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INFLUENZA VACCINATION

All documents cited herein are incorporated by reference in their entirety.

FIELD OF THE INVENTION
This invention concerns influenza virus vaccines, and in particular pediatric vaccines for

delivery to the Langerhans cells.

BACKGROUND OF THE INVENTION

In the past, influenza vaccines have generally been administered to patients at particular risk
from the consequences of influenza infection, such as: children with asthma, cardiac disease, sickle
cell disease, HIV or diabetes; children living in a household containing someone suffering from

asthma, cardiac disease, sickle cell disease, HIV or diabetes; and the elderly.

More recently, there have been suggestions that the scope of influenza vaccination should be
extended to include all children, rather than just those at high risk. To increase coverage in this way,
however, would require a huge increase in production capacity, and vaccine manufacturers are not
well placed to deliver this increase. Stockpiling of vaccines is not possible because the vaccine

strains change every year and are produced almost in a just-in-time manner.

Thus there is a need to increase the available doses of influenza vaccine in order to deal with

the increased demand for pediatric vaccination.

DISCLOSURE OF THE INVENTION

Influenza viruses have traditionally been administered by intramuscular injection, although
more recently an intranasal vaccine has been approved for human use [1]. The invention is based on
the idea of using alternative routes of delivery for influenza vaccines, more specifically routes that do
not require as large a dose of antigen. Delivery of influenza antigen to the Langerhans cells is the
route of choice according to the invention. This route has been found to be particularly useful for
vaccinating patients who are naive to influenza virus (i.e. have not previously mounted an immune
response to an influenza virus), which means that it is advantageous for immunising young children.
Moreover, delivery to Langerhans cells may offer improved heterosubtypic immunity compared to

intramuscular injection.

As well as increasing the number of vaccine doses that can be produced from a given amount
of antigen, a move away from intramuscular injection means that the invention avoids the pain

associated with influenza vaccination, thereby increasing both patient comfort and compliance.

Therefore the invention provides a method for immunising a patient against influenza virus,
comprising the step of administering an immunogenic composition to the patient, wherein: (a) the
patient is naive to influenza virus; (b) the immunogenic composition comprises an influenza virus

antigen; and (c) the immunogenic composition is delivered to the patient’s Langerhans cells.
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The invention also provides the use of an influenza virus antigen in the manufacture of a
medicament for immunising a patient against influenza virus, wherein: (a) the patient is naive to

influenza virus; and (b) the medicament is for delivery to the patient’s Langerhans cells.

The invention also provides an immunogenic composition comprising an influenza virus

antigen, wherein the composition is adapted for delivery to Langerhans cells.

The invention also provides a delivery device wherein: (a) the delivery device includes an
immunogenic composition; (b) the immunogenic composition comprises an influenza virus antigen;

and (c) the delivery device is adapted to deliver the immunogenic composition to Langerhans cells.

The patient

The invention is concerned with immunisation of patients who are immunologically naive to
influenza virus. In other words, the patients have not previously mounted an immune response to
influenza virus. The patients will not previously have been infected by an influenza virus and will not
have been immunised against influenza virus. Typically, therefore, the patient is a child aged
between 0 and 18 months, more usually between 0 and 12 months, and often between 0 and 6
months. The most preferred age at which vaccination according to the invention takes place is

between 4 and 8 months e.g. between 5 and 7 months, or at about 6 months old.

In an alternative aspect of the invention, the patient may previously have mounted an
immune response to an influenza virus, but they will be immunologically naive in relation to the
influenza genus (i.e. influenza A or B virus) and/or subtype (H or N, but particularly the H subtype)
of the administered vaccine. Such a patient may be a child (aged between 0 months and 12 years), a
teenager (aged between 13 and 19 years), a young adult (aged between 20 and 35 years), a middle
aged adult (aged between 36 and 64 years), or a senior (aged 65 years and older).

The patient may already have received vaccines against one or more (i.e. 1,2, 3,4, 5, 6 or 7)
of diphtheria, tetanus, pertussis Haemophilus influenzae type b, hepatitis B virus, poliovirus and/or

Streptococcus pneumoniae.

The patient will generally not already have received vaccines against any of measles, mumps,

rubella, varicella, or hepatitis A virus.

The patient preferably does not have asthma, cardiac disease, sickle cell disease, HIV or
diabetes. Similarly, the patient preferably does not live in a household that contains anyone suffering

from asthma, cardiac disease, sickle cell disease, HIV or diabetes.

The influenza virus and the influenza virus antigens

The uses influenza virus antigens to immunise against influenza virus infection. The specific
virus from which the antigens are derived may be the same as or different from the specific virus for
which protection is being provided, because cross-protection between different isolates is known to

occur with influenza viruses, particularly within the same viral subtypes.
-
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Moreover, the invention may use antigens more than one influenza virus, in order to
immunise against more than one influenza virus. Vaccine strains for influenza virus 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. Thus the invention may use antigens from at
Jeast one strain of influenza A virus and/or at least one strain of influenza B virus. Trivalent vaccines
are preferred. The invention may also use viruses from pandemic strains, such as H2, HS5, H7 or H9
subtype strains, that is strains to which the general human population is immunologically naive.
Vaccines in pandemic situations may be monovalent, or they may be based on a normal trivalent

vaccine supplemented by a pandemic strain.

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.

The influenza virus(es) used in the processes of the invention may be reassortant strains,
and/or may have been obtained by reverse genetics techniques. The virus(es) may be attenuated. The
virus(es) may be temperature-sensitive. The virus(es) may be cold-adapted. A reassortant strain
including the HA and/or NA viral segments from a pathogenic strain and the remaining six or seven

segments from a non-pathogenic strain (e.g. A/PR/8/34) may be used.

The influenza virus antigen used in the immunogenic composition according to the invention
may be in the form of a live virus or, preferably, an inactivated virus. Virus inactivation typically
involves treatment with a chemical such as formalin or p-propiolactone. Where an inactivated virus
is used, the antigen may be a whole virus, a split virus, or viral subunits. Split viruses are obtained by
treating virions with detergents (e.g. ethyl ether, polysorbate 80, deoxycholate, tri-N-butyl phosphate,
Triton X-100, Triton N101, cetyltrimethylammonium bromide, efc.) to produce subvirion
preparations. Subunit vaccines comprise one or both of the influenza surface antigens
haemagglutinin and peuraminidase. Influenza antigens can also be presented in the form of

virosomes [2].

Where an antigen is prepared from an influenza virus (i.e. rather than having been produced
in a recombinant or synthetic system that does not involve growth of influenza viruses), the virus
may be grown either on eggs or in cell culture. Growth in specific pathogen free embryonated eggs 1s
the traditional route by which influenza viruses have been grown for vaccine production, and cell
culture is a more recent development. Where cell culture is used then the influenza virus vaccine will
typically be grown on mammalian cells, such as MDCK cells [3-6], Vero cells [7-9] or PER.C6 cells
[10]. These cell lines are widely available e.g. from the American Type Cell Culture (ATCC)
collection [11], or from the Coriell Cell Repositories [12]. 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 catalog number CCL-34. Growth on avian cell lines [e.g. ref. 13],

including cell lines derived from hens e.g. chicken embryo fibroblasts (CEF), is also possible.
-3-



10

15

20

25

30

35

CA 02586690 2007-05-01
WO 2006/062637 PCT/US2005/039982

The immunogenic or medicament composition

Immunogenic and medicament compositions of the invention are suitable for administration
to the Langerhans cells of a patient. This can be achieved by various ways, including but not limited
to: intradermal injection [14,15]; transdermal administration [16]; and topical administration. These

may be used in conjunction with skin abrasion e.g. by emery paper or by the use of microabrasives.

Immunogenic and medicament compositions of the invention are preferably presented as

vaccines.

Compositions of the invention may include an adjuvant. Adjuvants that have been used in
influenza vaccines include aluminium salts [17,18], chitosan [19], CpG oligodeoxynucleotides such
as CpG 7909 [20], oil-in-water emulsions such as MF59 [21], water-in-oil-in-water emulsions [22],
E.coli heat labile toxin [23,24] and its detoxified mutants [25,26], monophosphoryl lipid A [27] and
its 3-o-deacylated derivative [28], pertussis toxin mutants [29], muramyl dipeptides [30], efc. For
delivery to Langerhans cells, adjuvants that function by physical mechanisms are not preferred (e.g.
emulsions and aluminium salts); instead, it is preferred to use immunopotentiating adjuvants

e.g. those that function by binding to cell-surface receptors, such as CpG oligodeoxynucleotides.

Haemagglutinin (HA) is the main immunogen in inactivated influenza vaccines, and vaccines
doses are standardised by reference to HA levels, typically as measured by a single radial
immunodiffusion (SRID) assay [31,32]. Vaccines for intramuscular injection typically contain about
15ug of HA per strain, although lower doses are also used (e.g. for children, or in pandemic
situations) and fractional doses such as Y2 (i.e. 7.5ug HA per strain), 4 and !/s have been used
[17,33]. Administration to Langerhans cells does not require as much antigen as intramuscular
injection, however, and so compositions of invention will typically include between 0.1 and 8ug of
HA per influenza strain, preferably e.g. about 7.5, about 5, about 3, about 2.5, about 2, about 1.5,
about 1, about 0.75, about 0.5, about 0.4, about 0.2, etc.

Vaccines for intramuscular injection typically have a volume of 0.5ml. Administration to
Langerhans cells does not require as great a volume as intramuscular injection, however, and so
compositions of the invention will typically have a volume of between 0.05 and 0.5ml e.g. between
90p1 and 250p1.

The compositions may include preservatives such as thiomersal or 2-phenoxyethanol. It is
preferred, however, that the compositions should be substantially free from (i.e. less than 1pg/ml)

mercurial material e.g. thiomersal-free [34,35]. Vaccines containing no mercury are more preferred.

Where influenza virus has been grown on cell culture then compositions of the invention
preferably contain less than 100pg of residual host cell DNA per dose, although trace amounts of
host cell DNA may be present. Contaminating DNA can be removed during vaccine preparation
using standard purification procedures e.g. chromatography, erc. Removal of residual host cell DNA

can be enhanced by nuclease treatment e.g. by using the Benzonase™ DNase [36]. Vaccines
4-
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containing <100pg -host cell DNA per 10pg of haemagglutinin are preferred, as are vaccines
containing <100pg host cell DNA per 0.25ml volume. Vaccines containing <100pg host cell DNA
per 50ug of haemagglutinin are more preferred, as are vaccines containing <100pg host cell DNA

per ml volume.

The vaccines of the invention may be delivered as a single dose immunization regimen.
Alternatively, they may be delivered as the prime element of a prime — boost regimen (meaning that
the first immunization is followed by a second shot of similar antigenicity within a few weeks or

months).

Delivery to Langerhans cells

Langerhans cells are highly specialised myeloid antigen-presenting cells (APCs) located in
the skin, mucosa, and lymphoid tissues. The Langerhans cells originate in the bone marrow and
migrate to the epidermis, where they form a regularly ordered network that can reach a density of
700 to 800 cells per mm?, covering up to 25% of total skin surface area in humans. The cells are
easily recognised in electron microscope images as they contain characteristic intracellular
cytoplasmic organelles resembling tennis rackets, known as the “Langerhans-granula” or “Birbeck
granules”. Langerhans cells are rich in Class I MHC. They can specifically activate dormant T-
helper cells and thus initiate a primary T-cell dependent immune response. After contact with an
antigen the cell can leave the epidermis and reach a lymph node via the lymphatic system. On its
journey the cell will undergoes a maturation process leading to the presentation of the antigen on the
cell surface. The migrating cells are replaced by a corresponding number of new Langerhans cells
from the bone marrow. In the lymph nodes the mature Langerhans' cells activate the T-helper cells
that have the matching antigen-specific receptors on their surfaces. In this way they steer the reaction

of the immune system.

The invention is primarily concerned with delivering antigen to Langerhans cells within the
epidermis. The epidermis is the outer layer of skin and contains 5 layers, these being (moving
outwards): stratum basale, stratum spinosum, stratum granulosum, stratum licidum, and the outer
stratum corneum. Langerhans cells are situated mainly within the stratum spinosum and/or stratum

germinativum, beneath the stratum corneum.

Delivery to Langerhans cells can be achieved in various ways, using a variety of delivery
devices. Delivery into the epidermis is preferred, although delivery into the dermis (e.g. intradermal

delivery) still allows contact with the Langerhans cells.

Delivery can be achieved using devices that create micropores in the stratum corneum
(“microporation”). Such devices include microstructures (sometimes called microneedles, which is
now an accepted term in the art [37-40]) that, when applied to the skin, painlessly create micropores
in the stratum corneum without causing bleeding (e.g. 3M’s Microstructured Transdermal System,
the Micropyramid™ system from NanoPass, efc.). The microneedles can be used singly or in a

_5-
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plurality (e.g. in an array [41]). The microneedles open pores in the stratum corneum and can take
various sizes e.g. ranging in length from 25um to 1mm. They are preferably small enough not to
penetrate into the dermis and so not to reach the nerve endings, thereby avoiding any sensation of
pain. The structures can be either solid (serving as a pretreatment prior to antigen application), solid
with antigen coated directly on the outside of the needles, or hollow to facilitate fluidic transport
through the needles and into the lower epidermis. They can be made from materials including, but
not limited to: silicon, biodegradable polymers, metals (e.g. stainless steel, gold, ezc.), and glass.
Biodegradable polymers are safe even if needles snap off while inserted. The micropores produced
by these devices offer lower resistance to drug diffusion than normal skin without micropores [42],
and the systems have been reported to greatly enhance (up to 100,000 fold) the permeation of
macromolecules through skin [43]. Vibratory actuation can be used in order to reduce the insertion
force [44].

Similarly, a microprojection array system can be used (e.g. the Macroflux™ system from
Alza). The projections can have a length of about 100-500um, with 50-500 microprojections per cm?,
over a 1-2 cm? area) and will typically be coated with antigens. These systems can delivery up to
80ug of protein at an average depth of 100 wm, with no projections' deeper than 300 pm [45].
Delivery rates can be as high as 20 pg in 5 seconds. Antigen can be dry-coated, with or without an

adjuvant.
Microabrasive systems can be used.

Laser systems can be used to ablate the stratum corneum from the epidermal layer [46]. As

with microneedles, the ablated regions offer lower resistance to drug diffusion than non-ablated skin.

Tontophoresis and sonophoresis can be used to increase flux across the stratum corneum.
These systems can achieve significant skin permeation enhancement, including for proteins [47,48],

particularly in the absence of hair.

Skin can optionally be abrased prior to administration of a composition e.g. using emery
paper.

Thus compositions can be delivered to Langerhans cells by intradermal administration,
transdermal administration, epidermal administration, topical administration (particularly after

abrasion), etc. Delivery devices of the invention therefore include devices adapted for delivery by

these routes.

Immunogenicity testing

Methods for testing the immunogenicity of influenza vaccines are well known in the art. One
method involves the following procedure: (a) Just prior to vaccination, a 10 ml venous blood sample
is taken from a patient, normally from the arm, for base-line titration of circulating anti-HA

antibodies; (b) Immediately thereafter, a patient receives 1 dose of vaccine which, if administered to

-6-



10

15

20

25

30

35

CA 02586690 2007-05-01
WO 2006/062637 PCT/US2005/039982

the arm, shall be given into the opposite arm from which blood was drawn; (c) Approximately 3
weeks after vaccination, a 10 ml blood sample shall be taken from patients. Sera are separated from
the blood samples and stored (if necessary) at —20°C. Sera are assayed for anti-haemagglutinin
antibody against the relevant strains, by hemagglutination inhibition (HI [49]) or single radial
hemolysis (SRH [50,51]). Positive and negative sera as well as reference preparations can be
obtained from public reference laboratories. Antibody titrations are performed in duplicate, and pre-
and post-vaccination sera are titrated simultaneously. The titter assigned to each sample is the
geometric mean of two independent determinations (but, for the purposes of calculation, any HI
result <10 (= undetectable) is expressed as 5 and any negative SRH result is expressed as 4mm?

under standard conditions).

In HI tests, seroconversion corresponds to a ratio of pre- and post-immunization titers of >40
and a significant (e.g. at least 4-fold) increase in antibody titer. In SRH tests, seroconversion
corresponds to a post-vaccination area >25mm?, with at least a 50% in area relative to the

pre-vaccination area.

Preferred vaccines of the invention cause seroconversion of patients according to the tests set

out in reference 52.

General

The term “comprising” encompasses “including” as well as “consisting” e.g. a composition

“comprising” X may consist exclusively of X or may include something additional e.g. X + Y.
The term “about” in relation to a numerical value x means, for example, x+10%.

The word “substantially” does not exclude “completely” e.g. a composition which is
“substantially free” from Y may be completely free from Y. Where necessary, the word

“substantially” may be omitted from the definition of the invention.

Further general information on influenza vaccines, including strains, cell lines for growth,
doses, combinations, formulations, etc. can be found in chapters 17 & 18 of reference 53. Further
details on influenza virus, including details of its life cycle during viral growth, can be found in

chapter 46 of reference 54.

MODES FOR CARRYING OUT THE INVENTION
Pediatric immunization

A trivalent vaccine is prepared from influenza virus strains A/New Caledonia/20/99 (HIN1),
A/Wellington/1/2004(H3N2) and B/Shanghai/361/2002. These are the three prototype strains
selected for the southern hemisphere 2005 winter season. The vaccine contains purified surface
antigens from the three viruses, standardised at 2.5ug HA per dose for each strain. The vaccine
contains an aluminum-based adjuvant and no preservative. The vaccine is applied the tips of the
needles of a microprojection array device.

-7-
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Children who have not previously received an influenza shot are selected for receiving
immunisation according to the invention. A relatively hair-free patch of skin on a patient’s arm is
identified, and the microneedles device is applied to that skin. For some children, the skin is lightly
abrased prior to application of the device. Pre- and post-immunization sera are tested as described in

reference 52.

Adult immunization

A monovalent vaccine is prepared from a H5N1 reassortant strain derived from the A/Hong

Kong/213/2003 strain. The vaccine contains purified surface antigens from the virus, standardized at

2.5ug HA per dose for each strain. The vaccine contains an aluminum-based adjuvant and no

preservative. The vaccine is applied the tips of the needles of a microprojection array device.

Adults aged 50-60 who have previously received at least two yearly influenza shots with the
usual HIN1 and H3N2 strains are selected for receiving immunization according to the invention. A
relatively hair-free patch of skin on a patient’s arm is identified, and the microneedle device is
applied to that skin. For some patients, the skin is lightly abrased prior to application of the device.

Pre- and post-immunization sera are tested as described in reference 52.

It will be understood that the invention is described above by way of example only and

modifications may be made while remaining within the scope and spirit of the invention.
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CLAIMS:
1. A method for immunizing a patient against influenza virus comprising the step of

administering an immunogenic composition to the patient, wherein

(a) the patient is immunologically naive to influenza virus;
5 (b) the immunogenic composition comprises an influenza virus antigen; and
(©) the immunogenic composition is delivered to the patient’s Langerhans cells.
2. The method of claim 1, wherein the patient is a child aged between 0 and 18 months.
|
10 3. The method of claim 1, wherein the immunogenic composition is delivered to the

patient’s Langerhans cells by intradermal injection, transdermal injection or topical administration.

4. The method of claim 1, wherein the immunogenic composition further comprises an
adjuvant.
15
5. The method of claim 1, wherein the immunogenic composition comprises 15ug of

HA per strain of influenza virus.

6. The method of claim 1, wherein the immunogenic composition comprises between

20 0.1 and 8 ug of HA per strain of influenza virus.

1. The method of claim 1, wherein the immunogenic composition has a volume of
between 0.05 and 0.5 ml.
25 8. A method for immunizing a patient against an influenza virus comprising the step of

administering an immunogenic composition to the patient, wherein

(a) the patient is immunologically naive to the influenza virus genus;
(b) the immunogenic composition comprises an influenza virus antigen; and
() the immunogenic composition is delivered to the patient’s Langerhans.

30
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0. The method of claim 8, wherein the patient is immunologically naive to the influenza

virus subtype.

10. The use of an influenza virus antigen in the manufacture of a medicament for

5  immunizing a patient against influenza virus, wherein:

(a) the delivery device includes an immunogenic composition;
(b) the immunogenic composition comprises an influenza virus antigen; and
(c) the delivery device is adapted to deliver the immunogenic composition to Langerhans

cells.

10
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