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PREPARATION OF INFLUENZA VIRUS
VACCINE ANTIGENS

RELATED APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 12/933,379, with an international filing
date of Mar. 18, 2009, which is the U.S. National Stage of
International Patent Application No. PCT/IB2009/005122,
filed Mar. 18, 2009, which claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Application No. 61/069,868, the
disclosures of which are herein incorporated by reference in
their entirety.

[0002] All documents cited herein are hereby incorporated
by reference in their entirety.

TECHNICAL FIELD
[0003] This invention is in the field of influenza vaccine
preparation.

BACKGROUND ART
[0004] Influenza vaccines currently in general use are

described in chapters 17 & 18 of reference 1. They are based
on live virus or inactivated virus, and inactivated vaccines can
be based on whole virus, “split” virus or on purified surface

antigens (including hemagglutinin and also, usually,
neuraminidase).
[0005] A wvariety of different procedures are known for

preparing both split and surface antigen vaccines. For
example, various splitting procedures are disclosed in refer-
ences 2-8, and different methods for preparing surface anti-
gen vaccines are disclosed in references 9-14.

[0006] Itisan object of the invention to provide further and
improved methods for preparing split and surface antigen
vaccines.

DISCLOSURE OF THE INVENTION

[0007] Theinventorhas devised a number of improvements
to existing processes for preparing vaccine antigens from
disintegrated influenza viruses.

Modified Timing of Detergent Use

[0008] Inan existing purification process, influenza virions
are exposed to a first detergent (e.g. a polysorbate, such as
polysorbate 80) prior to splitting by a second detergent (e.g.
CTAB). The first detergent is used prior to virus inactivation,
whereas the second detergent is added after inactivation. The
second detergent is removed later in the process, but the first
detergent remains, thereby facilitating antigen solubility. In
contrast, according to a first aspect of the present invention
the first detergent is used later in the process, and in particular
after the second detergent has already been used for splitting
virions. This change in timing and order has been associated
with a >20-fold increase in antigen yield, in particular with a
HS subtype influenza A virus.

[0009] Thus the invention provides a process for disrupting
influenza vlnons, comprising steps of: (i) obtaining a compo-
sition comprising influenza virions in the absence of deter-
gent; (ii) inactivating the influenza virions in the absence of
detergent; (iii) splitting the inactivated virions with a reagent
comprising a first detergent; and (iv) exchanging the first
detergent for a second detergent. The detergent exchange step
may occur any time after the splitting step, but ideally occurs
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prior to a step of virion capture e.g. by a process selected from
affinity capture, pseudo-affinity capture, chromatography or
adsorption (see below). Thus the second detergent may be
added after splitting but before virion capture. Further quan-
tities of the second detergent may be added after virion cap-
ture, particularly if the amount of second detergent previously
added was less than 1.5 g/L..

[0010] Disrupted virions obtained by this process can be
used for the preparation of influenza vaccines.

[0011] Theinvention also provides, ina process for disrupt-
ing influenza virions, the improvements consisting of: inac-
tivating influenza virions in the absence of detergent; splitting
the inactivated virions with a reagent comprising a first deter-
gent; and exchanging the first detergent for a second detergent
after splitting.

[0012] In alternative embodiments of the first aspect, the
second detergent is added after inactivation but before split-
ting. Thus the invention provides a process for disrupting
influenza virions, comprising steps of: (i) obtaining a com-
position comprising influenza virions in the absence of deter-
gent; (ii) inactivating the influenza virions in the absence of
detergent; (iii) adding a second detergent without splitting the
inactivated virions; (iv) splitting the inactivated virions in the
presence of the second detergent with a reagent comprising a
first detergent; and (v) removing the first detergent while
retaining the second detergent.

[0013] Disrupted virions obtained by this process can be
used for the preparation of influenza vaccines.

[0014] Theinvention also provides, ina process for disrupt-
ing influenza virions, the improvements consisting of: inac-
tivating influenza virions in the absence of detergent; splitting
the inactivated virions with a reagent comprising a first deter-
gent, in the presence of a second detergent; and removing the
first detergent after splitting while retaining the second deter-
gent.

[0015] In a further alternative embodiment with modified
timing of detergent use, a detergent is added prior to virion
inactivation, but after an ultrafiltration/diafiltration step per-
formed on virions. Thus the invention provides a process for
disrupting influenza virions, comprising steps of: (i) obtain-
ing a composition comprising influenza virions in the absence
of detergent; (ii) performing ultrafiltration/diafiltration on the
virion-containing composition; (iii) adding a detergent to the
filtered virion-containing composition without splitting the
virions; and (iv) inactivating the influenza virions. The pro-
cess may include a further step of (v) splitting the inactivated
virions with a detergent. The detergent used in step (v) may be
different from the detergent used in step (iii). Further quan-
tities of the same detergent which was used in step (iii) may be
added after step (v), particularly if the amount of detergent
added in step (iii) was less than 1.5 g/L..

[0016] In embodiments where further quantities of deter-
gent are added when the previously-added amount was less
than 1.5 g/L, the further addition may take place prior to a
further ultrafiltration/diafiltration step.

Improved Splitting Procedure

[0017] Splitting procedures for influenza vaccines involve
the treatment of virions with solubilising concentrations of
detergents. Suitable detergents include the polysorbates
(Tweens) [6], Triton X-100 [6,10,15], cetyl trimethyl ammo-
nium bromide (CTAB) [9,16], and deoxycholate [2,17].

[0018] Inanexisting purification process, influenza virions
are split by exposure to detergent in the presence of 20 mM
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Tris/HCI. In contrast, according to a second aspect of the
present invention the detergent is used in the presence of a
buffer with a higher ionic strength. Thus the invention pro-
vides a process for disrupting influenza virions, comprising
steps of: (i) obtaining a composition comprising influenza
virions; (ii) splitting the virions by exposure to a detergent in
a buffer having an ionic strength of 100 mM or greater. This
increased ionic strength has been associated with a >20-fold
increase in antigen yield, in particular with a HS subtype
influenza A virus.

[0019] Disrupted virions obtained by this process can be
used for the preparation of influenza vaccines.

[0020] Useful buffers have an ionic strength of at least 100
mM e.g. 2200 mM, =300 mM, =400 mM, =500 mM, =600
mM, 2700 mM, =800 mM, etc. This higher ionic strength can
be achieved in various ways e.g. by using monovalent ions
(e.g. NaCl), divalent ions (e.g. sulphates), trivalent ions (e.g.
phosphates), etc. The use of trivalent ions is a convenient way
of increasing ionic strength. One suitable buffer, particularly
when used in a CTAB-based splitting procedure, includes 200
mM NaCl in a 50 mM phosphate buffer, pH 7.5. Care should
be taken when increasing the ionic strength during splitting,
particularly for viruses grown in cell culture, so as to avoid the
solubilisation of high amounts of DNA that will then be
retained during further processing steps.

[0021] Theinvention also provides, in a process for disrupt-
ing influenza virions, the improvements consisting of: split-
ting virions using a detergent in a buffer having an ionic
strength of 100 mM or greater.

Phosphate Buffer

[0022] Inan existing purification process, influenza virions
are maintained before, during and after splitting in a Tris
buffer. In contrast, according to a third aspect of the present
invention the virions are maintained before, during and after
splitting in a phosphate bufter. This buffer change has been
associated with a >20-fold increase in antigen yield, in par-
ticular with a HS subtype influenza A virus.

[0023] Thus the invention provides a process for disrupting
influenza virions, comprising steps of: (i) obtaining a com-
position comprising influenza virions in the presence of a
phosphate buffer, (ii) inactivating the influenza virions in the
presence of a phosphate buffer; and (iii) splitting the inacti-
vated virions in the presence of a phosphate buffer.

[0024] Disrupted virions obtained by this process can be
used for the preparation of influenza vaccines.

[0025] Useful phosphate bufters have a pH between 6.5 and
8.5 e.g. between 7.0 and 8.0, or about 7.5.

[0026] Theinvention also provides, in a process for disrupt-
ing influenza virions, the improvement consisting of: inacti-
vating and then splitting virions both in the presence of a
phosphate buffer.

Ultrafiltration Membrane

[0027] In an existing purification process, semi-purified
post-splitting influenza surface antigens are further purified
by ultrafiltration/diafiltration through a polyethersulfone
(PES) membrane. In contrast, according to a fourth aspect of
the present invention the ultrafiltration uses a cellulose mem-
brane. This membrane change, which reduces hydrophobic-
ity and protein retention, has been associated with a >20-fold
increase in antigen yield, in particular with a HS subtype
influenza A virus.
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[0028] Thus the invention provides a process for purifying
influenza virus surface glycoproteins from a mixture com-
prising said glycoproteins, comprising a step of ultrafiltering
said mixture through a cellulose membrane. Purified glyco-
proteins obtained by this process can be used for the prepa-
ration of influenza vaccines.

[0029] The invention also provides, in a process for purify-
ing influenza virus surface glycoproteins from a mixture
comprising said glycoproteins by ultrafiltration, the improve-
ment consisting of using a cellulose ultrafiltration membrane.
[0030] Various types of cellulose membrane can be used.
These can be based on cellulose itself, cellulose esters (e.g. a
diacetate, a triacetate, a nitrate, etc.), or mixtures thereof. For
instance, reference 18 discloses membranes having a non-
fibrous polymeric microporous base with a membrane layer
formed from cellulose and/or cellulose acetate. The mem-
brane layer can have a thickness between 1 and 20 pum and can
extend into the microporous base by between 5-30 um. Ref-
erence 19 discloses asymmetrical ultrafiltration membranes
based on cellulose triacetate, optionally substituted by up to
30% cellulose diacetate. Reference 20 discloses diafiltration
membranes in the form of a hollow fiber with a continuous
internal cavity made of cellulose acetate or a cellulose acetate
derivative.

Introduction of an Additional Process Step Prior to the First
Chromatography Step

[0031] To separate influenza virions from cell culture fer-
mentation medium components in an existing purification
process, influenza virions are captured from the culture har-
vest on a resin. It has been observed that binding to the resin
is incomplete for some strains.

[0032] According to a fourth aspect of the present inven-
tion, prior to the capture step the virus harvest is subjected to
anultra-/diafiltration step into a low conductivity buffer. This
initial step can result in up to a 10-fold increase of antigen
yield depending on the influenza virus strain, and is particu-
larly useful for virions that do not bind to the capture agent.
[0033] Thus the invention provides a process for treating a
liquid medium containing influenza virions, comprising a
step of diafiltration of the liquid medium to provide a virion-
containing retentate including a low conductivity buffer. The
retentate can then be treated further e.g. by affinity capture,
adsorption, chromatography, etc.

[0034] The invention also provides, in a process for sepa-
rating influenza virions from a liquid medium containing
them, the improvement consisting of diafiltering the liquid
medium to provide a virion-containing retentate including a
low conductivity buffer, prior to separation.

[0035] The invention also provides a process for separating
influenza virions from a liquid medium containing the viri-
ons, comprising steps of: (i) diafiltration of the liquid medium
to provide a virion-containing retentate including a low con-
ductivity buffer; and then (ii) capturing virions from the reten-
tate by a process selected from affinity capture, pseudo-affin-
ity capture, chromatography or adsorption.

[0036] Retentates and virions obtained by these processes
can be used for preparation of influenza vaccines.

[0037] Diafiltration utilizes permeable membrane filters to
separate the components of solutions and suspensions based
on their molecular size. Small components can pass through
the membrane to form a filtrate, whereas larger components
(e.g. virions) cannot, and so are retained. Diafiltration can be
used to reduce the concentration of salts, solvents, or other
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low molecular weight species in a liquid medium, and option-
ally to introduce new species (e.g. to exchange buffers). Dia-
filtration can be either continuous or discontinuous. Continu-
ous diafiltration involves washing out original low molecular
weight species by adding water or buffer to the sample at
substantially the same rate as filtrate is being generated. If a
buffer is used for diafiltration then the concentration of the
new buffer salt in the sample increases at a rate inversely
proportional to that of the species being removed. Using
continuous diafiltration, greater than 99.5% of a 100% per-
meable solute can typically be removed by washing through
six equivalent sample volumes with the buffer of choice.
Discontinuous diafiltration dilutes a sample with an volume
of water or buffer and then concentrates back to the original
volume. Continuous diafiltration is preferred with the present
invention. Typically diafiltration of the medium will involve
at least two (e.g. 3,4, 5, 6, 7, 8,9, 10 or more) diafiltration
volumes (i.e. at least 2x the volume of the sample at the start
of diafiltration).

[0038] The diafiltration can use any suitable membrane
(e.g. PES, celluloses, etc. as discussed above) in any suitable
form (e.g. hollow fire, cassette, spirals, etc.). The membrane
will have a cut-off limit that retains virions e.g. 500 kDa.
[0039] The diafiltration step may be preceded by an ultra-
filtration step e.g. to concentrate the liquid medium. Such a
concentration will usually be at least a 2-fold concentration
e.g. >2-fold, >3-fold, >4-fold, >5-fold, >10-fold, etc. The
ultrafiltration/concentration and the subsequent diafiltration
can be performed using the same apparatus. Concentration
prior to diafiltration is advantageous as it reduces the volume
of liquid required for completing diafiltration.

[0040] After diafiltration, the retentate includes a low con-
ductivity buffer. Suitable buffers include phosphate buffers,
Tris/HCI buffers, TES buffers, citrate buffers, borate buffers,
acetate buffers, glycine buffers etc. The retentate will typi-
cally have a conductivity of less than 20 mS/cm e.g. between
0.5-10 mS/cm, or between 1.0-1.4 mS/cm. A 10 mM phos-
phate buffer is suitable.

[0041] Capturing virions from the diafiltration retentate can
use affinity capture, pseudo-affinity capture, chromatography
or adsorption. Suitable techniques are known for influenza
viruses. For example, affinity or pseudo-affinity capture is
known using Euonymus europaeus lectin [21], or using Cel-
Iufine Sulfate (CS) or sulfated Sephadex columns. Adsorption
can be used e.g. to polyelectrolytes [22], to barium sulfate
[23], to a calcium phosphate salt [24], etc. Usefully, prior to
its use the capture material will be equilibrated with the low
conductivity buffer present in the retentate. Thus, for
instance, a capture resin can be equilibrated with 10 m M
phosphate buffer. The same buffer can also be used for wash-
ing the capture material prior to release of captured virions.

Influenza Viruses

[0042] The invention may be used when preparing antigens
from any suitable influenza virus, including influenza A, B
and C viruses. It is particularly useful for use with strains of
influenza A virus that can infect humans.

[0043] Influenza virus strains for use in vaccines change
from season to season. In the current inter-pandemic period,
vaccines typically include two influenza A strains (HIN1 and
H3N2) and one influenza B strain, and trivalent vaccines are
typical. The invention can be used with such inter-pandemic
viruses, but may also be used with viruses from pandemic
strains (i.e. strains to which the vaccine recipient and the

Jun. 9, 2016

general human population are immunologically naive), in
particular of influenza A virus. Thus the invention may be
used with any of influenza A virus hemagglutinin subtypes
H1, H2, H3, H4, HS, H6, H7, H8, H9, H10, H11, H12, H13,
H14, H15 or H16. The virus may additionally have any of NA
subtypes N1, N2, N3, N4, N5, N6, N7, N8 or N9.

[0044] The invention is particularly useful with pandemic
influenza A virus strains, such as H5N1 strains. Characteris-
tics of a pandemic strain are: (a) it contains a new hemagglu-
tinin compared to the hemagglutinins in currently-circulating
human strains, i.e. one that has not been evident in the human
population for over a decade (e.g. H2), or has not previously
been seen at all in the human population (e.g. HS, H6 or H9,
that have generally been found only in bird populations), such
that the vaccine recipient and the general human population
are immunologically naive to the strain’s hemagglutinin; (b)
it is capable of being transmitted horizontally in the human
population; and (c) it is pathogenic to humans. Pandemic
strains H2, H5, H7 or H9 subtype strains e.g. HSN1, H5SN3,
HON2, H2N2, H7N1 and H7N7 strains. Within the H5 sub-
type, a virus may fall into a number of clades e.g. clade 1 or
clade 2. Six sub-clades of clade 2 have been identified with
sub-clades 1, 2 and 3 having a distinct geographic distribution
and are particularly relevant due to their implication in human
infections.

[0045] Influenza B virus currently does not display difter-
ent HA subtypes, but influenza B virus strains do fall into two
distinct lineages. These lineages emerged in the late 1980s
and have HAs which can be antigenically and/or genetically
distinguished from each other [25]. Current influenza B virus
strains are either B/Victoria/2/87-like or B/Yamagata/16/88-
like. These strains are usually distinguished antigenically, but
differences in amino acid sequences have also been described
for distinguishing the two lineages e.g. B/Yamagata/16/88-
like strains often (but not always) have HA proteins with
deletions at amino acid residue 164, numbered relative to the
‘Lee40’ HA sequence [26]. The invention can be used with
antigens from a B virus of either lineage.

[0046] The influenza virus may be attenuated. The influ-
enza virus may be temperature-sensitive. The influenza virus
may be cold-adapted. However, these three features are more
typical when preparing live virus as a vaccine antigen.
[0047] The influenza virus may be resistant to antiviral
therapy (e.g. resistant to oseltamivir [27] and/or zanamivir),
including resistant pandemic strains [28].

[0048] An influenza virus used with the invention may be a
reassortant strain, and may have been obtained by reverse
genetics techniques. Reverse genetics techniques [e.g. 29-33]
allow influenza viruses with desired genome segments to be
prepared in vitro using plasmids. Typically, it involves
expressing (a) DNA molecules that encode desired viral RNA
molecules e.g. from poll promoters or bacteriophage RNA
polymerase promoters, and (b) DNA molecules that encode
viral proteins e.g. from poll promoters, such that expression
of'both types of DNA in a cell leads to assembly of a complete
intact infectious virion. The DNA preferably provides all of
the viral RNA and proteins, but it is also possible to use a
helper virus to provide some of the RNA and proteins.
[0049] Plasmid-based methods using separate plasmids for
producing each viral RNA can be used [34-36], and these
methods will also involve the use of plasmids to express all or
some (e.g. justthe PB1, PB2, PA and NP proteins) of the viral
proteins, with up to 12 plasmids being used in some methods.
To reduce the number of plasmids needed, a recent approach
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[37] combines a plurality of RNA polymerase I transcription
cassettes (for viral RNA synthesis) on the same plasmid (e.g.
sequences encoding 1, 2, 3, 4, 5, 6, 7 or all 8 influenza A
vRNA segments), and a plurality of protein-coding regions
with RNA polymerase 11 promoters on another plasmid (e.g.
sequences encoding 1, 2, 3, 4, 5, 6, 7 or all 8 influenza A
mRNA transcripts). Preferred aspects of the reference 37
method involve: (a) PB1, PB2 and PA mRNA-encoding
regions on a single plasmid; and (b) all 8 vRNA-encoding
segments on a single plasmid. Including the NA and HA
segments on one plasmid and the six other segments on
another plasmid can also facilitate matters.

[0050] Poll promoters tend to be species-specific, and so
the promoter may be chosen to match the cell type in which
reverse genetics takes place e.g. in canine cells it is preferred
to use a canine poll promoter [38,39]. As an alternative to
using poll promoters to encode the viral RNA segments,
however, it is possible to use bacteriophage polymerase pro-
moters [40]. For instance, promoters for the SP6, T3 or T7
polymerases can conveniently be used. Because of the spe-
cies-specificity of poll promoters then bacteriophage promot-
ers can be more convenient for some cell types, although a cell
must also be transfected with a plasmid encoding the exog-
enous polymerase enzyme.

[0051] Inothertechniques it is possible to use dual poll and
polll promoters to simultaneously code for the viral RNAs
and for expressible mRNAs from a single template [41,42].
[0052] Thus an influenza A virus may include one or more
RNA segments from a A/PR/8/34 virus (typically 6 segments
from A/PR/8/34, with the HA and N segments being from a
vaccine strain, i.e. a 6:2 reassortant). It may also include one
or more RNA segments from a A/WSN/33 virus, or from any
other virus strain useful for generating reassortant viruses for
vaccine preparation. An influenza A virus may include fewer
than 6 (i.e. 0, 1, 2, 3, 4 or 5) viral segments from an AA/6/60
influenza virus (A/Ann Arbor/6/60). An influenza B virus
may include fewer than 6 (i.e. 0, 1, 2, 3, 4 or 5) viral segments
from an AA/1/66 influenza virus (B/Ann Arbor/1/66). Typi-
cally, the invention protects against a strain that is capable of
human-to-human transmission, and so the strain’s genome
will usually include at least one RNA segment that originated
in a mammalian (e.g. in a human) influenza virus. It may
include NS segment that originated in an avian influenza
virus.

Influenza Virus Growth and Virion Purification

[0053] Processes of the invention may be performed on a
starting material containing influenza virions. These virions
may be the product of virus growth either in eggs (e.g. specific
pathogen free eggs) or in cell culture. The current standard
method for influenza virus growth uses embryonated hen
eggs, with virus being purified from the egg contents (allan-
toic fluid). More recently, however, viruses have been grown
in animal cell culture and, for reasons of speed and patient
allergies, this growth method is preferred.

[0054] A cell line used to grow influenza virus will typi-
cally be of mammalian origin. Suitable mammalian cells of
origin include, but are not limited to, hamster, cattle, primate
(including humans and monkeys) and dog cells, although the
use of primate cells is not preferred. Various cell types may be
used, such as kidney cells, fibroblasts, retinal cells, lung cells,
etc. Examples of suitable hamster cells are the cell lines
having the names BHK21 or HKCC. Suitable monkey cells
are e.g. African green monkey cells, such as kidney cells as in
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the Vero cell line [43-45]. Suitable dog cells are e.g. kidney
cells, as in the CLDK and MDCK cell lines.

[0055] Thus suitable cell lines include, but are not limited
to: MDCK; CHO; CLDK; HKCC; 293T; BHK; Vero; MRC-
5; PER.C6 [46]; FRhI.2; WI-38; etc. Suitable cell lines are
widely available e.g. from the American Type Cell Culture
(ATCC) collection [47], from the Coriell Cell Repositories
[48], or from the European Collection of Cell Cultures
(ECACCQC). For example, the ATCC supplies various different
Vero cells under catalog numbers CCL-81, CCL-81.2, CRL-
1586 and CRL-1587, and it supplies MDCK cells under cata-
log number CCL-34. PER.C6 is available from the ECACC
under deposit number 96022940.

[0056] The most preferred cell lines are those with mam-
malian-type glycosylation. As a less-preferred alternative to
mammalian cell lines, virus can be grown on avian cell lines
[e.g. refs. 49-51], including cell lines derived from ducks (e.g.
duck retina) or hens. Examples of avian cell lines include
avian embryonic stem cells [49,52] and duck retina cells [50].
Suitable avian embryonic stem cells, include the EBx cell line
derived from chicken embryonic stem cells, EB45, EB14, and
EB14-074 [53]. Chicken embryo fibroblasts (CEF) may also
be used. Rather than using avian cells, however, the use of
mammalian cells means that vaccines can be free from avian
DNA and egg proteins (such as ovalbumin and ovomucoid),
thereby reducing allergenicity.

[0057] The most preferred cell lines for growing influenza
viruses are MDCK cell lines [54-57], derived from Madin
Darby canine kidney. The original MDCK cell line is avail-
able from the ATCC as CCL-34, but derivatives of this cell
line may also be used. For instance, reference 54 discloses a
MDCK cell line that was adapted for growth in suspension
culture (‘MDCK 33016°, deposited as DSM ACC 2219).
Similarly, reference 58 discloses a MDCK-derived cell line
that grows in suspension in serum-free culture (‘B-702’,
deposited as FERM BP-7449). Reference 59 discloses non-
tumorigenic MDCK cells, including ‘MDCK-S’ (ATCC
PTA-6500), ‘MDCK-SF101’ (ATCC PTA-6501), ‘MDCK-
SF102’ (ATCC PTA-6502) and ‘MDCK-SF103’ (PTA-6503).
Reference 60 discloses MDCK cell lines with high suscepti-
bility to infection, including ‘MDCK.5F1’ cells (ATCC CRL-
12042). Any of these MDCK cell lines can be used.

[0058] Virus may be grown on cells in adherent culture orin
suspension. Microcarrier cultures can also be used. In some
embodiments, the cells may thus be adapted for growth in
suspension.

[0059] Cell lines are preferably grown in serum-free cul-
ture media and/or protein free media. A medium is referred to
as a serum-free medium in the context of the present invention
in which there are no additives from serum of human or
animal origin. The cells growing in such cultures naturally
contain proteins themselves, but a protein-free medium is
understood to mean one in which multiplication of the cells
occurs with exclusion of proteins, growth factors, other pro-
tein additives and non-serum proteins, but can optionally
include proteins such as trypsin or other proteases that may be
necessary for viral growth.

[0060] Cell lines supporting influenza virus replication are
preferably grown below 37° C.[61](e.g. 30-36° C., or atabout
30°C.,31°C,32°C,,33°C., 34° C,, 35° C.,36° C.) during
viral replication.

[0061] Methods for propagating influenza virus in cultured
cells generally includes the steps of inoculating a culture of
cells with an inoculum of the strain to be grown, cultivating
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the infected cells for a desired time period for virus propaga-
tion, such as for example as determined by virus titer or
antigen expression (e.g. between 24 and 168 hours after
inoculation) and collecting the propagated virus. The cultured
cells are inoculated with a virus (measured by PFU or
TCID,,) to cell ratio of 1:500 to 1:1, preferably 1:100 to 1:5,
more preferably 1:50 to 1:10. The virus is added to a suspen-
sion of the cells or is applied to a monolayer of the cells, and
the virus is absorbed on the cells for at least 60 minutes but
usually less than 300 minutes, preferably between 90 and 240
minutes at 25° C. to 40° C., preferably 28° C. to 37° C. The
infected cell culture (e.g. monolayers) may be removed either
by freeze-thawing or by enzymatic action to increase the viral
content of the harvested culture supernatants. The harvested
fluids are then either inactivated or stored frozen. Cultured
cells may be infected at a multiplicity of infection (“m.0.1.”
of'about 0.0001 to 10, preferably 0.002 to 5, more preferably
to 0.001 to 2. Still more preferably, the cells are infected at a
m.o.i of about 0.01. Infected cells may be harvested 30 to 60
hours post infection. Preferably, the cells are harvested 34 to
48 hours post infection. Still more preferably, the cells are
harvested 38 to 40 hours post infection. Proteases (typically
trypsin) are generally added during cell culture to allow viral
release, and the proteases can be added at any suitable stage
during the culture e.g. before inoculation, at the same time as
inoculation, or after inoculation [61].

[0062] Inpreferred embodiments, particularly with MDCK
cells, a cell line is not passaged from the master working cell
bank beyond 40 population-doubling levels.

[0063] The viral inoculum and the viral culture are prefer-
ably free from (i.e. will have been tested for and given a
negative result for contamination by) herpes simplex virus,
respiratory syncytial virus, parainfluenza virus 3, SARS coro-
navirus, adenovirus, rhinovirus, reoviruses, polyomavimses,
birnaviruses, circoviruses, and/or parvoviruses [ 62]. Absence
of herpes simplex viruses is particularly preferred.

[0064] After growth of influenza virus, either in eggs or in
cell culture, a virion-containing fluid will be available. The
invention can be used to prepare antigens from such fluids,
and a typical first step will be to purify (or concentrate) the
virions from the fluid. This purification can be achieved by
various methods [63,64]. For example, zonal centrifugation
[65] may be used e.g. using a linear sucrose gradient solution.
Density gradient centrifugation can use rate zonal or continu-
ous-flow rotors [66]. Precipitation methods can also be used
e.g. using polyethylene glycol [67]. Affinity or pseudo-affin-
ity capture can be used, e.g. as described above (fifth aspect of
the invention). Prior to such purification methods a virion-
containing fluid may be subjected to filtration (e.g. to remove
cellular debris) and/or ultrafiltration (typically with a large
molecular weight cut-off e.g. 2300 kDa, =500 kDa, or more)
and/or diafiltration (as described above for the fifth aspect of
the invention).

Virus Inactivation

[0065] Processes of the invention will typically include a
step in which viruses are inactivated to remove their infectiv-
ity. Chemical means for inactivating a virus include treatment
with an effective amount of one or more of the following
agents: detergents, formaldehyde (e.g. as formalin), -propi-
olactone, methylene blue, psoralen, carboxyfullerene (C60)
or a combination of any thereof. Other methods of viral inac-
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tivation are known in the art, such as for example binary
ethylamine, acetyl ethyleneimine, or gamma irradiation, or
UV light.

[0066] Treatment with f-propiolactone is particularly use-
ful, as disclosed in reference 68. In some embodiments ofthe
invention the §-propiolactone may be present in a phosphate
buffer.

[0067] In the step that precedes inactivation, virions will
usually be concentrated as described above.

Splitting

[0068] Split virions are obtained by treating purified virions
with detergents (ionic or non-ionic) and/or solvents to pro-
duce subvirion preparations. As mentioned above, methods of
splitting influenza viruses are well known in the art, including
the “Tween-ether’ method. Splitting is typically carried out on
whole virions, which may be infectious or non-infectious.
The disruption results in a full or partial solubilisation of the
virus proteins, altering the integrity of the virus. The BEGRI-
VAC™, FLUARIX™, FLUZONE™ and FLUSIIIELD™
products are split vaccines.

[0069] Suitable splitting agents include, but are not limited
to: ethyl ether, polysorbate 80, deoxycholate, tri-N-butyl
phosphate, alkylglycosides, alkylthioglycosides, acyl sugars,
sulphobetaines, betaines, polyoxyethylenealkylethers, N,N-
dialkyl-Glucamides, Hecameg, alkylphenoxy-polyethoxy-
ethanols, quaternary ammonium compounds, sarcosyl, cetyl
trimethyl ammonium bromides (e.g. Cetavlon™), tri-N-butyl
phosphate, myristyltrimethylammonium salts, lipofectin,
lipofectamine, and DOT-MA, the octyl- or nonylphenoxy
polyoxyethanols (e.g. the Triton surfactants, such as Triton
X-100 or Triton N101), nonoxynol 9 (NP9) Sympatens-NP/
090,) polyoxyethylene sorbitan esters (the Tween surfac-
tants), polyoxyethylene ethers, polyoxyethlene esters, etc.
One useful splitting procedure uses the consecutive effects of
sodium deoxycholate and formaldehyde, and splitting can
take place during initial virion purification (e.g. in a sucrose
density gradient solution).

[0070] Preferred splitting agents are ionic (e.g. cationic)
detergents, such as cetyl trimethyl ammonium bromide
(CTAB).

[0071] Splitting may take place in the presence of a buffer,
such as a phosphate buffer. The buffer may usefully have a
slightly acidic pH e.g. between 7.1 and 9.0, between 7.2 and
8.0, or about 7.5.

[0072] Splitting will usually take place in an aqueous solu-
tion, such as a buffered aqueous solution. As mentioned
above, the solution may have an ionic strength of 100 mM or
greater e.g. 2200 mM, =300 mM, =400 mM, =500 mM, =600
mM, =700 mM, =800 mM, etc.

Detergent Exchange

[0073] After a splitting step it is common for the splitting
detergent to be removed by adsorption. For instance, refer-
ence 14 reports that Amberlite XAD-4 (a macroreticular
cross-linked aromatic polymer) is added after a CTAB/Tween
splitting step in order to remove the detergents. The polymer
is then itself removed by filtration.

[0074] Insome circumstances it is desirable for detergentto
remain in a final pharmaceutical formulation e.g. to solubilise
certain active ingredients. In this case, previous processes for
preparing influenza antigens from virions have added a non-
ionic detergent (e.g. a polysorbate) prior to or with an ionic
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detergent splitting agent (e.g. CTAB). The ionic detergent is
then fully removed (e.g. by Amberlite adsorption), but non-
ionic detergent is left behind for solubilisation purposes. The
non-ionic detergent may also be used to solubilise antigens so
that they are not adsorbed during removal of the ionic deter-
gent e.g. to ensure that Amberlite adsorption removes CTAB
and not hemagglutinin.

[0075] A problem with this approach is that it is very diffi-
cult to achieve a desired final concentration of non-ionic
detergent, because the amount of non-ionic detergent that
remains in solution after splitting depends on the amount of
protein, lipid, etc. that is present before the splitting step: a
low level of input material will lead to a higher residual
concentration of the non-ionic detergent, and vice versa.

[0076] To avoid this problem, in some embodiments of the
invention virions are not exposed to detergent prior to the
splitting step. Splitting exposes the virions to a first detergent
(e.g. an ionic detergent, such as CTAB) at a desired concen-
tration. The first detergent is then removed, but is replaced by
a second detergent (e.g. a non-ionic detergent, such as
polysorbate 80) i.e. the first detergent is exchanged for the
second detergent. This step may involve: concurrent removal
of the first detergent and addition of the second detergent;
addition of the second detergent and subsequent removal of
the first detergent; or removal of the first detergent and sub-
sequent addition of the second detergent. The amount of
second detergent that is present after the exchange may be
lower, higher or equal to the amount of first detergent that was
present before the exchange. Importantly, though, the con-
centration of the second detergent that remains after this step
can be controlled and defined (e.g. relative to the amount of
influenza antigen), whereas earlier addition of the second
detergent can result in variable amounts of it remaining after
the splitting detergent is removed.

[0077] Detergent exchange does not have to happen imme-
diately after splitting. For instance, it is possible for further
antigen purification to occur after splitting but prior to deter-
gent exchange e.g. surface antigens can be purified from the
split virions (see below) prior to the exchange.

Further Treatment of Split Virions

[0078] The invention provides various improvements in
influenza virus splitting procedures, and so can be used in the
production of split virus vaccines. In addition, however, split
virions that are prepared according to the invention can be
further treated so as to provide e.g. purified influenza virus
surface antigens (haemagglutinin and, typically, also
neuraminidase). As mentioned above, processes for prepar-
ing vaccines of this type are well known in the art, and the
FLUVIRIN™, AGRIPPAL™ and INFLUVAC™ products
are such vaccines. For example, ultracentrifugation of split
virions can be used to prepare purified surface antigens. Simi-
larly, zonal gradient centrifugation of split virions can be used
(see example 1 of reference 9).

[0079] Thus a process of the invention for disrupting influ-
enza virions can be used as part of an overall process for
preparing a split virus vaccine or for preparing a purified
surface antigen vaccine. In this process a hemagglutinin-
containing antigen preparation will be obtained from a virus
by a process in which influenza virions are disrupted by a
process as described herein. The hemagglutinin-containing
antigen preparation will then be used to prepare the vaccine,
also as described herein.
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[0080] HA is the main immunogen in current inactivated
influenza vaccines, and vaccine doses are standardised by
reference to HA levels, typically measured by SRID. Existing
vaccines typically contain about 15 pg of HA per strain,
although lower doses can be used e.g. for children, or in
pandemic situations, or when using an adjuvant. Fractional
doses such as Y2 (i.e. 7.5 ug HA per strain), ¥ and % have
been used, as have higher doses (e.g. 3x or 9x doses [69,70]).
Thus vaccines may include between 0.1 and 150 ug of HA per
influenza strain, preferably between 0.1 and 50 pge.g. 0.1-20
ng, 0.1-15 pg, 0.1-10 pg, 0.1-7.5 pg, 0.5-5tg, etc. Particular
doses include e.g. about 45, about 30, about 15, about 10,
about 7.5, about 5, about 3.8, about 1.9, about 1.5, etc. per
strain. A dose of 7.5 ug per strain is ideal for use in children.
[0081] A vaccine may include antigen(s) from one or more
(e.g. 1, 2, 3, 4 or more) influenza virus strains, including
influenza A virus and/or influenza B virus. Where a vaccine
includes more than one strain of influenza, the different
strains are typically grown separately and are mixed after the
viruses have been harvested and antigens have been prepared.
For a vaccine that contains antigen from more than one strain
of influenza then a process of the invention may be used
during preparation of a monovalent bulk antigen, and mul-
tiple monovalent bulks may then be mixed to prepare a mul-
tivalent vaccine. Thus a process of the invention may include
the step of mixing antigens (hemagglutinin-containing anti-
gen preparations) from more than one influenza strain.
[0082] HA used with the invention may be a natural HA as
found in a virus, or may have been modified. For instance, it
is known to modify HA to remove determinants (e.g. hyper-
basic regions around the cleavage site between HA1 and
HA2) that cause a virus to be highly pathogenic in avian
species, as these determinants can otherwise prevent a virus
from being grown in eggs.

[0083] A vaccine may include matrix protein, in order to
benefit from the additional T cell epitopes that are located
within this antigen. Thus a vaccine that includes haemagglu-
tinin and neuraminidase may additionally include M1 and/or
M2 matrix protein. Useful matrix fragments are disclosed in
reference 71. Nucleoprotein may also be present.

Adjuvants

[0084] Vaccine compositions of the invention may include
an adjuvant, which can function to enhance the immune
responses (humoral and/or cellular) elicited in a patient who
receives the composition. Vaccine adjuvants that can be used
with the invention include, but are not limited to:

[0085] A mineral-containing composition, including
calcium salts and aluminum salts (or mixtures thereof).
Calcium salts include calcium phosphate (e.g. the
“CAP” particles disclosed in ref. 72). Aluminum salts
include hydroxides, phosphates, sulfates, etc., with the
salts taking any suitable form (e.g. gel, crystalline, amor-
phous, etc.). Adsorption to these salts is preferred. The
mineral containing compositions may also be formu-
lated as a particle of metal salt [73]. The adjuvants
known as aluminum hydroxide and aluminum phos-
phate may be used. These names are conventional, but
are used for convenience only, as neither is a precise
description of the actual chemical compound which is
present (e.g. see chapter 9 of reference 157). The inven-
tion can use any of the “hydroxide” or “phosphate”
adjuvants that are in general use as adjuvants. The adju-
vants known as “aluminium hydroxide” are typically
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aluminium oxyhydroxide salts, which are usually at
least partially crystalline. The adjuvants known as “alu-
minium phosphate” are typically aluminium hydroxy-
phosphates, often also containing a small amount of
sulfate (i.e. aluminium hydroxyphosphate sulfate). They
may be obtained by precipitation, and the reaction con-
ditions and concentrations during precipitation influ-
ence the degree of substitution of phosphate for
hydroxyl in the salt. The invention can use a mixture of
both an aluminium hydroxide and an aluminium phos-
phate. In this case there may be more aluminium phos-
phate than hydroxide e.g. a weight ratio of at least 2:1
e.g. =25:1,26:1, 27:1, 28:1, 29:1, etc. The concentration
of AI"** in a composition for administration to a patient
is preferably less than 10 mg/ml e.g. <5 mg/ml, =<4
mg/ml, <3 mg/ml, =2 mg/ml, <1 mg/ml, etc. A preferred
range is between 0.3 and 1 mg/ml. A maximum of 0.85
mg/dose is preferred.

[0086] Saponins [chapter 22 of ref. 157], which are a
heterologous group of sterol glycosides and triterpenoid
glycosides that are found in the bark, leaves, stems, roots
and even flowers of a wide range of plant species. Sapo-
nin from the bark of the Quillaia saponaria Molina tree
have been widely studied as adjuvants. Saponin can also
be commercially obtained from Smilax ornata (sarsap-
rilla), Gypsophilla paniculata (brides veil), and
Saponaria officianalis (soap root). Saponin adjuvant for-
mulations include purified formulations, such as QS21,
as well as lipid formulations, such as ISCOMs. QS21 is
marketed as Stimulon™. Saponin compositions have
been purified using HPL.C and RP-HPLC. Specific puri-
fied fractions using these techniques have been identi-
fied, including QS7, QS17, QS18, QS21, QH-A, QH-B
and QH-C. Preferably, the saponin is QS21. A method of
production of QS21 is disclosed in ref. 74. Saponin
formulations may also comprise a sterol, such as cho-
lesterol[ 75]. Combinations of saponins and cholesterols
can be used to form unique particles called immuno-
stimulating complexes (ISCOMs) [chapter 23 of ref.
157]. ISCOMs typically also include a phospholipid
such as phosphatidylethanolamine or phosphatidylcho-
line. Any known saponin can be used in ISCOMs. Pref-
erably, the ISCOM includes one or more of QuilA, QHA
& QHC. ISCOMs are further described in refs. 75-77.
Optionally, the ISCOMS may be devoid of additional
detergent [78]. A review of the development of saponin
based adjuvants can be found in refs. 79 & 80.

[0087] Bacterial ADP-ribosylating toxins (e.g. the E.
coliheat labile enterotoxin “LT”, cholera toxin “CT”, or
pertussis toxin “PT”), and in particular detoxified
derivatives thereof, such as the mutant toxins known as
LT-K63 and LT-R72 [81] or CT-E29H [82]. The use of
detoxified ADP-ribosylating toxins as mucosal adju-
vants is described in ref. 83 and as parenteral adjuvants
in ref. 84.

[0088] Bioadhesives and mucoadhesives, such as esteri-
fied hyaluronic acid microspheres [85] or chitosan and
its derivatives [86].

[0089] Microparticles (i.e. a particle of ~100 nm to ~150
um in diameter, more preferably ~200 nm to ~30 pm in
diameter, or ~500 nm to ~10 pm 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 polycaprolac-
tone, etc.), with poly(lactide-co-glycolide) being pre-
ferred, optionally treated to have a negatively-charged
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surface (e.g. with SDS) or a positively-charged surface
(e.g. with a cationic detergent, such as CTAB).

[0090] Liposomes (Chapters 13 & 14 of ref. 157).
Examples of liposome formulations suitable for use as
adjuvants are described in refs. 87-89.

[0091] Muramyl peptides, such as N-acetylmuramyl-L-
threonyl-D-isoglutamine (“thr-MDP”), N-acetyl-nor-
muramyl-L-alanyl-D-isoglutamine (nor-MDP),
N-acetylglucsaminyl-N-acetylmuramyl-L.-Al-D-iso-
glu-L-Ala-dipalmitoxy propylamide (“DTP-DPP”, or
“Theramide™), N-acetylmuramyl-L-alanyl-D-iso-
glutaminyl-I.-alanine-2-(1'-2'dipalmitoyl-sn-glycero-3-
hydroxyphosphoryloxy)-ethylamine (“MTP-PE”).

[0092] A polyoxidonium polymer [90,91] or other
N-oxidized polyethylene-piperazine derivative.

[0093] Methyl inosine 5'-monophosphate (“MIMP”)
[92].

[0094] A polyhydroxlated pyrrolizidine compound [93],
such as one having formula:

HO g OoH
RO on
CILOH

[0095] where R is selected from the group comprising
hydrogen, straight or branched, unsubstituted or substi-
tuted, saturated or unsaturated acyl, alkyl (e.g.
cycloalkyl), alkenyl, alkynyl and aryl groups, or a phar-
maceutically acceptable salt or derivative thereof.
Examples include, but are not limited to: casuarine,
casuarine-6-a-D-glucopyranose, 3-epi-casuarine,
7-epi-casuarine, 3,7-diepi-casuarine, etc.

[0096] A CD1d ligand, such as an a-glycosylceramide
[94-101](e.g.  o-galactosylceramide), phytosphin-
gosine-containing a-glycosylceramides, OCH,
KRN7000 [(2S,3S,4R)-1-O-(a-D-galactopyranosyl)-2-
(N-hexacosanoylamino)-1,3,4-octadecanetriol],
CRONY-101, 3"-O-sulfo-galactosylceramide, etc.

[0097] A gamma inulin [102] or derivative thereof, such
as algammulin.

[0098] An oil-in-water emulsion. Various such emul-
sions are known, and they typically include at least one
oil and at least one surfactant, with the oil(s) and surfac-
tant(s) being biodegradable (metabolisable) and bio-
compatible. Further details are given below.

[0099] An immunostimulatory oligonucleotide, such as
one containing a CpG motif (a dinucleotide sequence
containing an unmethylated cytosine residue linked by a
phosphate bond to a guanosine residue), or a Cpl motif
(a dinucleotide sequence containing cytosine linked to
inosine), or a double-stranded RNA, or an oligonucle-
otide containing a palindromic sequence, or an oligo-
nucleotide containing a poly(dG) sequence. Immuno-
stimulatory oligonucleotides can include nucleotide
modifications/analogs such as phosphorothioate modi-
fications and can be double-stranded or (except for
RNA) single-stranded. References 103, 104 and 105
disclose possible analog substitutions e.g. replacement
of guanosine with 2'-deoxy-7-deazaguanosine. The
adjuvant effect of CpG oligonucleotides is further dis-
cussed in refs. 106-111. A CpG sequence may be
directed to TLR9, such as the motif GTCGTT or
TTCGTT [112]. The CpG sequence may be specific for
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inducing a Thl immune response, such as a CpG-A
ODN (oligodeoxynucleotide), or it may be more specific
for inducing a B cell response, such a CpG-B ODN.
CpG-A and CpG-B ODNs are discussed in refs. 113-
115. Preferably, the CpG is a CpG-A ODN. Preferably,
the CpG oligonucleotide is constructed so that the 5'end
is accessible for receptor recognition. Optionally, two
CpG oligonucleotide sequences may be attached at their
3'ends to form “immunomers”. See, for example, refer-
ences 112 & 116-118. A useful CpG adjuvant is
CpG7909, also known as ProMune™ (Coley Pharma-
ceutical Group, Inc.). Another is CpG1826. As an alter-
native, or in addition, to using CpG sequences, TpG
sequences can be used [119], and these oligonucleotides
may be free from unmethylated CpG motifs. The immu-
nostimulatory oligonucleotide may be pyrimidine-rich.
For example, it may comprise more than one consecu-
tive thymidine nucleotide (e.g. TTTT, as disclosed in ref.
119), and/or it may have a nucleotide composition with
>25% thymidine (e.g. >35%, >40%, >50%, >60%,
>80%, etc.). For example, it may comprise more than
one consecutive cytosine nucleotide (e.g. CCCC, as dis-
closed in ref. 119), and/or it may have a nucleotide
composition with >25% cytosine (e.g. >35%, >40%,
>50%, >60%, >80%, etc.). These oligonucleotides may
be free from unmethylated CpG motifs. Immunostimu-
latory oligonucleotides will typically comprise at least
20 nucleotides. They may comprise fewer than 100
nucleotides.

[0100] A particularly useful adjuvant based around immu-

nostimulatory oligonucleotides is known as IC31™ [120].

Thus an adjuvant used with the invention may comprise a

mixture of (i) an oligonucleotide (e.g. between 15-40 nucle-

otides) including at least one (and preferably multiple) Cpl
motifs, and (ii) a polycationic polymer, such as an oligopep-
tide (e.g. between 5-20 amino acids) including at least one

(and preferably multiple) Lys-Arg-Lys tripeptide sequence

(s). The oligonucleotide may be a deoxynucleotide compris-

ing 26-mer sequence 5'-(IC),;-3' (SEQ ID NO: ). The

polycationic polymer may be a peptide comprising 11-mer
amino acid sequence KLKLLLLLKLK (SEQ ID NO:

).

[0101] 3-O-deacylated monophosphoryl lipid A
(‘3dMPL’, also known as ‘MPLr™") [121-124]. In
aqueous conditions, 3dMPL can form micellar aggre-
gates or particles with different sizes e.g. with a diameter
<150 nm or >500 nm. Either or both of these can be used
with the invention, and the better particles can be
selected by routine assay. Smaller particles (e.g. small

O

CH;0

o
(HO),OPO™

CH3(CH2)5\/\/O

CH;y
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enough to give a clear aqueous suspension of 3dMPL)
are preferred for use according to the invention because
of their superior activity [125]. Preferred particles have
a mean diameter less than 220 nm, more preferably less
than 200 nm or less than 150 nm or less than 120 nm, and
can even have a mean diameter less than 100 nm. In most
cases, however, the mean diameter will not be lower than
50 nm.

[0102] An imidazoquinoline compound, such as Imiqui-
mod (“R-8377) [126,127], Resiquimod (“R-848”)
[128], and their analogs; and salts thereof (e.g. the
hydrochloride salts). Further details about immuno-
stimulatory imidazoquinolines can be found in refer-
ences 129 to 133.

[0103] A thiosemicarbazone compound, such as those
disclosed in reference 134. Methods of formulating,
manufacturing, and screening for active compounds are
also described in reference 134. The thiosemicarba-
zones are particularly effective in the stimulation of
human peripheral blood mononuclear cells for the pro-
duction of cytokines, such as TNF-c.

[0104] Atryptanthrin compound, such as those disclosed
in reference 135. Methods of formulating, manufactur-
ing, and screening for active compounds are also
described in reference 135. The thiosemicarbazones are
particularly effective in the stimulation of human
peripheral blood mononuclear cells for the production of
cytokines, such as TNF-a.

[0105] A nucleoside analog, such as: (a) Isatorabine
(ANA-245; 7-thia-8-oxoguanosine):

0
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N
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N N N

0
0
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9 Ko

[0106] and prodrugs thereof; (b) ANA97S; (c) ANA-
025-1; (d) ANA38O0; (e) the compounds disclosed in
references 136 to 138 Compounds containing lipids
linked to a phosphate-containing acyclic backbone, such
as the TLR4 antagonist E5564 [139,140]:
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[0107] A substituted urea or compound of formula I, 1T or _continued
111, or a salt thereof: o
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(CHa)y (CIL), ‘ER 804442, ‘ER 804680°, ‘ER 804764°, ER 803022 or
x2 2 ‘ER 804057’ e.g.:
w! (CH,) (CH,) w2
RZ G o \c; ®R2
/
(CHy) @ CHIG
G2 G*
/ \
R* R? & R’

ER804057

CriHas

I
Il) O/Y\O/\/\C7H15
O Na HNWCUHH

e

HN
o
HN
\_\ 0
O—P—O

e}

9 Crias

C7H15

CiHas



US 2016/0158341 Al

-continued

Jun. 9, 2016

ER-803022

|

[0109] Derivatives of lipid A from Escherichia coli such
as OM-174 (described in refs. 142 & 143).

[0110] Loxoribine (7-allyl-8-oxoguanosine) [144].

[0111] Compounds disclosed in reference 145, includ-
ing: Acylpiperazine compounds, Indoledione com-
pounds, Tetrahydraisoquinoline (THIQ) compounds,
Benzocyclodione compounds, Aminoazavinyl com-
pounds, Aminobenzimidazole quinolinone (ABIQ)
compounds [146,147], Hydrapthalamide compounds,
Benzophenone compounds, Isoxazole compounds, Ste-
rol compounds, Quinazilinone compounds, Pyrrole
compounds [148], Anthraquinone compounds, Qui-
noxaline compounds, Triazine compounds, Pyrazalopy-
rimidine compounds, and Benzazole compounds [149].

[0112] An aminoalkyl glucosaminide phosphate deriva-
tive, such as RC-529 [150,151].

[0113] A phosphazene, such as poly|di(carboxylatophe-
noxy)phosphazene|(“PCPP”) as  described, for
example, in references 152 and 153.

[0114] These and other adjuvant-active substances are dis-
cussed in more detail in references 157 & 158.

[0115] Compositions may include two or more of said adju-
vants. Individual adjuvants may preferentially induce either a
Th1 response or a Th2 response, and useful combinations of
adjuvants can include both a Th2 adjuvant (e.g. an oil-in-
water emulsion or an aluminium salt) and a Th1 adjuvant (e.g.
3dMPL, a saponin, or an immunostimulatory oligonucle-
otide). For example, compositions may advantageously com-
prise: both an aluminium salt and an immunostimulatory
oligodeoxynucleotide; both an aluminium salt and a com-
pound of formula I, II or III; both an oil-in-water emulsion
and a compound of formula I, II or III; both an oil-in-water
emulsion and an immunostimulatory oligodeoxynucleotide;
both an aluminium salt and an a-glycosylceramide; both an
oil-in-water emulsion and an a-glycosylceramide; both an
oil-in-water emulsion and 3dMPL; both an oil-in-water emul-
sion and a saponin; etc. Mixtures of 3dMPL and oil-in-water
emulsions are very useful.

[0116] Preferred adjuvants for use with the invention are
oil-in-water emulsions, which have been found to be particu-
larly suitable for use in adjuvanting influenza virus vaccines.
Various such emulsions are known, and they typically include
at least one oil and at least one surfactant, with the oil(s) and

surfactant(s) being biodegradable (metabolisable) and bio-
compatible. The oil droplets in the emulsion are generally less
than 5 um in diameter, and ideally have a sub-micron diam-
eter, with these small sizes being achieved with a microflui-
diser to provide stable emulsions. Droplets with a size less
than 220 nm are preferred as they can be subjected to filter
sterilization.

[0117] The emulsion can comprise oils such as those from
an animal (such as fish) or vegetable source.

[0118] Sources for vegetable oils include nuts, seeds and
grains. Peanut oil, soybean oil, coconut oil, and olive oil, the
most commonly available, exemplify the nut oils. Jojoba oil
can be used e.g. obtained from the jojoba bean. Seed oils
include safflower oil, cottonseed oil, sunflower seed oil,
sesame seed oil and the like. In the grain group, corn oil is the
most readily available, but the oil of other cereal grains such
as wheat, oats, rye, rice, teff, triticale and the like may also be
used. 6-10 carbon fatty acid esters of glycerol and 1,2-pro-
panediol, while not occurring naturally in seed oils, may be
prepared by hydrolysis, separation and esterification of the
appropriate materials starting from the nut and seed oils. Fats
and oils from mammalian milk are metabolizable and may
therefore be used in the practice of this invention. The proce-
dures for separation, purification, saponification and other
means necessary for obtaining pure oils from animal sources
are well known in the art. Most fish contain metabolizable oils
which may be readily recovered. For example, cod liver oil,
shark liver oils, and whale oil such as spermaceti exemplify
several of the fish oils which may be used herein. A number of
branched chain oils are synthesized biochemically in 5-car-
bon isoprene units and are generally referred to as terpenoids.
Shark liver oil contains a branched, unsaturated terpenoids
known as squalene, 2,6,10,15,19,23-hexamethyl-2,6,10,14,
18,22-tetracosahexaene, which is particularly preferred
herein. Squalane, the saturated analog to squalene, is also a
preferred oil. Fish oils, including squalene and squalane, are
readily available from commercial sources or may be
obtained by methods known in the art. Other preferred oils are
the tocopherols (see below). Mixtures of oils can be used.
[0119] Surfactants can be classified by their ‘HLB’ (hydro-
phile/lipophile balance). Preferred surfactants of the inven-
tion have a HL.B of atleast 10, preferably at least 15, and more
preferably at least 16. The invention can be used with surfac-
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tants including, but not limited to: the polyoxyethylene sor-
bitan esters surfactants (commonly referred to as the Tweens),
especially polysorbate 20 and polysorbate 80; copolymers of
ethylene oxide (EO), propylene oxide (PO), and/or butylene
oxide (BO), sold under the DOWFAX™ tradename, such as
linear EO/PO block copolymers; octoxynols, which can vary
in the number of repeating ethoxy (oxy-1,2-ethanediyl)
groups, with octoxynol-9 (Triton X-100, or t-octylphenoxy-
polyethoxyethanol) being of particular interest; (octylphe-
noxy ))polyethoxyethanol (IGEPALL CA-630/NP-40); phos-
pholipids such as phosphatidylcholine (lecithin);
nonylphenol ethoxylates, such as the Tergitol™ NP series;
polyoxyethylene fatty ethers derived from lauryl, cetyl,
stearyl and oleyl alcohols (known as Brij surfactants), such as
triethyleneglycol monolauryl ether (Brij 30); and sorbitan
esters (commonly known as the SPANs), such as sorbitan
trioleate (Span 85) and sorbitan monolaurate. Non-ionic sur-
factants are preferred. Preferred surfactants for including in
the emulsion are Tween 80 (polyoxyethylene sorbitan
monooleate), Span 85 (sorbitan trioleate), lecithin and Triton
X-100.

[0120] Mixtures of surfactants can be used e.g. Tween
80/Span 85 mixtures. A combination of a polyoxyethylene
sorbitan ester such as polyoxyethylene sorbitan monooleate
(Tween 80) and an octoxynol such as t-octylphenoxypoly-
ethoxyethanol (Triton X-100) is also suitable. Another useful
combination comprises laureth 9 plus a polyoxyethylene sor-
bitan ester and/or an octoxynol.

[0121] Preferred amounts of surfactants (% by weight) are:
polyoxyethylene sorbitan esters (such as Tween 80) 0.01 to
1%, in particular about 0.1%; octyl- or nonylphenoxy poly-
oxyethanols (such as Triton X-100, or other detergents in the
Triton series) 0.001 to 0.1%, in particular 0.005 to 0.02%;
polyoxyethylene ethers (such as laureth 9) 0.1 to 20%, pref-
erably 0.1 to 10% and in particular 0.1 to 1% or about 0.5%.
[0122] Preferred emulsion adjuvants have an average drop-
lets size of <1 pme.g. <750 nm, <500 nm, =400 nm, =300 nm,
=250 nm, =220 nm, =200 nm, or smaller. These droplet sizes
can conveniently be achieved by techniques such as microf-
luidisation.

[0123] Specific oil-in-water emulsion adjuvants useful
with the invention include, but are not limited to:

[0124] A submicron emulsion of squalene, Tween 80,
and Span 85. The composition of the emulsion by vol-
ume can be about 5% squalene, about 0.5% polysorbate
80 and about 0.5% Span 85. In weight terms, these ratios
become 4.3% squalene, 0.5% polysorbate 80 and 0.48%
Span 85. This adjuvant is known as ‘MF59’ [154-156],
as described in more detail in Chapter 10 of ref. 157 and
chapter 12 of ref. 158. The MF59 emulsion advanta-
geously includes citrate ions e.g. 10 mM sodium citrate
buffer.

[0125] An emulsion of squalene, a tocopherol, and
polysorbate 80 (Tween 80). The emulsion may include
phosphate buffered saline. It may also include Span 85
(e.g. at 1%) and/or lecithin. These emulsions may have
from 2 to 10% squalene, from 2 to 10% tocopherol and
from 0.3 to 3% Tween 80, and the weight ratio of squale-
ne:tocopherol is preferably =<1 as this provides a more
stable emulsion. Squalene and Tween 80 may be present
atavolume ratio of about 5:2 or at a weight ratio of about
11:5. One such emulsion can be made by dissolving
Tween 80 in PBS to give a 2% solution, then mixing 90
ml of this solution with a mixture of (5 g of DL-a-
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tocopherol and 5 ml squalene), then microfluidising the
mixture. The resulting emulsion may have submicron oil
droplets e.g. with an average diameter of between 100
and 250 nm, preferably about 180 nm. The emulsion
may also include a 3-de-O-acylated monophosphoryl
lipid A (3d-MPL). Another useful emulsion of this type
may comprise, per human dose, 0.5-10 mg squalene,
0.5-11 mg tocopherol, and 0.1-4 mg polysorbate 80
[159].

[0126] An emulsion of squalene, a tocopherol, and a

Triton detergent (e.g. Triton X-100). The emulsion may
also include a 3d-MPL (see below). The emulsion may
contain a phosphate buffer.

[0127] An emulsion comprising a polysorbate (e.g.

polysorbate 80), a Triton detergent (e.g. Triton X-100)
and a tocopherol (e.g. an a-tocopherol succinate). The
emulsion may include these three components at a mass
ratio of about 75:11:10 (e.g. 750 g/ml polysorbate 80,
110 pg/ml Triton X-100 and 100 pg/ml a-tocopherol
succinate), and these concentrations should include any
contribution of these components from antigens. The
emulsion may also include squalene. The emulsion may
also include a 3d-MPL (see below). The aqueous phase
may contain a phosphate buffer.

[0128] An emulsion of squalane, polysorbate 80 and

poloxamer 401 (“Pluronic™ 1,121”"). The emulsion can
be formulated in phosphate buffered saline, pH 7.4. This
emulsion is a useful delivery vehicle for muramyl dipep-
tides, and has been used with threonyl-MDP in the
“SAF-17 adjuvant [160](0.05-1% Thr-MDP, 5%
squalane, 2.5% Pluronic 1121 and 0.2% polysorbate
80). It can also be used without the Thr-MDP, as in the
“AF” adjuvant [161](5% squalane, 1.25% Pluronic
L121 and 0.2% polysorbate 80). Microfluidisation is
preferred.

[0129] An emulsion comprising squalene, an aqueous

solvent, a polyoxyethylene alkyl ether hydrophilic non-
ionic surfactant (e.g. polyoxyethylene (12) cetostearyl
ether) and a hydrophobic nonionic surfactant (e.g. a
sorbitan ester or mannide ester, such as sorbitan mono-
leate or ‘Span 80°). The emulsion is preferably thermor-
eversible and/or has at least 90% of the oil droplets (by
volume) with a size less than 200 nm [162]. The emul-
sion may also include one or more of: alditol; a cryopro-
tective agent (e.g. a sugar, such as dodecylmaltoside
and/or sucrose); and/or an alkylpolyglycoside. The
emulsion may include a TL.R4 agonist[163]. Such emul-
sions may be lyophilized.

[0130] An emulsion of squalene, poloxamer 105 and

Abil-Care [164]. The final concentration (weight) of
these components in adjuvanted vaccines are 5%
squalene, 4% poloxamer 105 (pluronic polyol) and 2%
Abil-Care 85 (Bis-PEG/PPG-16/16 PEG/PPG-16/16
dimethicone; caprylic/capric triglyceride).

[0131] Anemulsion having from 0.5-50% of an oil, 0.1-

10% of a phospholipid, and 0.05-5% of a non-ionic
surfactant. As described in reference 165, preferred
phospholipid components are phosphatidylcholine,
phosphatidylethanolamine, phosphatidylserine, phos-
phatidylinositol, phosphatidylglycerol, phosphatidic
acid, sphingomyelin and cardiolipin. Submicron droplet
sizes are advantageous.

[0132] A submicron oil-in-water emulsion of a non-me-

tabolisable oil (such as light mineral oil) and at least one
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surfactant (such as lecithin, Tween 80 or Span 80). Addi-
tives may be included, such as QuilA saponin, choles-
terol, a saponin-lipophile conjugate (such as GPI-0100,
described in reference 166, produced by addition of
aliphatic amine to desacylsaponin via the carboxyl
group of glucuronic acid), dimethyidioctadecylammo-
nium bromide and/or N,N-dioctadecyl-N,N-bis(2-hy-
droxyethyl)propanediamine.

[0133] An emulsion in which a saponin (e.g. QuilA or
QS21) and a sterol (e.g. a cholesterol) are associated as
helical micelles [167].

[0134] An emulsion comprising a mineral oil, a non-
ionic lipophilic ethoxylated fatty alcohol, and a non-
ionic hydrophilic surfactant (e.g. an ethoxylated fatty
alcohol and/or polyoxyethylene-polyoxypropylene
block copolymer) [168].

[0135] An emulsion comprising a mineral oil, a non-
ionic hydrophilic ethoxylated fatty alcohol, and a non-
ionic lipophilic surfactant (e.g. an ethoxylated fatty
alcohol and/or polyoxyethylene-polyoxypropylene
block copolymer) [168].

[0136] In some embodiments an emulsion may be mixed
with antigen extemporaneously, at the time of delivery, and
thus the adjuvant and antigen may be kept separately in a
packaged or distributed vaccine, ready for final formulation at
the time of use. In other embodiments an emulsion is mixed
with antigen during manufacture, and thus the composition is
packaged in a liquid adjuvanted form, as in the FLUAD™
product. The antigen will generally be in an aqueous form,
such that the vaccine is finally prepared by mixing two liq-
uids. The volume ratio of the two liquids for mixing can vary
(e.g. between 5:1 and 1:5) but is generally about 1:1. Where
concentrations of components are given in the above descrip-
tions of specific emulsions, these concentrations are typically
for an undiluted composition, and the concentration after
mixing with an antigen solution will thus decrease.

[0137] An antigen and emulsion in a composition will typi-
cally be in admixture, although they may initially be pre-
sented in the form of a kit of separate components for extem-
poraneous admixing. Compositions will generally be in
aqueous form when administered to a subject.

[0138] After the antigen and adjuvant have been mixed,
haemagglutinin antigen will generally remain in aqueous
solution but may distribute itself around the oil/water inter-
face. In general, little if any haemagglutinin will enter the oil
phase of the emulsion.

[0139] Where a composition includes a tocopherol, any of
the a, B3, v, d, € or § tocopherols can be used, but a-tocopherols
are preferred. The tocopherol can take several forms e.g.
different salts and/or isomers. Salts include organic salts,
such as succinate, acetate, nicotinate, etc. D-a-tocopherol
and DL-a-tocopherol can both be used. Tocopherols are
advantageously included in vaccines for use in elderly
patients (e.g. aged 60 years or older) because vitamin E has
been reported to have a positive effect on the immune
response in this patient group [169]. They also have antioxi-
dant properties that may help to stabilize the emulsions [170].
A preferred a-tocopherol is DL-a-tocopherol, and the pre-
ferred salt of this tocopherol is the succinate. The succinate
salt has been found to cooperate with TNF-related ligands in
vivo. Moreover, a-tocopherol succinate is known to be com-
patible with influenza vaccines and to be a useful preservative
as an alternative to mercurial compounds [5].
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Pharmaceutical Compositions

[0140] Compositions of the invention for administration to
patients are pharmaceutically acceptable. They may include
components in addition to the antigen e.g. they will typically
include one or more pharmaceutical carrier(s) and/or excipi-
ent(s). A thorough discussion of such components is available
inref. 171.

[0141] A composition may include preservatives such as
thiomersal or 2-phenoxyethanol. It is preferred, however, that
the vaccine should be substantially free from (i.e. less than 5
png/ml) mercurial material e.g. thiomersal-free [172,173].
Vaccines containing no mercury are more preferred, and
a-tocopherol succinate can be included as an alternative to
mercurial compounds [5]. Preservative-free vaccines are
most preferred.

[0142] To control tonicity, it is preferred to include a physi-
ological salt, such as a sodium salt. Sodium chloride (NaCl) is
preferred, which may be present at between 1 and 20 mg/ml.
Other salts that may be present include potassium chloride,
potassium dihydrogen phosphate, disodium phosphate dehy-
drate, magnesium chloride, calcium chloride, etc.

[0143] Compositions will generally have an osmolality of
between 200 mOsm/kg and 400 mOsm/kg, preferably
between 240-360 mOsm/kg, and will more preferably fall
within the range of 290-310 mOsm/kg. Osmolality has pre-
viously been reported not to have an impact on pain caused by
vaccination [174], but keeping osmolality in this range is
nevertheless preferred.

[0144] Compositions may include one or more buffers.
Typical buffers include: a phosphate buffer; a Tris buffer; a
borate buffer; a succinate buffer; a histidine buffer (particu-
larly with an aluminum hydroxide adjuvant); or a citrate
buffer. Buffers will typically be included in the 5-20 mM
range.

[0145] The pH of a composition will generally be between
5.0 and 8.1, and more typically between 6.0 and 8.0 e.g. 6.5
and 7.5, or between 7.0 and 7.8. A process of the invention
may therefore include a step of adjusting the pH of the bulk
vaccine prior to packaging.

[0146] The composition is preferably sterile. The compo-
sition is preferably non-pyrogenic e.g. containing <1 EU
(endotoxin unit, a standard measure) per dose, and preferably
<0.1 EU per dose. The composition is preferably gluten free.
[0147] The composition may include material for a single
immunisation, or may include material for multiple immuni-
sations (i.e. a ‘multidose’ kit). The inclusion of a preservative
is preferred in multidose arrangements. As an alternative (or
in addition) to including a preservative in multidose compo-
sitions, the compositions may be contained in a container
having an aseptic adaptor for removal of material.

[0148] Influenza vaccines are typically administered in a
dosage volume of about 0.5 ml, although a half dose (i.e.
about 0.25 ml) may be administered to children according to
the invention.

[0149] Compositions and kits are preferably stored at
between 2° C. and 8° C. They should not be frozen. They
should ideally be kept out of direct light.

[0150] If virus is grown on a cell line then it is standard
practice to minimize the amount of residual cell line DNA in
the final vaccine, in order to minimize any oncogenic activity
of'the DNA. Thus a vaccine composition prepared according
to the invention preferably contains less than 10 ng (prefer-
ably less than 1 ng, and more preferably less than 100 pg) of
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residual host cell DNA per dose, although trace amounts of
host cell DNA may be present.

[0151] Vaccines containing <10 ng (e.g. <1 ng, <100 pg)
host cell DNA per 15 ng of haemagglutinin are preferred, as
are vaccines containing <10 ng (e.g. <1 ng, <100 pg) host cell
DNA per 0.25 ml volume. Vaccines containing <10 ng (e.g.
<1 ng, <100 pg) host cell DNA per 50 pug of haemagglutinin
are more preferred, as are vaccines containing <10 ng (e.g. <1
ng, <100 pg) host cell DNA per 0.5 ml volume.

[0152] Itis preferred that the average length of any residual
host cell DNA is less than 500 bp e.g. less than 400 bp, less
than 300 bp, less than 200 bp, less than 100 bp, etc.

[0153] Contaminating DNA can be removed during vac-
cine preparation using standard purification procedures e.g.
chromatography, etc. Removal of residual host cell DNA can
be enhanced by nuclease treatment e.g. by using a DNase. A
convenient method for reducing host cell DNA contamina-
tion is disclosed in references 175 & 14, involving a two-step
treatment, first using a DNase (e.g. Benzonase), which may
be used during viral growth, and then a cationic detergent
(e.g. CTAB), which may be used during virion disruption.
Removal by 3-propiolactone treatment can also be used [68].

[0154] Measurement of residual host cell DNA is now a
routine regulatory requirement for biologicals and is within
the normal capabilities of the skilled person. The assay used
to measure DNA will typically be a validated assay [176,
177]. The performance characteristics of a validated assay
can be described in mathematical and quantifiable terms, and
its possible sources of error will have been identified. The
assay will generally have been tested for characteristics such
as accuracy, precision, specificity. Once an assay has been
calibrated (e.g. against known standard quantities of host cell
DNA) and tested then quantitative DNA measurements can
be routinely performed. Three main techniques for DNA
quantification can be used: hybridization methods, such as
Southern blots or slot blots [178]; immunoassay methods,
such as the Threshold™ System [179]; and quantitative PCR
[180]. These methods are all familiar to the skilled person,
although the precise characteristics of each method may
depend on the host cell in question e.g. the choice of probes
for hybridization, the choice of primers and/or probes for
amplification, etc. The Threshold™ system from Molecular
Devices is a quantitative assay for picogram levels of total
DNA, and has been used for monitoring levels of contami-
nating DNA in biopharmaccuticals [179]. A typical assay
involves non-sequence-specific formation of a reaction com-
plex between a biotinylated ssDNA binding protein, a urease-
conjugated anti-ssDNA antibody, and DNA. All assay com-
ponents are included in the complete Total DNA Assay Kit
available from the manufacturer. Various commercial manu-
facturers offer quantitative PCR assays for detecting residual
host cell DNA e.g. AppTec™ Laboratory Services, BioReli-
ance™, Althea Technologies, etc. A comparison of a chemi-
luminescent hybridisation assay and the total DNA Thresh-
0ld™ gsystem for measuring host cell DNA contamination of
a human viral vaccine can be found in reference 181.

Kits of the Invention

[0155] Vaccines may be prepared extemporaneously, at the
time of delivery, particularly when an adjuvant is being used.
Thus the invention provides kits including the various com-
ponents ready for mixing. The kit allows the adjuvant and the
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antigen to be kept separately until the time of use. This
arrangement can be useful when using an oil-in-water emul-
sion adjuvant.

[0156] The components are physically separate from each
other within the kit, and this separation can be achieved in
various ways. For instance, the two components may be in
two separate containers, such as vials. The contents of the two
vials can then be mixed e.g. by removing the contents of one
vial and adding them to the other vial, or by separately remov-
ing the contents of both vials and mixing them in a third
container.

[0157] In a preferred arrangement, one of the kit compo-
nents is in a syringe and the other is in a container such as a
vial. The syringe can be used (e.g. with a needle) to insert its
contents into the second container for mixing, and the mixture
can then be withdrawn into the syringe. The mixed contents of
the syringe can then be administered to a patient, typically
through a new sterile needle. Packing one component in a
syringe eliminates the need for using a separate syringe for
patient administration.

[0158] In another preferred arrangement, the two kit com-
ponents are held together but separately in the same syringe
e.g. a dual-chamber syringe, such as those disclosed in refer-
ences 182-189 etc. When the syringe is actuated (e.g. during
administration to a patient) then the contents of the two cham-
bers are mixed. This arrangement avoids the need for a sepa-
rate mixing step at the time of use.

[0159] The kit components will generally be in aqueous
form. In some arrangements, a component (typically an anti-
gen component rather than an adjuvant component) is in dry
form (e.g. in a lyophilised form), with the other component
being in aqueous form. The two components can be mixed in
order to reactivate the dry component and give an aqueous
composition for administration to a patient. A lyophilised
component will typically be located within a vial rather than
a syringe. Dried components may include stabilizers such as
lactose, sucrose or mannitol, as well as mixtures thereof e.g.
lactose/sucrose mixtures, sucrose/mannitol mixtures, etc.
One possible arrangement uses an aqueous adjuvant compo-
nent in a pre-filled syringe and a lyophilised antigen compo-
nent in a vial.

Packaging of Compositions or Kit Components

[0160] Suitable containers for compositions of the inven-
tion (or kit components) include vials, syringes (e.g. dispos-
able syringes), nasal sprays, etc. These containers should be
sterile.

[0161] Where a composition/component is located in a
vial, the vial is preferably made of a glass or plastic material.
The vial is preferably sterilized before the composition is
added to it. To avoid problems with latex-sensitive patients,
vials are preferably sealed with a latex-free stopper, and the
absence of latex in all packaging material is preferred. The
vial may include a single dose of vaccine, or it may include
more than one dose (a ‘multidose’ vial) e.g. 10 doses. Pre-
ferred vials are made of colorless glass.

[0162] A vial canhaveacap (e.g. a Luer lock) adapted such
that a pre-filled syringe can be inserted into the cap, the
contents of the syringe can be expelled into the vial (e.g. to
reconstitute lyophilised material therein), and the contents of
the vial can be removed back into the syringe. After removal
of'the syringe from the vial, a needle can then be attached and
the composition can be administered to a patient. The cap is
preferably located inside a seal or cover, such that the seal or
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cover has to be removed before the cap can be accessed. A vial
may have a cap that permits aseptic removal of its contents,
particularly for multidose vials.

[0163] Where a component is packaged into a syringe, the
syringe may have a needle attached to it. If a needle is not
attached, a separate needle may be supplied with the syringe
for assembly and use. Such a needle may be sheathed. Safety
needles are preferred. 1-inch 23-gauge, 1-inch 25-gauge and
%&-inch 25-gauge needles are typical. Syringes may be pro-
vided with peel-off labels on which the lot number, influenza
season and expiration date of the contents may be printed, to
facilitate record keeping. The plunger in the syringe prefer-
ably has a stopper to prevent the plunger from being acciden-
tally removed during aspiration. The syringes may have a
latex rubber cap and/or plunger. Disposable syringes contain
a single dose of vaccine. The syringe will generally have a tip
cap to seal the tip prior to attachment of a needle, and the tip
cap is preferably made of a butyl rubber. If the syringe and
needle are packaged separately then the needle is preferably
fitted with a butyl rubber shield. Useful syringes are those
marketed under the trade name “Tip-Lok™™.

[0164] Containers may be marked to show a half-dose vol-
ume e.g. to facilitate delivery to children. For instance, a
syringe containing a 0.5 ml dose may have a mark showing a
0.25 ml volume.

[0165] Where a glass container (e.g. a syringe or a vial) is
used, then it is preferred to use a container made from a
borosilicate glass rather than from a soda lime glass.

[0166] A kit or composition may be packaged (e.g. in the
same box) with a leaflet including details of the vaccine e.g.
instructions for administration, details of the antigens within
the vaccine, etc. The instructions may also contain warnings
e.g. to keep a solution of adrenaline readily available in case
of anaphylactic reaction following vaccination, etc.

Methods of Treatment, and Administration of the Vaccine

[0167] Vaccines of the invention are suitable for adminis-
tration to human patients, and the invention provides a
method of raising an immune response in a patient, compris-
ing the step of administering a composition of the invention to
the patient.

[0168] The invention also provides a kit or composition of
the invention for use as a medicament. The invention also
provides the medical uses discussed above.

[0169] These methods and uses will generally be used to
generate an antibody response, preferably a protective anti-
body response. Methods for assessing antibody responses,
neutralising capability and protection after influenza virus
vaccination are well known in the art. Human studies have
shown that antibody titers against hemagglutinin of human
influenza virus are correlated with protection (a serum sample
hemagglutination-inhibition titer of about 30-40 gives around
50% protection from infection by a homologous virus) [190].
Antibody responses are typically measured by hemaggluti-
nation inhibition, by microneutralisation, by single radial
immunodiffusion (SRID), and/or by single radial hemolysis
(SRH). These assay techniques are well known in the art.
[0170] Compositions of the invention can be administered
in various ways. The most preferred immunisation route is by
intramuscular injection (e.g. into the arm or leg), but other
available routes include subcutaneous injection, intranasal
[191-193], oral [194], intradermal [195,196], transcutaneous,
transdermal [197], etc.
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[0171] Vaccines of the invention may be used to treat both
children and adults. Influenza vaccines are currently recom-
mended for use in pediatric and adult immunisation, from the
age of 6 months. Thus the patient may be less than 1 year old,
1-5 years old, 5-15 years old, 15-55 years old, or at least 55
years old. Preferred patients for receiving the vaccines are the
elderly (e.g. 250 years old, =60 years old, preferably =65
years), the young (e.g. <5 years old), hospitalised patients,
healthcare workers, armed service and military personnel,
pregnant women, the chronically ill, immunodeficient
patients, patients who have taken an antiviral compound (e.g.
an oseltamivir or zanamivir compound; see below) in the 7
days prior to receiving the vaccine, people with egg allergies
and people travelling abroad. The vaccines are not suitable
solely for these groups, however, and may be used more
generally in a population. For pandemic strains, administra-
tion to all age groups is preferred.

[0172] Preferred compositions of the invention will satisfy
1, 2 or 3 of the CPMP criteria for adult efficacy for each
influenza strain, even though they are administered to chil-
dren. These criteria are: (1) =270% seroprotection; (2) =40%
seroconversion or significant increase; and/or (3) a GMT
increase of =2.5-fold. In elderly (>60 years), these criteria
are: (1) 260% seroprotection; (2)=30% seroconversion; and/
or (3) a GMT increase of =2-fold. These criteria are based on
open label studies with at least 50 patients.

[0173] Treatment can be by a single dose schedule or a
multiple dose schedule. In any particular influenza season
(e.g. in a given 12 month period, typically in autumn or
winter) a patient may thus receive a single dose of a compo-
sition of the invention or more than one dose (e.g. two doses).
A single dose can raise a useful immune response against
subtype H3N2 of influenza A virus, whereas two doses may
be required to additionally provide a useful immune response
against subtype HIN1 of influenza A virus and against influ-
enza B virus. In a multiple dose schedule the various doses
may be given by the same or different routes e.g. a parenteral
prime and mucosal boost, a mucosal prime and parenteral
boost, etc. Typically they will be given by the same route.
Multiple doses will typically be administered at least 1 week
apart (e.g. about 2 weeks, about 3 weeks, about 4 weeks,
about 6 weeks, about 8 weeks, about 12 weeks, about 16
weeks, etc.). Giving two doses separated by from 25-30 days
(e.g. 28 days) is particularly useful.

[0174] Vaccines produced by the invention may be admin-
istered to patients at substantially the same time as (e.g.
during the same medical consultation or visit to a healthcare
professional or vaccination centre) other vaccines e.g. at sub-
stantially the same time as a measles vaccine, a mumps vac-
cine, arubella vaccine, a MMR vaccine, a varicella vaccine, a
MMRY wvaccine, a diphtheria vaccine, a tetanus vaccine, a
pertussis vaccine, a DTP vaccine, a conjugated H. influenzae
typeb vaccine, an inactivated poliovirus vaccine, a hepatitis B
virus vaccine, a meningococcal conjugate vaccine (such as a
tetravalent A-C-W135-Y vaccine), a pneumococcal conju-
gate vaccine, etc.

[0175] Similarly, vaccines of the invention may be admin-
istered to patients at substantially the same time as (e.g.
during the same medical consultation or visit to a healthcare
professional) an antiviral compound, and in particular an
antiviral compound active against influenza virus (e.g. osel-
tamivir and/or zanamivir). These antivirals include
neuraminidase inhibitors, such as a (3R,4R,5S)-4-acety-
lamino-5-amino-3(1-ethylpropoxy)-1-cyclohexene-1-car-
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boxylic acid or 5-(acetylamino)-4-[(aminoiminomethyl)-
amino|-2,6-anhydro-3,4,5-trideoxy-D-glycero-D-
galactonon-2-enonic acid, including esters thereof (e.g. the
ethyl esters) and salts thereof (e.g. the phosphate salts). A
preferred antiviral is (3R,4R,5S)-4-acetylamino-5-amino-3
(1-ethylpropoxy)-1-cyclohexene-1-carboxylic acid, ethyl
ester, phosphate (1:1), also known as oseltamivir phosphate
(TAMIFLU™),

Combined Aspects of the Invention

[0176] As discussed above, the invention provides a num-
ber of improvements to existing processes for preparing vac-
cine antigens from disintegrated influenza viruses. As well as
being used separately, these improvements can be used in
combination. Disrupted virions obtained by processes includ-
ing such combinations can be used for the preparation of
influenza vaccines.

[0177] Thus, for example, the invention provides a process
for preparing disrupted influenza virions, comprising steps
of: (i) obtaining a composition comprising influenza virions
in the absence of detergent and, preferably, in the presence of
a phosphate buffer; (ii) inactivating the influenza virions in
the absence of detergent and, preferably, in the presence of a
phosphate buffer; (iii) splitting the inactivated virions with a
reagent comprising a first detergent in a buffer (preferably a
phosphate buffer) having an ionic strength of 100 mM or
greater; and (iv) exchanging the first detergent for a second
detergent.

[0178] The material obtained after detergent exchange can
be further purified, including the use of ultrafiltration through
a cellulose ultrafiltration membrane (according to the fourth
aspect).

[0179] Similarly, the invention provides a process for pre-
paring disrupted influenza virions, comprising steps of: (i)
obtaining a liquid medium containing influenza virions; (ii)
optionally concentrating the medium; (iii) diafiltering the
liquid medium to provide a virion-containing retentate
including a low conductivity buffer; (iv) capturing virions
from the retentate by a process selected from affinity capture,
pseudo-affinity capture, chromatography or adsorption; (v)
inactivating the influenza virions in the absence of detergent
and, preferably, in the presence of a phosphate buffer; (vi)
splitting the inactivated virions with a reagent comprising a
first detergent in a buffer (preferably a phosphate buffer)
having an ionic strength of 100 mM or greater; and (vii)
exchanging the first detergent for a second detergent. The
material can, as above, be further purified.

General

[0180] Theterm “comprising” encompasses “including” as
well as “consisting” e.g. a composition “comprising” X may
consist exclusively of X or may include something additional
e.g. X+Y.

[0181] The word “substantially” does not exclude “com-
pletely” 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.

[0182] The term “about” in relation to a numerical value x
means, for example, x+10%.

[0183] Unless specifically stated, a process comprising a
step of mixing two or more components does not require any
specific order of mixing. Thus components can be mixed in
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any order. Where there are three components then two com-
ponents can be combined with each other, and then the com-
bination may be combined with the third component, etc.
[0184] Where animal (and particularly bovine) materials
are used in the culture of cells, they should be obtained from
sources that are free from transmissible spongiform encapha-
lopathies (TSEs), and in particular free from bovine spongi-
form encephalopathy (BSE). Overall, it is preferred to culture
cells in the total absence of animal-derived materials.

[0185] Where a compound is administered to the body as
part of a composition then that compound may alternatively
be replaced by a suitable prodrug.

[0186] Where a cell substrate is used for reassortment or
reverse genetics procedures, it is preferably one that has been
approved for use in human vaccine production e.g. as in Ph
Eur general chapter 5.2.3.

BRIEF DESCRIPTION OF THE DRAWINGS

[0187] FIGS.1 and 2 both show SDS-PAGE analysis of five
stages during antigen purification. The five lanes, from left to
right, show proteins present at the following stages: (i) after
1-propiolactone inactivation; (ii) after CTAB splitting; (iii)
after 15 hours of CTAB removal by adsorption; (iv) after
adsorption is complete; and (v) after post-adsorption sterile
filtration.

MODES FOR CARRYING OUT THE INVENTION

[0188] A HS5NI strain of influenza A virus was successfully
grown on MDCK cells. An initial attempt to prepare purified
surface glycoproteins from this strain used a process that had
previously been used successfully with a HINT1 strain, but the
process performed very badly. More than 95% of viral HA
had been lost after the CTAB-based splitting step, and the step
used to remove CTAB also removed more than 75% of HA.
Furthermore, the final HA was antigenically damaged and
much of it was not detectable by SRID. Thus the HIN1
process was modified.

[0189] Virus growth and harvest were not changed. After
harvest, however, ultrafiltration was used to concentrate the
virions 5-fold (hollow-fiber PES membrane, 500 kDa cut-
off), and the concentrated virion suspension was then diafil-
tered into a 10 mM phosphate buffer (pH 7.0+0.1). Virions
were purified (concentrated) using a CS resin (equilibrated in
the same 10 mM phosphate buffer). In a further ultrafiltration/
diafiltration step a new buffer was used. Rather than use a Tris
buffer, as in the HIN1 process, a phosphate buffer was used
(buffer ‘A’: 50 mM phosphate, pH 7.5) for equilibration and
diafiltration. Moreover, unlike the HIN1 process this buffer
did not include polysorbate 80.

[0190] Purified virions were then inactivated using 3-pro-
piolactone. Unlike the HIN1 process, however, the 3-propi-
olactone was prepared in buffer ‘A’.

[0191] Inactivated virions were then split using CTAB, but
again the CTAB was prepared in buffer ‘A’. Moreover, rather
than performing splitting in a low concentration of Tris butfer,
it was performed in 200 mM NaCl with 50 mM phosphate, pH
7.5. Thus the ionic strength and buffer system used during
splitting were both changed.

[0192] Ultracentrifugation was used to prepare surface
antigens in the same way as the HIN1 process, but a subse-
quent step of CTAB removal (by adsorption) was altered.
Whereas the CTAB adsorbent in the HIN1 process was
equilibrated in a Tris buffer, for HSN1 it was equilibrated in
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buffer ‘A’, supplemented by 2.5 g/L. of polysorbate 80. Addi-
tion of polysorbate 80 at this stage substituted for the pre-
inactivation addition of polysorbate 80 in the HIN1 process.
[0193] Subsequent purification steps were the same, except
again that Tris buffers were replaced by buffer ‘A’, and that the
final ultrafiltration membrane was changed to reduce hydro-
phobicity and to decrease its size exclusion limit, with a
hydrophilic cellulose acetate membrane with low intrinsic
protein adsorption characteristics being selected.

[0194] FIGS. 1 and 2 show the effects of these changes on
antigen purification. Whereas in FIG. 1, which shows the
results of using the HIN1 process on the H5N1 virus, the
amount of HA antigen is vastly decreased after splitting, the
same drop is not seen in FI1G. 2. Moreover, high levels of HA
remain present during the subsequent purification steps.
[0195] Whereasthe HIN1 process gave a final HA concen-
tration of <10 pg/ml. when performed on the HSN1 virus, the
modified process provided a final concentration of 505 ug/ml.
i.e. a>50-fold improvement. Total HA recovery, as measured
by SRID, was assessed as 36%. HA purity was very good.
Residual CTAB concentration was <0.05 ug per ug of HA.
[0196] The same process is also useful for treating other
influenza A viruses e.g. HIN1 strains. A modified process is
also useful, in which polysorbate 80 is added after the CS
chromatography step but prior to splitting, or after splitting
but before CTAB removal. If the amount of polysorbate 80
added in either of these steps was less than 1.5 g/[ then further
polysorbate 80 is added in the subsequent purification steps,
but prior to the final ultrafiltration.

[0197] 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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1-12. (canceled)
13. A method for disrupting influenza virions, the method
comprising steps of:
(1) obtaining a composition comprising influenza virions
and a phosphate buffer;
(ii) inactivating the influenza virions in the presence of a
phosphate buffer, so as to obtain inactivated virions; and
(ii1) splitting the inactivated virions in the presence of the
phosphate buffer, so as to obtain disrupted virions.
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14. The method of claim 13, wherein the influenza virions
are from an influenza A virus.

15. The method of claim 13, wherein the influenza virions
are from an influenza A virus of H5 hemagglutinin subtype.

16. The method of claim 13, wherein the influenza virions
are prepared from eggs.

17. The method of claim 13, wherein the influenza virions
are prepared from a cell culture.

18. The method of claim 17, wherein the cell culture is a
mammalian cell culture or an avian cell culture.

19. A method for manufacturing an influenza vaccine, the
method comprising steps of:

carrying out the method of claim 13;

obtaining a bulk antigen preparation comprising hemag-

glutinin from the disrupted virions of step (iii); and,
formulating the bulk antigen preparation into an influenza
vaccine.

20. The method of claim 19, wherein the influenza virions
are from an influenza A virus.

21. The method of claim 19, wherein the influenza virions
are from an influenza A virus of H5 hemagglutinin subtype.

22. The method of claim 19, wherein the influenza virions
are prepared from eggs.

23. The method of claim 19, wherein the influenza virions
are prepared from a cell culture.

24. The method of claim 23, wherein the cell culture is a
mammalian cell culture or an avian cell culture.

25. The method of claim 19, wherein the influenza vaccine
is a monovalent or trivalent influenza vaccine.

26. The method of claim 19, wherein the influenza vaccine
comprises hemagglutinin from at least one B strain.

27. The method of claim 19, wherein the influenza vaccine
contains about 15 pug hemagglutinin per strain, about 7.5 ng
hemagglutinin per strain, or about 3.75 hemagglutinin per
strain, per dose.

28. The method of claim 19, wherein the step of formulat-
ing comprises combining the bulk antigen preparation with
an adjuvant.

29. The method of claim 28, wherein the adjuvant is an
oil-in-water emulsion.

30. A method for immunizing a patient, the method com-
prising a step of:

administering to a patient a dose of the influenza vaccine

manufactured by the method of claim 19.

31. The method of claim 30, further comprising a step of
administering to the patient a second dose of the influenza
vaccine.



