 mhlch has t he
am no THISSS ‘I/n figure 1 or a.sequence
subst ant-i al | y 10 : A protein as clalned in

claim 1 which 2 ‘4i*‘aC|d S§ ﬁuence as shown in figure 1
comenci ng with am no acid twenty-four as the N-term nal am no acid,
or a sequence substantially honol ogous thereto.. 15 4, A

protein as gl ai Mpdei g8l 88 My 2vREcEh foBmithElomass definsd B
sequence whi ch |s at | east 70% honol pgous to the amno. aci qéence

shown in fighrelaims 3pto 75to immunige;s, %Hb1ﬁﬁﬁ|?ﬁ?%ﬂﬁ r+ﬁ§?%ﬁ%%ﬂn eni c

part or H. LAglaenakea protein as defined in any one of clains 1 to

10. The use of a vaccine formulation as defined in any of
claims 1 to 7 for the prophylaxis or treatment of

respiratory tract infections.

11. The use of a protein as defined in any one of claims 1
to 7 in the diagnosis of H. influenzae.

12. A kit for use in the diagnosis of H. influenzae
infection comprising a protein as defined in any of claims
1 to 7.
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4.

| Yepa
6. A protein which conprises an antigenic part or g ek

reglon of a protein as defined in any one of clains T 10 4: :
7. A protein-as claimed in claim6 whidh pr ot ei n2%
8. A nucleic acid sequence which codes for”ﬂm, alﬁ”m””m defi ned

any one of
claim8 whi

10

15

20

25

30

clains 1 to 7. nucl ®i ¢ ac¢i dwseguence as cl ai rred

1. A vaccine formulation comprising a protein having a molecular weight of
26kDa, as determined by SDS-PAGE, which protein is an outer membrane protein of

H. influenzae, optionally together with one or more carriers and/or adjuvants.

2. A vaccine formulation as claimed in claim 1 wherein the protein has the amino

acid sequence shown in Figure 1, or a sequence substantially hamologous thereto.

3. A vaccine formulation as claimed in claim 1 wherein the protein has an amino
acid sequence as shown in figure 1 commencing with amino acid twenty—four as the

N-terminal amino acid, or a sequence substantially homologous thereto.

4, A vaccine formulation as claimed in claim 2 or claim 3 wherein the protein has
an amino acid sequence which is at least 70% homologous to the amino acid

sequence shown in figure 1.

S. A vaccine formulation comprising a protein or peptide which is ‘an antigenic -

partor region of a protein as defined in any one of claims 1 to 4.

6. A vaccine formulation comprising a proteiri. which comprises an antigenic

part or region of a protein as defined in any one of claims 1 to 4.
7. A vaccine formulation as claimed in claim 6 wherein the protein is a fusion
protein.

8. The use of a protein as defined in any one of claims 1 to 7 in the preparation of

a vaccine against H. influenzae.
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9. .
to 7 to i muni se a subj ect agai nst
use of a vaccine fornulation as defined in any of cl
prophyl axi s or treatnent of

The !us,e of a vaccine formnulation

I nfection by H

respiratory tract

as defined in any one of clains 1

i nfl ue&za&. g 10. The
.l tthe
i nf ect ﬂ)ﬂ? 311. use of

a protein as defined in any one of claims 1 to 7 in the di agne

I nfl uenzae.
i nfection conpri si

12; kit for
a protein as de
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