
COMBINATION VACCINES WITH LOW DOSE OF RIB CONJUGATE All documents
cited herein are incorporated by reference in their entirety.
TECHNICAL FIELD      This invention is in the field of combination
vaccines, particularly those for protecting against 5 diphtheria,
tetanus, pertussis and Hinfluenzae type b Mita BACKGROUND ART
Combination vaccines including antigens for immunising against
diphtheria, tetanus, pertussis and Hib are known (`DTP-Hib'
vaccines). Three such vaccines have been marketed under the names
TETRAMUNErm and QUATTVAXEMTh (which use cellular pertussis antigens
`DTwP-Hib') and 10INFANRIX_H1bTM (which uses acellular pertussis
antigens `DTaP-flib'). The inclusion of Rib-conjugate components in
DTaP-Hib vaccines has been associated with reductions in the anti-Nib
response [1,2]. Furthermore, Hib-conjugates are unstable in aqueous
media and cannot survive prolonged storage in this form [3]. For this
reason, in combination vaccines that include Hib-conjugate antigens,
it is common for the Nib component to be provided as a lyophilised
15powder that is reconstituted at the time of delivery with a liquid
formulation of the other antigens. Rib-conjugate antigens are not
cheap to produce, and there is concern that their cost will inhibit
widespread use in developing countries, and so alternative strategies
for Nib-conjugate use have been developed [4-6]. One approach to
furthering their use has been to give two doses (e.g. at 3 & 5 months
of age [5] or at 4 & 6 months [6]), rather than the normal three
doses (2,4 & 6 months [7]). 20 In a different approach, whereas
Nib-conjugates are typically given at 10g/dose, lower doses
(typically fractions e.g. 'A, %, 'A, etc.) have been used [4,6]. In
ref. 6, for example, Hib-conjugates were administered at 5pg/dose or
3.33 ug/dose. The same approach has been extended to Bib-conjugates
within DTP-Hib vaccines. For example, reference 8 compares hill-dose,
half-dose and third-dose use of Nib-conjugate in combination with a
25 DTwP vaccine and, although geometric mean concentrations of
anti-PRP bodies were reduced in patients receiving combined DTP-Hib
vaccines compared to separate administration of DTP and Nib,
acceptable protective anti-Nib immune responses were seen in all
cases. Reference 9 uses a 10-fold dilution of Nib-conjugate dosage by
reconstituting a single Nib dose with a ten-dose vial of DTwP.
Reference 10 discloses reconstitution of lyophilised Hib-conjugate at
full dose, half-dose or 30 quarter-dose using the TRITANR1XTm
DTwP-HBsAg vaccine. In each of these cases, however, the
Nib-conjugate was in lyophilised form and had to be reconstituted by
aqueous DTP antigens prior to administration. These vaccines must
thus be provided in two separate containers (aqueous DTP in one,
lyophilised Nib in the other), and this double container requirement
imposes additional cost and logistical requirements at the packaging
stage, the 35transport stage, the storage stage and the
administration stage. As the reduced-dose vaccines are  intended to
reduce cost and encourage distribution in the developing world then
these additional requirements are significant disadvantages. The
requirement for a reconstitution step also means that there is a risk
of error by the end user, a tendency towards non-standardised
dosages, a risk of contamination of the mixed product and a need to
train staff in the reconstitution procedure. All of 5these problems
frustrate the intended target market Le. the developing world. There
thus remains a need for a combination vaccine that includes a low
dose of Hib-conjugate antigen and does not need separate packaging of



saccharide and the concentration of Rib conjugate in the vaccine is
<15 pg/ml, and wherein (a) the process comprises a step of admixing
said antigens for protecting against D, T, P and Rib, and (b) the
process (i) does not include a step of lyophilisation of the Rib
conjugate antigen, and/or (ii) does not include a step of packaging
the diphtheria, tetanus and pertussis antigens in admixed form
separately 5from the Rib conjugate antigen. The invention also
provides a process for inserting a combination vaccine into a
container, wherein: (a) the vaccine comprises antigens for protecting
a subject against at least diphtheria, tetanus, pertussis and
Hinfluenzae type b ('Rib'); (b) the antigen for protecting against
Hib is a conjugate of a Rib capsular saccharide; and (c) the
concentration of the Rib conjugate in the vaccine is <15 pg/ml. 10The
invention also provides a process for attaching a label to a
container, wherein: (a) the container contains a combination vaccine
that comprises antigens for protecting a subject against at least
diphtheria, tetanus, pertussis and Ifinfluenzae type b (b) the
antigen for protecting against Hib is a conjugate of a Hib capsular
saccharide; and (c) the concentration of the Rib conjugate in the
vaccine is <15 pg/ml. The label may indicate that the container
contains a vaccine. 15The invention also provides a process for
inserting a combination vaccine into a container and then extracting
the vaccine from the container, wherein: (a) the vaccine comprises
antigens for protecting a subject against at least diphtheria,
tetanus, pertussis and H. influenzae type b ('Bib'); (b) the antigen
for protecting against Hib is a conjugate of a Hib capsular
saccharide; and (c) the concentration of the Bib conjugate in the
vaccine is <15 pg/ml. 20 DTP components The diphtheria antigen is
preferably a diphtheria toxoid. The preparation of diphtheria toxoids
is well documented [e.g. chapter 13 of reference II]. Any suitable
diphtheria toxoid may be used. The concentration of diphtheria toxoid
is generally between 5 and 100 Lf/ml. A preferred concentration is
between 10 and 50 Lf/ml. A more preferred concentration is between 20
and 40 Lf/ml. Most  25 preferably, the concentration is about 30
Lf/ml, As an alternative, a preferred concentration is between 5 and
25 Lf/ml, a more preferred concentration is between 10 and 20 Lf/ml,
and a most preferred concentration is about 15 Lf/ml. Where an
acellular pertussis antigen is used, however, then a preferred
concentration for the diphtheria toxoid is about 50 Lf/m I. The
tetanus antigen is preferably a tetanus toxoid. The preparation of
tetanus toxoids is well  30 documented [e.g. chapter 27 of reference
II]. Any suitable tetanus toxoid may be used. The concentration of
tetanus toxoid is generally between 1 and 50 Lf/ml. A preferred
concentration is between 2 and 9 Lf/ml. A more preferred
concentration is between 5 and 8 Lf/ml. Most preferably, the
concentration is about 6.5 Lf/ml. Where an acellular pertussis
antigen is used, however, then a preferred concentration for the
diphtheria toxoid is about 20 Lifml. 35The pertussis antigen used
according to the invention may be cellular (e.g. whole cell) or
acellular. The preparation of both types of antigen is well
documented [e.g. see chapter 21 of reference 11; see -3-  also
reference 121. For cellular pertussis antigens, the concentration of
pertussis antigens is generally between 5 and 50 O13/ml. A preferred
concentration is between 10 and 40 OU/ml. A more preferred
concentration is between 25 and 35 OU/ml. Most preferably, the



The saccharide will typically be activated or functionalised prior to
conjugation. Activation may  5 involve, for example, cyanylating
reagents such as CDAP (e.g. 1-cyano-4-dimethylamino pyridinium
tetrafluoroborate [43,44,etc.]). Other suitable techniques use
carbodiimides, hydrazides, active esters, norborane, p-nitrobenzoic
acid, N-hydroxysuccinimide, S-NHS, EDC, TSTU; see also the
introduction to reference 22). Linkages via a linker group may be
made using any known procedure, for example, the procedures  10
described in references 45 and 46. One type of linkage involves
reductive amination of the 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
[20,47,48]. Other linkers include B-propionamido [49],
nitrophenyl-ethylamine [50], haloacyl halides [51], glycosidic
linkages [52], 6-aminocaproic acid [53], ADH [54], C4 to C12 moieties
[55] etc. As an alternative to using a  15 linker, direct linkage can
be used. Direct linkages to the protein may comprise oxidation of the
polysaccharide followed by reductive amination with the protein, as
described in, for example, references 56 and 57. A process involving
the introduction of amino groups into the saccharide (e.g. by
replacing terminal groups with -NH2) followed by derivatisation with
an adipic diester (e.g. adipic acid 20N-hydroxysuccinimido diester)
and reaction with carrier protein is preferred. Another preferred
reaction uses CDAP activation with a protein D carrier. After
conjugation, free and conjugated saccharides can be separated. There
are many suitable methods for this separation, including hydrophobic
chromatography, tangential ultrafiltration, diafiltration, etc. [see
also refs. 58 & 59, etc.]. If a vaccine comprises a given saccharide
in both free 25and conjugated forms, the unconjugated form is
preferably no more than 20% by weight of the total amount of that
saccharide in the composition as a whole (e.g. $15%, <10%, <5%, 9%,
<1%). A preferred conjugate comprises a Rib oligosaccharide
covalently linked to CRM122 via an adipic acid linker [60, 61].
Tetanus toxoid is also a preferred carrier.      Administration of
the Hib antigen preferably results in an anti-PRP antibody
concentration of 30>0.15m/rat, and more preferably >lpg/ml. These are
the standard acceptable response thresholds. The concentration of Hib
conjugate in vaccines of the invention is <15 jig/m1 e.g. <14 jig/ml,
<12m/ml, <10 jig/ml, <7.5 jig/ml, <5 pWml, <4 pg/ml, <3 pg/ml, $2
pg/ml, 51 pg/ml, etc. Where the carrier protein is not OMPC then it
is possible to use slightly higher doses e.g. <20 jig/ml, <19 pg/ml,
<18 pg/ml, <17 pg/ml, <16 pg/ml, etc. The concentration of Rib
conjugate in vaccines of  the invention will generally, however, be
at least 0.1 pg/ml e.g. >0.2 pg/m1, >0.3 pg/ml, >0.4 pent, >0.5
pg/ml, >0.6 pg/ml, >0.7 pg/ml, >0.8 jig/ml, >0.9 pg/ml, al.0 pg/ml,
>1.25 jig/ml, >1.5 gem}, >2.0 pg/ml, >3.5 jig/ml, etc. Thus preferred
ranges for the concentration of Hib conjugate in the vaccines are
from di to d2 lig/ml, where: (i) d1<d2; (ii) d, is selected from 0.1,
0.2, 0.3, 0.4, 0.5, 0.6, 50.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4,
1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.25, 2.5, 2.75, 3.0, 3.5 and 4.0; and
(iii) d2 is selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14 and 15. Concentrations of Hib conjugates are defined in the
description and the claims in terms of mass of saccharide (i.e. the
dose of the conjugate (carrier + saccharide) as a whole is higher
than the stated dose) in order to avoid variation due to choice of



The PO4/A13+ molar ratio of the aluminium phosphate will generally be
between 0.3 and 1.2, preferably between 0.8 and 1.2, and more
preferably 0.95+0.1. A typical adjuvant is amorphous aluminium
hydroxyphosphate with PO4/AI molar ratio between 0.84 and 0.92,
included at 0.6mg At/ml. The aluminium phosphate will generally be
amorphous, particularly for  hydroxyphosphate salts. The aluminium
phosphate will generally be particulate. Typical diameters of the
particles are in the range 0.5-20pm (e.g. about 5-10pm) after any
antigen adsorption. The PZC of aluminium phosphate is inversely
related to the degree of substitution of phosphate for hydroxyl, and
this degree of substitution can vary depending on reaction conditions
and  5 concentration of reactants used for preparing the salt by
precipitation. PZC is also altered by changing the concentration of
free phosphate ions in solution (more phosphate = more acidic pzc) or
by adding a buffer such as a histidine buffer (makes PZC more basic).
Aluminium phosphates used according to the invention will generally
have a PZC of between 5.0 and 7.0, more preferably between 5.5 and
6.0 e.g. about 5.7. 10The aluminium phosphate is preferably used in
the form of an aqueous solution to which antigens are added (NB: it
is standard to refer to aqueous aluminium phosphate as a "solution"
although, on a strict physicochemical view, the salt is insoluble and
forms a suspension). It is preferred to dilute the aluminium
phosphate to the required concentration and to ensure a homogenous
solution before the addition of the antigenic components. 15The
concentration of Al3+ prior to addition of antigens is generally
between 0 and 10 mg/ml. A preferred concentration is between 2 and 6
mg/ml. A more preferred concentration is between 4 and 5 mg/ml e.g.
4.4 mg/ml (corresponding to aluminium phosphate concentration of
20mg/m1). The concentration of Al3+ in final vaccines of the
invention is generally between 0.1 and 2.0 mg/ml. A preferred
concentration is between 0.2 and 1.5 mg/ml. A more preferred
concentration is between 0.3 20and 1.0 mg,/ml. Most preferably, the
concentration is about 0.6 mg/ml. An aluminium phosphate solution
used to prepare a vaccine of the invention may contain a buffer (e.g.
a phosphate or a histidine buffer), but this is not necessary. The
aluminium phosphate solution is preferably sterile and pyrogen-free.
The aluminium phosphate solution may include free aqueous phosphate
ions e.g. present at a concentration between 1.0 and 20mM, preferably
between Sand 15 25 mM, and more preferably about 10 mM. The aluminium
phosphate solution may also comprise sodium chloride. The
concentration of sodium chloride is preferably in the range of 0.1 to
100 mg/ml (e.g. 0.5-50 mg/ml, 1-20 mg.ml, 2-10 mg/ml) and is more
preferably about 3+1 mg/ml. The presence of NaCI facilitates the
correct measurement of pH prior to adsorption of antigens.
Although the use of aluminium salts as sole adjuvants is normal,
other adjuvants which may be 30included in vaccines of the invention
include, but are not limited to: A. Mineral-containing compositions
Mineral containing compositions suitable for use as adjuvants in the
invention include mineral salts, such as aluminium salts and calcium
salts. The invention includes mineral salts such as hydroxides (e.g
oxyhydroxides), phosphates (e.g. hydroxyphosphates, orthophosphates),
sulphates, etc. [e.g. see 35chapters 8 & 9 of ref. 65], or mixtures
of different mineral compounds, with the compounds taking  any
suitable form (e.g gel, crystalline, amorphous, etc.), and with
adsorption being preferred. The mineral containing compositions may



using these techniques have been identified, including QS7, QS17,
QSI8, QS21, QH-A, QH-B and QH-C. Preferably, the saponin is QS2I. A
method of production of QS21 is disclosed in ref. 68. 25Saponin
formulations may also comprise a sterol, such as cholesterol [69].
Combinations of saponins and cholesterols can be used to form unique
particles called immunostimulating complexs (ISCOMs) [chapter 23 of
ref. 65]. ISCOMs typically also include a phospholipid such as
phosphatidylethanolamine or phosphatidylcholine. Any known saponin
can be used in ISCOMs. Preferably, the ISCOM includes one or more of
QuilA, QHA and QHC. ISCOMs 30are further described in refs. 69-71.
Optionally, the ISCOMS may be devoid of additional detergent [72]. A
review of the development of saponin based adjuvants can be found in
refs. 73 & 74. D. Virosomes and virus-like particles    Virosomes and
virus-like particles (VLPs) can also be used as adjuvants in the
invention. These 35structures generally contain one or more proteins
from a virus optionally combined or formulated with a phospholipid.
They are generally non-pathogenic, non-replicating and generally do
not contain  any of the native viral genome. The viral proteins may
be recombinantly produced or isolated from whole viruses. These viral
proteins suitable for use in virosomes or VLPs include proteins
derived from influenza virus (such as HA or NA), Hepatitis B virus
(such as core or capsid proteins), Hepatitis E virus, measles virus,
Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, Retrovirus, 5
Norwalk virus, human Papilloma virus, HIV, RNA-phages, Q13-phage
(such as coat proteins), GAphage, fr-phage, AP205 phage, and Ty (such
as retrotransposon Ty protein pi). VLPs are discussed further in
refs. 75-80. Virosomes are discussed further in, for example, ref. 81
E. Bacterial or microbial derivatives    Adjuvants suitable for use
in the invention include bacterial or microbial derivatives such as
10non-toxic derivatives of enterobactcrial lipopolysaccharide (LPS),
Lipid A derivatives, immunostimulatory oligonucleotides and
ADP-ribosylating toxins and detoxified derivatives thereof. Non-toxic
derivatives of LPS include monophosphoryl lipid A (MPL) and
3-0-cleacylated MPL (3dMPL). 3dMPL is a mixture of 3 de-O-acylated
monophosphoiy1 lipid A with 4, 5 or 6 acylated chains. A preferred
"small particle" form of 3 De-O-acylated monophosphoryl lipid A is
disclosed in 15 ref. 82. Such "small particles" of 3dMPL are small
enough to be sterile filtered through a 0.22um membrane [82]. Other
non-toxic LPS derivatives include monophosphoryl lipid A mimics, such
as aminoalkyl glucosaminide phosphate derivatives e.g. RC-529
[83,84]. Lipid A derivatives include derivatives of lipid A from
Escherichia coli such as 0M-174. 0M-174 is described for example in
refs. 85 & 86. 20lmmunostimulatory oligonucleotides suitable for use
as adjuvants in the invention include nucleotide sequences containing
a CpG motif (a dinucleotide sequence containing an unmethylated
cytosine linked by a phosphate bond to a guanosine). Double-stranded
RNAs and oligonucleotides containing palindromic or poly(dG)
sequences have also been shown to be immunostimulatory. The CpG's can
include nucleotide modifications/analogs such as phosphorothioate
modifications and 25 can be double-stranded or single-stranded.
References 87, 88 and 89 disclose possible analog substitutions e.g.
replacement of guanosine with 2'-deoxy-7-deazaguanosine. The adjuvant
effect of CpG oligonucleotides is further discussed in refs. 90-95.
The CpG sequence may be directed to TLR9, such as the motif GTCGTT or
TTCGTT [96]. The CpG sequence may be specific for inducing a Thl



5 LT mutant such as LT-K63, LT-R72, and LT-G192. The use of
ADP-ribosylating toxins and detoxified derivaties thereof,
particularly LT-K63 and LT-R72, as adjuvants can be found in refs.
105-112. Numerical reference for amino acid substitutions is
preferably based on the alignments of the A and B subunits of
ADP-ribosylating toxins set forth in ref. 113, specifically
incorporated herein by reference in its entirety. 10 F. Human
immunomodulators Human immunomodulators suitable for use as adjuvants
in the invention include cytokines, such as interleukins (e.g. IL-1,
1L-2, IL-4, IL-5, IL-6, 1L-7, 1L-12 [114], etc.) [115], interferons
(e.g. interferon-y), macrophage colony stimulating factor, and tumor
necrosis factor. G. Bioadhesives and Mucoadhesives 15Bioadhesives and
mucoadhesives may also be used as adjuvants in the invention.
Suitable bioadhesives include esterified hyaluronic acid microspheres
[116] or mucoadhesives such as cross-linked derivatives of
poly(acrylic acid), polyvinyl alcohol, polyvinyl pyrollidone,
polysaccharides and carboxymethylcellulose. Chitosan and derivatives
thereof may also be used as adjuvants in the invention [117]. 20 H.
Microparticles Microparticles may also be used as adjuvants in the
invention. Microparticles (i.e. a particle of -100nm to -150um in
diameter, more preferably -200nm to -30am in diameter, and most
preferably -500nm to -10urn in diameter) formed from materials that
are biodegradable and non-toxic (e.g. a poly(a-hydroxy acid), a
polyhydroxybutyric acid, a polyorthoester, a polyanhydride, a 25
polycaprolactone, etc.), with poly(lactide-co-glycolide) are
preferred, optionally treated to have a negatively-charged surface
(e.g. with SDS) or a positively-charged surface (e.g. with a cationic
detergent, such as CTAB). I. Liposomes (Chapters 13 & 14 of ref 65)
Examples of liposome formulations suitable for use as adjuvants are
described in refs. 118-120. 30 .1 Poivoxyethylene ether and
polvoxyethylene ester formulations Adjuvants suitable for use in the
invention include polyoxyethylene ethers and polyoxyethylene esters
[121]. Such formulations further include polyoxyethylene sorbitan
ester surfactants in combination with an octoxynol [122] as well as
polyoxyethylene alkyl ethers or ester surfactants in combination with
at least one additional non-ionic surfactant such as an octoxynol
[123]. Preferred 35 polyoxyethylene ethers are selected from the
following group: polyoxyethylene-9-lauryl ether (laureth 9),
polyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether,
polyoxyethylene-4- lauryl ether, polyoxyethylene-35-lauryl ether, and
polyoxyethylene-23-lauryl ether. -10-   Polvphospharene (PCPP)  PCPP
formulations are described, for example, in refs. 124 and 125.
Muramvi peptides Examples of muramyl peptides suitable for use as
adjuvants in the invention include N-acetyl-  5
muramyl-L-threonyl-D-isoglutamine (thr-MDP),
N-acetyl-normuramya-alanyl-D.isoglutamine (norMDP), and
N-acetylmuramyl-L-alanyl-o-isoglutarninyl-L-alanine-2-(1L2'-dipalmito
yl-sn-glycero-3- hydroxyphosphotyloxy)-ethylamine MTP-PE). At
knidazo_quinolone Compounds.  Examples of imidazoquinolone compounds
suitable for use adjuvants in the invention include 101miquamod and
its homologues (e,g. "Resiquimod 3M"), described further in refs. 126
and 127. The invention may also comprise combinations of aspects of
one or more of the adjuvants identified above. For example, the
following adjuvant compositions may be used in the invention; (I) a
saponin and an oil-in-water emulsion [128]; (2) a saponin (e.g. QS21)



an outer-membrane vesicle (OMV) or bleb preparation from
Nmeningitidis serogroup B, such as those disclosed in refs. 140, 141,
142, 143, etc. 35- a protein antigen from N.meningitidis serogroup B,
such as those in refs. 144 to 150, with protein '287' (see below) and
derivatives (e.g. 'AG287') being particularly preferred.  polio
antigen(s) [e.g. 151, 152] such as WV. -11-  The composition may
comprise one or more of these further antigens. Antigens will
typically be present at a concentration of at least Igg/m1 each. In
general, the concentration of any given antigen will be sufficient to
elicit an immune response against that antigen. It is preferred that
the protective efficacy of individual saccharide antigens is not
removed by combining them, although actual 5immunogenicity (e.g.
ELISA titres) may be reduced. Where a saccharide antigen is used, it
is preferably conjugated to a carrier protein in order to enhance
immunogenicity. As an alternative to using protein antigens in the
composition of the invention, nucleic acid encoding the antigen may
be used [e.g. refs. 153 to 161]. Protein components of the
compositions of the 10 invention may thus be replaced by nucleic acid
(preferably DNA e.g. in the form of a plasmid) that encodes the
protein. Similarly, compositions of the invention may comprise
proteins which mimic saccharide antigens e.g. mimotopes [162] or
anti-idiotype antibodies. These may replace individual sac,charide
components, or may supplement them. As an example, the vaccine may
comprise a peptide mimic of the MenC [163] or the MenA [164] capsular
polysaccharide in place of the 15saccharide itself. Where a vaccine
of the invention includes a hepatitis B surface antigen ('HBsAg'),
this antigen can be made in two ways. The first method involves
purifying the antigen in particulate form from the plasma of chronic
hepatitis B carriers, as large quantities of HBsAg are synthesized in
the liver and released into the blood stream during an HBV infection.
The second way is preferred and involves 20 expressing the protein by
recombinant DNA methods. It is preferred that the HBsAg is prepared
by expression in the Saccharamyces cerevisiae yeast. The HBsAg gene
may be inserted into a plasmid, and its expression from the plasmid
may be controlled by a promoter such as the `GAPDH' promoter (from
the glyceraldehyde-3-phosphate dehydrogenase gene). The yeast may be
cultured in a synthetic medium. HBsAg can then be purified by a
process involving steps such as precipitation, ion 25exchange
chromatography, and ultrafiltration. After purification, HBsAg may be
subjected to dialysis (e.g with cysteine). The HBsAg may be used in a
particulate form. Where a vaccine of the invention includes a polio
antigen, it is preferred to use three poliovirus antigens -
poliovirus Type 1 (e.g. Mahoney strain), poliovirus Type 2 (e.g.
MEF-1 strain), and poliovirus Type 3 (e.g. Saukett strain).
Polioviruses may be grown in cell culture. A preferred culture  30
uses a VERO cell line, which is a continuous cell line derived from
monkey kidney. VERO cells can conveniently be cultured microcarriers.
Culture of the VERO cells before and during viral infection may
involve the use of bovine-derived material, such as calf serum, and
this material should be obtained from sources which are free from
bovine spongiform encephalitis (USE). Culture may also involve
materials such as lactalbumin hydrolysate. After growth, virions may
be purified using 35techniques such as ultrafiltration,
diafiltration, and chromatography. Prior to administration to
patients, the viruses must be inactivated, and this can be achieved



Compositions of the invention are in aqueous form i.e. solutions or
suspensions. Liquid formulation  25 of this type allows the
compositions to be administered direct from their packaged form,
without the need for reconstitution in an aqueous medium, and are
thus ideal for injection. Compositions may be presented in vials, or
they may be presented in ready-filled syringes. The syringes may be
supplied with or without needles. A syringe will include a single
dose of the composition, whereas a vial may include a single dose or
multiple doses. 30Liquid vaccines of the invention are also suitable
for reconstituting other vaccines from a lyophilised form. Where a
vaccine is to be used for such extemporaneous reconstitution, the
invention provides a kit, which may comprise two vials, or may
comprise one ready-filled syringe and one vial, with the contents of
the syringe being used to reactivate the contents of the vial prior
to injection. Vaccines of the invention may be packaged in unit dose
form or in multiple dose form. For multiple 35dose forms, vials are
preferred to pre-filled syringes. Effective dosage volumes can be
routinely established, but a typical human dose of the composition
for injection has a volume of 0.5m1. -13-  Vaccines of the invention
generally have a pH of between 6.0 and 8.0, more preferably between
6.3 and 6.9 e.g. 6.6+0.2. Vaccines are preferably buffered at this
pH. Stable pH may be maintained by the use of a buffer. If a
composition comprises an aluminium hydroxide salt, it is preferred to
use a histidine buffer [168]. The composition may be sterile and/or
pyrogen-free. Aluminium phosphate  5 and whole cell pertussis
antigens are incompatible with filter sterilisation and so, when a
composition of the invention includes one of these components, it is
preferred to sterilise the composition of the invention by
autoclaving and/or to use sterile components in its production.
Compositions of the invention may be isotonic with respect to humans.
Vaccines of the invention may include an antimicrobial, particularly
when packaged in multiple dose  10 format. Many antimicrobials are
mercury-based (e.g. thiomersal), although mercurial preservatives are
preferably avoided e.g. 2-phenoxyethanol may be used. Any
preservative is preferably present at low levels (e.g. 0.01% by
volume). Preservative may be added exogenously and/or may be a
component of the bulk antigens which are mixed to form the
composition (e.g present as a preservative in pertussis antigens).
15Vaccines of the invention may comprise detergent e.g. a Tween
(polysorbate), such as Tween 80. Detergents are generally present at
low levels e.g. <0.01%. Vaccines of the invention may include sodium
salts (e.g. sodium chloride) to give tonicity. The composition may
comprise sodium chloride. The concentration of sodium chloride in the
composition is preferably in the range of 0.1 to 100 mg/ml (e.g. 1-50
mg/ml, 2-20 mg/ml, 5-15 20 mg/m1) and is more preferably
10+2mg/m1NaCI e.g. about 9 mg/ml. Vaccines of the invention will
generally include a buffer. A phosphate or histidine buffer is
typical, Vaccines of the invention may include free phosphate ions in
solution (e.g. by the use of a phosphate buffer) in order to favour.
non-adsorption of antigens. The concentration of free phosphate ions
in the composition of the invention is generally between 0.1 and 10.0
mM, preferably between 1 and 5 mM, 25 and more preferably about 2.5
mM. Packaging of vaccines of the invention Vaccines of the invention
can be packaged in various types of container e.g. in vials, in
syringes, etc. For prior art DTP-Hib vaccines that require



labelled while they are in separate DTP and Nib formats, whereas the
invention allows labelling of the vaccine in its final DTP-Hib
format. Furthermore, prior art reconstituted DTP-Hib vaccines are
withdrawn from their containers in DTP-Hib form but they are not
inserted into the containers in that form. According to the
invention, 10 however, such DTP-Hib vaccines can be both inserted and
extracted in the admixed DTP-Hib form. The time between insertion and
extraction can be at least it weeks, where it is selected from 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more. Extraction will
generally be via the needle (e.g. the needle of a sterile delivery
device, such as a syringe), although insertion into the container
will usually be from a manufacturing line rather than from a delivery
device. 15 Preparing vaccines of the invention Vaccines of the
invention contain at least DTP-Hib antigens, and their preparation
thus involves admixing these four antigens. Unlike the preparation of
reconstituted prior art DTP-Hib vaccines, the invention can provide a
preparation process that does not include a step of lyophilisation of
the Bib conjugate. Similarly, the invention is able to provide a
preparation process that does not include a 20 step of packaging
admixed DTP antigens separately from Hib antigen. During preparation,
antigens which are added are generally not already adsorbed onto an
aluminium salt (Le. they are not 'pre-adsorbed'). It is thus
preferred that, for each of the antigens which is added, no more than
5% by weight (preferably none) is already adsorbed to an aluminium
salt (e.g. at most 4%, at most 3%, or at most 2%). In some
situations, however, pre-adsorbed antigens may be added. 25A typical
process for preparing bulk vaccine of the invention will add the Bib
component to a mixture of the D, T and P components i.e. the DTP
components are mixed prior to addition of the Nib component. This
order of mixing allows the ionic strength and/or pH of the
composition to be adjusted (e.g. pli<7) prior to addition of the Hib
component in order to prevent adsorption to any aluminium adjuvant
that may be present. 30Vaccines of the invention are preferably
prepared at between 15C and 30C (e.g. between 19C and 27C, or at
23-F4C). Administration of vaccines of the invention The invention
provides a method for raising an antibody response in a mammal,
comprising administering a vaccine of the invention to the mammal.
The vaccines can be administered 35prophylactically (i.e. to prevent
infection) or therapeutically (i.e. to treat disease after
infection). -15-  The invention provides a method for raising an
immune response in a mammal, comprising the step of administering an
effective amount of a vaccine of the invention. The immune response
is preferably protective and preferably involves antibodies. The
method may raise a booster response. The mammal is preferably a
human. Where the vaccine is for prophylactic use, the human is  5
preferably a child (e.g. a toddler or infant) or a teenager; 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, irnmunogenicity, etc.   The invention
also provides compositions of the invention for use as a medicament.
The medicament is preferably able to raise an immune response in a
mammal (Le. it is an immunogenic composition) 10and is more
preferably a vaccine. The invention also provides the use of at least
diphtheria, tetanus, pertussis and H.influenme type b ('Hib')
antigens in the manufacture of a combined vaccine for the



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.
5between 4-16 weeks), and between priming and boosting, can be
routinely determined. Bacterial infections affect various areas of
the body and so the compositions of the invention may be prepared in
various forms. For example, the compositions may be prepared as
injectables, either as liquid solutions or suspensions. The
composition may be prepared for pulmonary administration e.g. as an
inhaler, using a fine powder or a spray. The composition may be
prepared as a suppository or  10 pessary. The composition may be
prepared for nasal, aural or ocular administration e.g. as spray,
drops, gel or powder [e.g. refs 170 & 171]. Successful intranasal
administration of Hib saccharides [172] and DTP vaccines [173,174]
has been reported. General      The term "comprising" encompasses
"including" as well as "consisting" e.g. a composition 15"comprising"
X may consist exclusively of X or may include something additional
e.g. X + Y. The term "about" in relation to a numerical value x
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.
20 BRIEF DESCRIPTION OF DRAWINGS Figure 1 shows anti-PR? GMTs and 95%
confidence intervals in the vaccine groups A, B, C and D. MODES FOR
CARRYING OUT THE INVENTION Four DTwP-Hib vaccine formulations were
prepared, differing only in their dose of Hib-CRM197 conjugate.
Vaccines were prepared as 0.5m1 doses with the following antigenic
compositions:  A  B   C D 11751 Hib-CRM197 conjugate (pg saccharide
per dose) 1.25  2.5   5 10 Diphtheria toxoid (Lf per dose)    15  



Tetanus toxoid (Lf per dose)    3.2  Inactivated B.pertussis
organisms (OU per dose)    15  Aluminium phosphate adjuvant (mg AP
per dose)    0.3  MCI (mg per dose)    4.5  Merthiolate    Trace  Rib
fraction relative to ref. 175 1/4 1 1/4  



1   25  The production process was essentially as follows: start with
wfi; add the aluminium phosphate adjuvant; add the D component; add
the T component; add the wP component; add NaCI; check and adjust pH;
and add the Hib component. Contrary to the statement in reference
175, the Hib component does not adsorb to the adjuvant. 5Stability
Two stability studies were performed: one under normal storage
conditions at 2-8C for 2 years, and another under accelerated
conditions at 37C for 14 days. Vaccines were tested after storage in
an upright or an inverted position. Stability was assessed by
determining pH and free saccharide. Results of the first study were
as follows:  RELATIVE HID DOSE Months Parameter 1 1/2 1/4 1/8 0 PH
6.7 6.5 6.5 6.6  V. free sacc 2.9 <3.6 <7.2 <14.4 6 PH 6.8 6.7 6.7
6.7 



% free sacc 2.6 <3.6 <7.2 <14.5 12 PH 7.0 6.9 6.9 7.0  To free sacc
4.8 5.1 2.5 4.4 24 PH 7.1 7.0 7.0 7.1  % free sacc 6.1 18 5.6 5.0  10
Results of the accelerated stability study were as follows:  RELATIVE
HID DOSE 



Time Parameter 1 1/2 1/4 1/8 0 PH 6.7 6.5 6.5 6.6  % free sacc 2.2
<3.6 <7.2 <14.4 14 days upright 141 - - - -  V. free mice 4.2 5.1
<7.2 <14.5 14 days inverted pH 6.8 6.7 



6.7 6.8  % free sacc 5.0 5.6 <7.2 <14.5  The vaccines are hus stable
over extended periods. Adsorption was tested over the same timescale,
and the Rib conjugate remains unadsorbed during storage. ISClinical
testing A total of 261 infants were enrolled and randomised to
receive one of the four vaccines in a double-blind trial to evaluate
safety and immunogenicity (cf the studies in references 6,8 and 9,
which were either partially blinded or open). Three month-old infants
in good health, born at >37 weeks of gestation with a minimum birth
weight of 2500 g, and eligible for the local Ell, were enrolled and
20randomised in a 66:65:65:65 A:B:C:D ratio to receive three single
intramuscular doses of one of the  vaccines at 3, 4 and 5 months of
age. In accordance with the local EPI, subjects received oral polio
vaccine (OPV) in parallel at 2, 4 and 6. Mean age at enrolment was 94
(range 69-108) days and no difference was observed among the four
vaccine groups in terms of sex, race, weight and height distribution.
Patients were followed for  5 post-injection reactions and adverse
events. months of age. A total of 260 subjects were included in the
safety analyses (65 for each of the four vaccine groups), and 251 in
the immunogenicity analyses (61 in group A. 64 each in groups B and
C, and 62 in group D). Nine subjects did not complete the study as
their parents/legal guardians withdrew their consent before study
completion (5 subjects in group A, 1 subject in group B and 3
subjects in group D). 10 Blood samples were obtained at baseline and
one month after the third dose. Anti-PRP, anti-pertussis,
anti-diphtheria and anti-tetanus antibodies were measured. IgG
anti-PRY antibodies were measured by a modified ELISA adapted from
the FDA ELISA method [176]. IgG anti-diphtheria toxin antibodies and
IgG anti-tetanus toxin antibody were quantified by ELBA. Serological
markers for B.perfussis (anti-pertaetin and anti-Agg2-3) were also
measured by EL1SA. 15 Safety and reactogenici0 Subjects were
monitored by study staff for 30 minutes after each vaccine dose.
Parents were asked to record on a diary the daily rectal temperature
and local and systemic reactions for seven days following each
injection. Additionally, study personnel actively contacted the
parents/legal guardians by telephone on the second and seventh day
following each vaccination to obtain particulars of any  20 adverse
events. Occurrence of adverse events, or serious adverse events and
those necessitating physician visit and/or any medication were
critically examined and recorded throughout the study duration.
Subjects who received at least one vaccination were included in
safety analyses.    Local and systemic reactions were mostly mild and
transient. The most frequent were tenderness, erythema and induration
for local reactions, and irritability, sleepiness and unusual crying
for 25systemic reactions: I A: 1.25 pg B: 2.5 pg C: 5 pgj D: 1O &g
Local     Tenderness- any (Cried when injected limb was moved) 



48(74%) 16(25%) 53 (82%) 19 (29%) 52 (80%) 16(25%) 49(75%) 15 (23%)
Erythema - any (>50 mm) 31(48%) 6(9%) 29(45%) 50%) 37(57%) 7 (I I%)
31(48%) 4(6%) Induration - any (>50mm) 27 (42%) 3(5%) 21(32%) 4(6%)
25(38%) 6(9%) 24(37%) 3(5%) Systemic     Rash 3(5%) 4 (6%) 3 (5%)
3(5%) 



Change in Eating Habits 20(31%) 16 (25%) 26(40%) 27(42%) Sleepiness
41(63%) 49 (75%) 44(68%) 39 (60%)   Unusual Crying 29 (45%) 23 (35%)
32(49%) 29 (45%) - Persistent Crying 10(15%) 8(12%) 10(15%) 7(11%)
Irritability 47(72%) 53 (82%) 50(77%) 49(75%) Vomiting 5(8%) 6(9%)
9(14%) 7(11%) Diarrhoea 17(26%) 24(37%) 



22(34%) 18(28%) Other     Rectal Tempura= 2 38.5C - <40.5C 2 40.5C
14(22%) 0 (0%) 21(32%) 0(0%) 10(15%) 0 (0%) 12(18%) 0(0%) Use of
analgesic/antipyretic medication 33 (51%) 43 (66%) 28(43%) 33 (51%)
No significant differences were observed among the four vaccine
groups, and all post-vaccination reactions resolved without sequelae.
There were no serious adverse events reported as related to study
vaccines. 5 Immunogenicior Anti-PRP seroconversion rates (% patients
seroconverted) were as follows:  1.25 pg 2311g 5 pg Ion Titre 0.15
pg/m1 a1.0 pg/m1 A.15 pg/m1 a0 sal 



XL I 5pg/m1 al.0 pg/m1 20.15 pg/ml a LO pg/m1 Pre 47% 12% 30% 6% 32%
6% 34% 4% Post 98% 90% 97% 88% 98% 97% 100% 95%  Anti-pertussis
seroconversion rates were assessed by looking at (a) increases of
anti-pertactin and anti-Agg2-3 responses, and (b) GMTs. Results (%
patients) were as follows:  1.25 pg 2.5 pg $ pg 10 pg Anti-pertactin
% patients with 2-fold increase 



91% 95% 88% 94% % patients with 4-fold increase 80% 83% 78% 89%
Anti-pertactin GMT (pg/m1) 19 21 24 20 Anti-Agg2-3     % patients
with 2-fold increase 81% 81% 83% 80% % patients with 4-fold increase
70% 80% 78% 71% Anti-Agg2-3 GMT (pg/m1) 87 77 66 76  



10 Anti-diphtheria and anti-tetanus GliviTs were as follows:  1.25 pg
2.5 pg 5 pg 10 pg Anti-diphtheria GMT (gg/m1) 1.33 1.65 1.49 4.70
Anti-tetanus GMT (gg/m1) 4.89 5.10 5.24 5.16  The proportion of
subjects with anti-PR? titres >0,15pg/mL was thus similar in the four
vaccine groups, but the proportion of subjects with anti-PR? titres
>1.0ugiml was higher in groups C and D 15 (97% and 95% respectively)
than in groups A and B (90% and 88% respectively). Anti-PRY GMTs
show a clear dose-response effect, being similar between groups A
(6.94 pig/ml) and B (7.82 pt/m1), and between groups C (17 pg/mL) and
D (18 gg/mL), but significantly lower in groups A and B when compared
with both C and D groups (Figure I).  One month after the third
vaccination, all subjects in each of the four vaccine groups
seroconverted  5 to diphtheria and tetanus (antibody level >0.1
IU/mL). No appreciable differences were observed in GMTs among the
four vaccine groups. No differences were observed among the four
vaccine groups in the proportion of subjects with a 2- -or 4-fold
increase of anti-pertactin and anti-Agg2-3 antibodies compared with
baseline. GMTs among the four vaccination groups were also similar.
10 Conclusions The DTwPHib vaccine formulations with fractional doses
of 5, 2.5 or 1.25 pig Nib-conjugate per dose were as immunogenic as
the reference I Ogg formulation, as far as seroconversion rates were
concerned. High and equivalent levels of anti-PRP GMTs were elicited
by the formulations with I Opg or 5pg of conjugate. Although
formulations with 2.5 jig and 1.25gg of conjugate per dose 15
elicited lower anti-PRP GMTs, they were adequately immunogenic. Thus
the work confirms that the amount of [fib antigen can be reduced as
low as 1.25 pig per dose in an appropriate formulation containing DTP
vaccines without affecting the protective efficacy of other vaccine
components. All four formulations of the DTP-Hib vaccine were safe
and immunogenic for all vaccine  20 components. In terms of anti-PRP
seroprotection rates, the four formulations were equally immunogenic,
both in the short term (titres >0.15 pg/mL) and in the long term
(titres >I gg/mL). The formulation containing 5 jig conjugate was as
immunogenic as the reference formulation containing 10 pig, and for
both formulations the anti-PRP GMTs were particularly high (17 and 18
gg/mL). The formulations containing 1.25 and 2.5 pig conjugate were
highly immunogenic when compared with 25the immune responses observed
in other studies using fractional doses of Nib vaccines (6,8,9).
Further information can be found in reference 177. It will be
understood that the invention has been described by way of example
only and modifications may be made whilst remaining within the scope
and spirit of the invention.  
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CLAIMS 1. A liquid combination vaccine comprising antigens for
protecting a subject against at least diphtheria (D'), tetanus (T),
pertussis ('P') and Haemophilus influenzae type b ('Rib'), wherein:
(a) the antigen for protecting against Rib is a conjugate of a Rib
capsular saccharide; (b) the concentration of the Hib conjugate in
the vaccine is <15 jig/m1; (c) the vaccine includes an aluminium
phosphate adjuvant; (d) no more than 15% by weight of the Rib
conjugate in the vaccine is adsorbed to aluminium phosphate; (e) the
vaccine does not contain an aluminium hydroxide adjuvant; and (f) the
vaccine does not contain an aluminium potassium sulphate adjuvant. 2.
A vial having a piercable seal and containing a liquid combination
vaccine, which combination vaccine comprises antigensfor protecting a
subject against at least diphtheria, tetanus, pertussis and
H.influenzaetype b ('Rib'), wherein the antigen for protecting
against Rib is a conjugate of a Rib capsular saccharide, and wherein:
(a) the concentration of the Rib conjugate in the vaccine is <15
ag/ml; (b) the vial's piercable seal has not been pierced; (c) the
vaccine includes an aluminium phosphate adjuvant; (d) no more than
15% by weight of the Rib conjugate in the vaccine is adsorbed to
aluminium phosphate; (e) the vaccine does not contain an aluminium
hydroxide adjuvant; and (f) the vaccine does not contain an aluminium
potassium sulphate adjuvant. 3. A hermetically-sealed container
containing a liquid combination vaccine comprising antigens for
protecting a subject against at least diphtheria, tetanus, pertussis
and Hinfluenzae type b ('Rib'), wherein: (a) the antigen for
protecting against Rib is a conjugate of a Rib capsular saccharide;
(b) the concentration of the Rib conjugate in the vaccine is <15
jig/m1; (c) the vaccine includes an aluminium phosphate adjuvant; (d)
no more than 15% by weight of the Rib conjugate in the vaccine is
adsorbed to aluminium phosphate; (e) the vaccine does not contain an
aluminium hydroxide adjuvant; and (f) the vaccine does not contain an
aluminium potassium sulphate adjuvant. 4. A process for preparing a
liquid combination vaccine comprising antigens for protecting a
subject against at least diphtheria, tetanus, pertussis and
H.influenzae type b ('Rib'), wherein: (a) the antigen for protecting
against Rib is a conjugate of a Rib capsular saccharide; (h) the
concentration of Rib conjugate in the vaccine is <15 jig/m1; (c) the
vaccine includes an aluminium phosphate adjuvant; (d) no more than
15% by weight of the Rib conjugate in the vaccine is adsorbed to
aluminium phosphate; (e) the vaccine does not contain an aluminium
hydroxide adjuvant; and (f) the vaccine does not contain an aluminium
potassium sulphate adjuvant, characterised in that the process does
not include one or both of the following steps: (a) a step of
lyophilisation of the Rib conjugate antigen; (b) a step of packaging
the diphtheria, tetanus and pertussis antigens in admixed form
separately from the Rib conjugate antigen. 5. A process for inserting
a liquid combination vaccine into a container, wherein: (a) the
vaccine comprises antigens for protecting a subject against at least
diphtheria, tetanus, pertussis and Winfluenzae type b ('Rib'); (b)
the antigen for protecting against Rib is a conjugate of a Rib
capsular saccharide; (c) the concentration of the Rib conjugate in


