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COMPOSITIONS AND METHODS FOR TREATING INFLUENZA
Cross Reference to Related Applications
[0001] This application claims priority to United States Provisional Patent Application

Serial No. 61/361,898, filed on July 6, 2010 and United States Provisional Patent Application
Serial No. 61/431,218, filed on January 10, 2011; the entirety of each of which ishereby
incorporated by reference.

Background

[0002] Influenza is a common infectious disease of the respiratory system associated
with the Orthomyxoviridae family of viruses. Because of the high degree of variability of the
virus, vaccination istypically required on ayearly basis with areformulated vaccine that takes
into account strain variations. The composition of the vaccine developed each year in the United
States is determined by the Department of Food and Drug Administration Vaccines and the
Related Biologicals Advisory Committee. The World Health Organization (WHO) similarly
operates aglobal surveillance network of laboratories, for detection of new influenza variants,
e.g., see Lavanchy, Vaccinell :S24 (1999). Selection isbased on antigenic anaysis of recently
isolated influenza viruses, the patterns of spread of antigenic variants, and the antibody responses

of recently vaccinated subjects.

[0003] Influenza A and B are the two types of influenza viruses that cause epidemic
human disease. Influenza A viruses are further categorized into subtypes on the basis of two
surface antigens: hemagglutinin (HA) and neuraminidase (N). For example, the HINI  subtype
of influenza A viruses have ahemagglutinin type 1 antigen (HI) and a neuraminidase type 1
antigen (NI) while the H3N2 subtype have ahemagglutinin type 3 antigen (H3) and a
neuraminidase type 2 antigen (N2). Influenza B viruses are not categorized into subtypes. Since
1977, influenza A (HINI) viruses, influenza A (H3N2) viruses and influenza B viruses have
been in global circulation. Vaccination isrecognized as the single most effective way of
preventing or attenuating influenza for those at high risk of serious illness from influenza

infection and related complications. The inoculation of antigen prepared from inactivated
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influenza virus stimulates the production of specific antibodies. Protection is afforded only

against those strains of virus from which the vaccine is prepared or closely related strains.

[0004] Each year' s vaccine contains antigens from three virus strains (referred to as
trivalent vaccine usually containing antigens from two type A strains and one type B strain)
representing the influenza viruses that are believed likely to circulate in the coming winter. The
antigenic characteristics of current and emerging influenza virus strains provide the basis for
selecting strains included in each year's vaccine. The WHO reviews the world epidemiological
situation annually and if necessary recommends new strains based on the current epidemiological

evidence.

[0005] While influenza vaccines have been successful inreducing the incidence of
influenza worldwide, there remains aneed in the art for improved influenza vaccines that are

stable and retain potency.

Summary

[0006] The present disclosure provides compositions and methods useful for treating
influenza. Asdescribed herein, provided compositions and methods are based on the
development of certain compositions that include an influenza virus hemagglutinin antigen in
combination with lipid vesicles that include anon-ionic surfactant (NISVs) and optionally an
adjuvant. In certain embodiments, provided compositions remain potent even when they are not

stored in astandard cold-chain system (i.e., they are thermostable).

[0007] In one aspect, the present disclosure provides compositions that comprise an
influenza virus hemagglutinin antigen and lipid vesicles, wherein the lipid vesicles are comprised
of lipids that are present in the composition in an amount that achieves alipid: antigen weight
ratio within arange of about 50: 1 to about 400: 1 and the lipids include anon-ionic surfactant. In

certain embodiments, provided compositions are immunogenic.

[0008] In another aspect, the present disclosure provides immunogenic compositions that
comprise an influenza virus hemagglutinin antigen and lipid vesicles, wherein the lipid vesicles
are comprised of lipids that are present in the composition in an amount that achieves a
lipid:antigen weight ratio of at least about 50:1 and the lipids include anon-ionic surfactant.
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[0009] In certain embodiments, the aforementioned compositions are liquid. In certain

embodiments, the aforementioned compositions are dried (e.g., lyophilized).

[0010] In another aspect, the present disclosure provides dried (e.g., lyophilized)

compositions that comprise an influenza virus hemagglutinin antigen and lipid vesicles, wherein
the lipid vesicles are comprised of lipids that are present in the composition in an amount that
achieves alipid:antigen weight ratio of at least about 30:1, the lipids include anon-ionic
surfactant and the moisture content of the composition is less than about 2% by weight. In
certain embodiments, the lipid:antigen weight ratio is at least about 40:1 or 50:1. In certain
embodiments, the moisture content of provided compositions isless than about 1.9%, 1.8%,
1.7%, 1.6%, 1.5%, 1.4%, 1.3%, 1.2%, 1.1%, 1%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, or 0.4% by
weight. In certain embodiments, the moisture content of provided compositions isin the range
of about 0.4% to about 2% by weight. In certain embodiments, the moisture content of provided
compositions isin the range of about 0.5% to about 1.9% by weight. In certain embodiments,
the moisture content of provided compositions isin the range of about 0.6% to about 1.8% by
weight. In certain embodiments, the moisture content of provided compositions isin the range
of about 0.7% to about 1.7% by weight. In certain embodiments, the moisture content of
provided compositions is in the range of about 0.8% to about 1.6% by weight. In certain
embodiments, the moisture content of provided compositions isin the range of about 0.9% to
about 1.5% by weight. In certain embodiments, the moisture content of provided compositions
isin the range of about 1% to about 1.4% by weight. In certain embodiments, the moisture
content of provided compositions isin the range of about 0.5% to about 1% by weight. In
certain embodiments, the moisture content of provided compositions is in the range of about
0.5% to about 1.5% by weight. In certain embodiments, the moisture content of provided
compositions isin the range of about 0.5% to about 2% by weight. In certain embodiments, the
moisture content of provided compositions isin the range of about 1% to about 1.5% by weight.
In certain embodiments, the moisture content of provided compositions isin the range of about
1% to about 2% by weight. In certain embodiments, the moisture content of provided

compositions isin the range of about 1.5% to about 2% by weight.

[0011] In certain embodiments, the lipid:antigen weight ratio in one of the
aforementioned compositions is at least about 60:1, 70:1, 80:1, 90:1, 100:1, 110:1, 120:1, 130:1,
140:1, 150:1, 160:1, 170:1, 180:1, 190:1, 200:1, 210:1, 220:1, 230:1, 240:1, 250:1, 260:1, 270:1,
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280:1, 290:1 or 300:1. In certain embodiments, the lipid:antigen weight ratio in one of the
aforementioned compositions isless than about 400:1, 390:1, 380:1, 370:1, 360:1, 350:1, 340:1,
330:1, 320:1 or 310:1.

[0012] In certain embodiments, the lipid:antigen weight ratio in one of the
aforementioned compositions iswithin arange of about 50:1 to about 60:1, 70:1, 80:1, 90:1,
100:1, 110:1, 120:1, 130:1, 140:1, 150:1, 160:1, 170:1, 180:1, 190:1, 200:1, 210:1, 220:1, 230:1,
240:1, 250:1, 260:1, 270:1, 280:1, 290:1, 300:1, 310:1, 320:1, 330:1, 340:1, 350:1, 360:1, 370:1,
380:1, 390:1 or 400:1. In certain embodiments, the lipid:antigen weight ratio in one of the
aforementioned compositions iswithin arange of about 50:1, 60:1, 70:1, 80:1, 90:1, 100:1,
110:1, 120:1, 130:1, 140:1, 150:1, 160:1, 170:1, 180:1, 190:1, 200:1, 210:1, 220:1, 230:1, 240:1,
250:1, 260:1, 270:1, 280:1, 290:1, 300:1, 310:1, 320:1, 330:1, 340:1, 350:1, 360:1, 370:1, 380:1,
or 390:1 to about 400:1.

[0013] In certain embodiments, the lipid:antigen weight ratio in one of the
aforementioned compositions iswithin arange of about 50:1 to about 100:1, about 50:1 to about
150:1, about 50:1 to about 200:1, about 50:1 to about 250:1, about 50:1 to about 300:1, about
50:1 to about 350:1, or about 50:1 to about 400:1. In certain embodiments, the lipid:antigen
weight ratio in one of the aforementioned compositions is within arange of about 100:1 to about
150:1, about 100:1 to about 200:1, about 100:1 to about 250:1, about 100:1 to about 300:1, about
100:1 to about 350:1, or about 100:1 to about 400:1. In certain embodiments, the lipid:antigen
weight ratio in one of the aforementioned compositions is within arange of about 150:1 to about
200:1, about 150:1 to about 250:1, about 150:1 to about 300:1, about 150:1 to about 350:1, or
about 150: 1to about 400: 1. In certain embodiments, the lipid:antigen weight ratio in one of the
aforementioned compositions iswithin arange of about 200:1 to about 250:1, about 200:1 to
about 300:1, about 200:1 to about 350:1, or about 200:1 to about 400:1. In certain embodiments,
the lipid: antigen weight ratio in one of the aforementioned compositions iswithin arange of
about 250:1 to about 300:1, about 250:1 to about 350:1, or about 250:1 to about 400:1. In certain
embodiments, the lipid: antigen weight ratio in one of the aforementioned compositions iswithin
arange of about 300:1 to about 350:1, or about 300:1 to about 400:1. In certain embodiments,
the lipid: antigen weight ratio in one of the aforementioned compositions iswithin arange of

about 350: 1to about 400: 1. In certain embodiments, the lipid:antigen weight ratio in one of the
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aforementioned compositions is about 200:1, 210:1, 220:1, 230:1, 240:1, 250:1, 260:1, 270:1,
280:1, 290:1, 300:1, 310:1, 320:1, 330:1, 340:1, 350:1, 360:1, 370:1, 380:1, 390:1 or 400:1.

[0014] In certain embodiments, the aforementioned compositions exhibit less than 50%
change in immunogenicity as determined by a Hemagglutination Inhibition (HAI) assay when
stored for 6 months at 40°C. In certain embodiments, provided compositions exhibit less than
40%, less than 30%, less than 20%, less than 10%, less than 5% or less than 2% change in

immunogenicity.

[0015] In certain embodiments, the aforementioned compositions exhibit less than 50%
loss of antigen content as determined by an Enzyme- Linked Immunosorbent Assay (ELISA)
when stored for 6 months at 40°C. In certain embodiments, provided compositions exhibit less
than 40%, less than 30%, less than 20%, less than 10%, less than 5% or less than 2% loss of

antigen content.

[0016] In certain embodiments, the aforementioned compositions are more stable when
stored for 6 months at 40°C than areference composition that lacks the lipid vesicles. In certain
embodiments, stability isbased on immunogenicity as determined by an HAI assay. In certain
embodiments, stability isbased on antigen content as determined by an ELISA.

[0017] In yet another aspect, the present disclosure provides immunogenic compositions
that comprise an influenza virus hemagglutinin antigen and lipid vesicles, wherein the lipid
vesicles are comprised of lipids that include anon-ionic surfactant and the composition exhibits
less than 50% change in immunogenicity as determined by an HAI assay when stored for 6
months at 40°C. In certain embodiments, provided compositions exhibit less than 40%, less than

30%, less than 20%, less than 10%, less than 5% or less than 2% change in immunogenicity.

[0018] In yet another aspect, the present disclosure provides immunogenic compositions
that comprise an influenza virus hemagglutinin antigen and lipid vesicles, wherein the lipid
vesicles are comprised of lipids that include anon-ionic surfactant and the composition exhibits
less than 50% loss of antigen content as determined by an ELISA when stored for 6 months at
40°C. In certain embodiments, provided compositions exhibit less than 40%, less than 30%, less

than 20%, less than 10%, less than 5% or less than 2% loss of antigen content.
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[0019] In yet another aspect, the present disclosure provides immunogenic compositions
that comprise an influenza virus hemagglutinin antigen and lipid vesicles, wherein the lipid
vesicles are comprised of lipids that include anon-ionic surfactant and the composition is more
stable when stored for 6 months at 40°C than areference composition that lacks the lipid
vesicles. In certain embodiments, stability isbased on immunogenicity as determined by an HAI
assay. In certain embodiments, stability isbased on antigen content as determined by an ELISA.

[0020] In certain embodiments, the aforementioned compositions are prepared by a
method that includes: melting the lipids to produce molten lipids; combining the molten lipids
with an aqueous solution that includes the influenza virus hemagglutinin antigen; and

homogenizing the resulting product.

[0021] In certain embodiments, lipids (e.g., molten lipids) and agueous solution are
combined in relative amounts that achieve the desired lipid: antigen weight ratio in the resulting
product (e.g., at least about 50:1 or any one of the aforementioned ranges). In certain
embodiments, molten lipids are added to the agueous solution that includes the influenza virus
hemagglutinin antigen. In certain embodiments, aqueous solution that includes the influenza

virus hemagglutinin antigen is added to the molten lipids.

[0022] In certain embodiments, lipids (e.g., molten lipids) and agueous solution are
combined in relative amounts and volumes that achieve alipid concentration of at least about 10
mg/ml in the resulting product. In certain embodiments, alipid concentration of at least about
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90 or 95 mg/ml is achieved. In certain
embodiments, the lipid concentration isin arange of about 10 mg/ml to about 15, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100 mg/ml. In certain embodiments, the lipid
concentration isin arange of about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90 or 95 mg/ml to about 100 mg/ml. In certain embodiments, the lipid concentration isin a
range of about 25 mg/ml to about 100 mg/ml, about 25 mg/ml to about 75 mg/ml, about 25
mg/ml to about 50 mg/ml, about 50 mg/ml to about 75 mg/ml, or about 50 mg/ml to about 100

mg/ml.

[0023] In certain embodiments, lipids (e.g., molten lipids) and agueous solution are
combined in relative amounts and volumes that achieve both the desired lipid: antigen weight

ratio (e.g., at least about 50:1 or any one of the aforementioned ranges) and alipid concentration
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of at least about 10 mg/ml (or any one of the other lipid concentration ranges) in the resulting

product.

[0024] In certain embodiments, lipids (e.g., molten lipids) and antigen are combined in
relative amounts that achieve alipid content of at least about 5 mg per unit dose of composition
(e.g., adried unit dose of composition in a sealed container that isbeing stored prior to
rehydration). In certain embodiments, alipid content of at least about 6, 7, 8, 9, 10, 15, 20, 25,
30, 35, 40, 45 or 50 mg per unit dose of composition is achieved. In certain embodiments, the
lipid content isin arange of about 5 mg to about 50 mg, about 5 mg to about 40 mg, about 5 mg
to about 30 mg, about 10 mg to about 50 mg, about 10 mg to about 40 mg, about 10 mg to about
30 mg, about 20 mg to about 50 mg, about 20 mg to about 40 mg, or about 20 mg to about 30

mg.

[0025] In certain embodiments, lipids (e.g., molten lipids) and antigen are combined in
relative amounts that achieve both the desired lipid:antigen weight ratio (e.g., at least about 50:1
or any one of the aforementioned ranges) and alipid content of at least about 5 mg per unit dose

(or any one of the other lipid content ranges).

[0026] In certain embodiments, lipids (e.g., molten lipids) and agueous solution are
combined in relative amounts and volumes that achieve the desired lipid: antigen weight ratio
(e.g., a least about 50:1 or any one of the aforementioned ranges), alipid content of at |east
about 5 mg per unit dose (or any one of the other lipid content ranges) and alipid concentration
of at least about 10 mg/ml (or any one of the other lipid concentration ranges) in the resulting

product.

[0027] In yet another aspect, the present disclosure provides compositions that comprise
an influenza virus hemagglutinin antigen and lipid vesicles, wherein the lipid vesicles are
comprised of lipids that include a non-ionic surfactant and the compositions are prepared by a
method that includes: melting the lipids to produce molten lipids, combining the molten lipids
with an aqueous solution that includes the influenza virus hemagglutinin antigen; and
homogenizing the resulting product, wherein the molten lipids and agueous solution are
combined in relative amounts that achieve the desired lipid: antigen weight ratio (e.g., at least
about 50:1 or any one of the aforementioned ranges) in the resulting product. In certain

embodiments, molten lipids are added to the agueous solution that includes the influenza virus
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hemagglutinin antigen. In certain embodiments, agueous solution that includes the influenza

virus hemagglutinin antigen is added to the molten lipids.

[0028] In yet another aspect, the present disclosure provides compositions that comprise
an influenza virus hemagglutinin antigen and lipid vesicles, wherein the lipid vesicles are
comprised of lipids that include a non-ionic surfactant and the compositions are prepared by a
method that includes: melting the lipids to produce molten lipids; combining the molten lipids
with an aqueous solution that includes the influenza virus hemagglutinin antigen; and
homogenizing the resulting product, wherein the molten lipids and aqueous solution are
combined in relative amounts and volumes that achieve alipid concentration of at least about 10
mg/ml (or any one of the other lipid concentration ranges) in the resulting product. In certain
embodiments, molten lipids and agueous solution are combined in relative amounts and volumes
that achieve both the desired lipid:antigen weight ratio (e.g., at least about 50:1 or any one of the
aforementioned ranges) and alipid concentration of at least about 10 mg/ml (or any one of the
other lipid concentration ranges) in the resulting product. In certain embodiments, the lipid
content is also at least about 5 mg per unit dose (or any one of the other lipid content ranges). In
certain embodiments, molten lipids are added to the aqueous solution that includes the influenza
virus hemagglutinin antigen. In certain embodiments, aqueous solution that includes the
influenza virus hemagglutinin antigen is added to the molten lipids.

[0029] In certain embodiments, influenza virus hemagglutinin antigen isfrom an
influenza A HINI strain. In certain embodiments, influenza virus hemagglutinin antigen is from
an influenza A H3N2 strain. In certain embodiments, influenza virus hemagglutinin antigen is
from aninfluenza B strain. In certain embodiments, influenza virus hemagglutinin antigenis
from two or more of an influenza A HINI strain, an influenza A H3N2 strain and an influenza B
strain. In certain embodiments, influenza virus hemagglutinin antigen isfrom an influenza A
HINI strain, an influenza A H3N2 strain and an influenza B strain. In certain embodiments,
provided compositions comprise approximately equal amounts of influenza virus hemagglutinin

antigen from each strain.

[0030] In certain embodiments, provided compositions comprise one or more inactivated
influenza viruses that include influenza virus hemagglutinin antigen. In certain embodiments,

provided compositions comprise one or more attenuated influenza viruses that include influenza
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virus hemagglutinin antigen. In certain embodiments, influenza virus hemagglutinin antigen is
present as asplit virus antigen. In certain embodiments, influenza virus hemagglutinin antigen is
present as asubunit antigen. In certain embodiments, at least aportion of the influenza virus
hemagglutinin antigen is associated with lipid vesicles. In certain embodiments, at least a

portion of the influenza virus hemagglutinin antigen isentrapped within lipid vesicles.

[0031] In certain embodiments, provided compositions further comprise an adjuvant. In
certain embodiments, provided compositions comprise a TLR-4 agonist adjuvant. In certain
embodiments, provided compositions comprise an attenuated lipid A derivative. In certain
embodiments, provided compositions comprise a monophosphoryl derivative of lipid A. In
certain embodiments, provided compositions comprise a 3-deacyl monophosphory! derivative of
lipid A. In certain embodiments, at least aportion of TLR-4 agonist adjuvant is associated with
lipid vesicles. In certain embodiments, TLR-4 agonist adjuvant is co-melted with lipids during
preparation of provided compositions. In certain embodiments, TLR-4 agonist adjuvant is
combined with molten lipids and aqueous solution that includes influenza virus hemagglutinin
antigen during preparation of provided compositions (e.g., by mixing with the agueous solution
that includes influenza virus hemagglutinin antigen before it is combined with molten lipids). In
certain embodiments, TLR-4 agonist adjuvant is added prior to drying (e.g., lyophilization) of

provided compositions.

[0032] In certain embodiments, provided compositions are prepared by a method that
does not involve storing them under temperature-controlled conditions. In certain embodiments,
provided compositions are prepared by amethod that involves storing them at atemperature that
at least temporarily exceeds 8°C, 15°C, 20°C, 25°C, 30°C or 35°C.

[0033] In certain embodiments, provided compositions are prepared by a method that
involves storing them in dried (e.g., lyophilized) form.

[0034] In another aspect, the present disclosure provides methods of treating a subject
suffering from, or at risk for, an influenza infection by providing one of the aforementioned
compositions in dried (e.g., lyophilized) form; rehydrating the composition; and administering to
the subject atherapeutically effective amount of the rehydrated composition. In certain

embodiments, rehydrated compositions are administered by intramuscular injection.
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[0035] In yet another aspect, the present disclosure provides methods of preparing
compositions that comprise an influenza virus hemagglutinin antigen and lipid vesicles, wherein
the lipid vesicles are comprised of lipids that include anon-ionic surfactant, the method
comprising: melting the lipids to produce molten lipids, combining the molten lipids with an
aqueous solution that includes the influenza virus hemagglutinin antigen; and homogenizing the
resulting product, wherein the molten lipids and aqueous solution are combined in relative
amounts that achieve the desired lipid:antigen weight ratio (e.g., at least about 50:1 or any one of
the aforementioned ranges) in the resulting product. In certain embodiments, molten lipids are
added to the agueous solution that includes the influenza virus hemagglutinin antigen. In certain
embodiments, aqueous solution that includes the influenza virus hemagglutinin antigen is added

to the molten lipids.

[0036] In yet another aspect, the present disclosure provides methods of preparing
compositions that comprise an influenza virus hemagglutinin antigen and lipid vesicles, wherein
the lipid vesicles are comprised of lipids that include anon-ionic surfactant, the method
comprising: melting the lipids to produce molten lipids, combining the molten lipids with an
aqueous solution that includes the influenza virus hemagglutinin antigen; and homogenizing the
resulting product, wherein the molten lipids and aqueous solution are combined in relative
amounts and volumes that achieve alipid concentration of at least about 10 mg/ml (or any one of
the other lipid concentration ranges) in the resulting product. In certain embodiments, molten
lipids and aqueous solution are combined in relative amounts and volumes that achieve both the
desired lipid:antigen weight ratio (e.g., at least about 50:1 or any one of the aforementioned
ranges) and alipid concentration of at least about 10 mg/ml (or any one of the other lipid
concentration ranges) in the resulting product. In certain embodiments, molten lipids are added
to the aqueous solution that includes the influenza virus hemagglutinin antigen. In certain
embodiments, aqueous solution that includes the influenza virus hemagglutinin antigen is added

to the molten lipids.

10
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Brief Description of the Drawing

[0037] Figure 1 shows the chemical structure of the exemplary TLR-4 agonist adjuvant
phosphorylated hexaacyl disaccharide (ammonium salt) or PHAD (from Avanti Polar Lipids,
Inc. of Alabaster, AL).

[0038] Figure 2 shows the chemical structure of another exemplary TLR-4 agonist
adjuvant di[3-deoxy-D-manno-octulosonyl]-lipid A (ammonium salt) (from Avanti Polar Lipids,
Inc. of Alabaster, AL).

[0039] Figure 3 shows the potency against HIN1 virus of an exemplary licensed
influenza vaccine in mice (dose-sparing at /30X standard human unit dose where a "standard
mouse unit dose" is0.1X of the standard human unit dose, i.e., once the size differences between
humans and mice are taken into account) either formulated with NISV (Group 2) or not
formulated with NISV (Group 3) with the exemplary TLR-4 agonist adjuvant PHAD compared
to the licensed influenza vaccine (dose-equivalent at 0.1X standard human unit dose where a
"standard mouse unit dose”" is0.1X of the standard human unit dose, i.e., once the size
differences between humans and mice are taken into account) without formulation into NISV or
adjuvant (Group 1) as described in Example 2, Table 4.

[0040] Figure 4 shows the potency against H3N2 virus of an exemplary licensed
influenza vaccine in mice (dose-sparing at /30X standard human unit dose) either formulated
with NISV (Group 2) or not formulated with NISV (Group 3) with the exemplary TLR-4 agonist
adjuvant PHAD compared to the licensed influenza vaccine (dose-equivalent at 0.1X standard
human unit dose) without formulation into NISV or adjuvant (Group 1) as described in Example
2, Table 4.

[0041] Figure 5 shows the potency dose response against HIN1 virus (A) and H3N2
virus (B) of an unformulated (i.e., used "as is") licensed influenza vaccine in mice (dose-
equivalent at 0.1X standard human unit dose) versus the licensed influenza vaccine formulated
with NISV (dose-sparing at /30X standard human unit dose) and unadjuvanted or formulated
with NISV with increasing amounts (1-50 pg) of the exemplary TLR-4 agonist adjuvant PHAD.
All compositions were injected into mice IM and serawere tested 15 days after the second
immunization. The results are presented as HAI titers against HIN1 and H3N2 and the

geometric mean(s) for the same data set(s).
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[0042] Figure 6 shows the potency against HIN1 virus and H3N2 virus of an exemplary
licensed influenza vaccine in mice (dose-sparing at /30X standard human unit dose) either
formulated with NISV or not formulated with NISV with the exemplary TLR-4 agonist adjuvant
PHAD compared to the licensed influenza vaccine (dose-equivalent at 0.1X standard human unit
dose) without formulation into NISV or adjuvant as described in Example 4, Table 6. All
compositions were stored at 4°C and 40°C for 6 months and then injected into mice IM and sera
were tested 15 days after the second immunization. The results are presented as HAI titers
against HIN1 or H3N2.

[0043] Figure 7 shows the potency against HIN1 virus and H3N2 virus of an
unadjuvanted exemplary licensed influenza vaccine in mice (dose-equivalent at 0.1X standard
human unit dose) formulated with NISV compared to the licensed influenza vaccine (dose-
equivalent at 0.1X standard human unit dose) as described in Example 4, Table 6. Al
compositions were stored at 4°C and 40°C for 6 months and then injected into mice IM and sera
were tested 15 days after the second immunization. The results are presented as HAI titers
against HIN1 or H3N2.

[0044] Figure 8 shows in vitro data of HA antigen content for commercial Fluzone® that
was: (A) formulated with NISVs or (B) without NISVs as determined by sSELISA; T=0, 1,3
and 6 months stored at 4°C, 25°C and 40°C. Both compositions were dose-sparing and
adjuvanted with the exemplary TLR-4 agonist adjuvant PHAD.

[0045] Figure 9 shows in vitro data of HA antigen content for unformulated commercial
influenza vaccines Fluzone®, Fluvirin® and FluLaval ® versus the same commercial influenza
vaccines formulated with NISVs. Aliquots of reconstituted samples were analysed by sELISA to
determine antigen content (or "in vitro potency") for the compositions at T = 3 months at 4°C
and 40°C.

[0046] Figure 10 shows the potency against H3N2 virus of an exemplary licensed
influenza vaccine (dose-sparing at 1/3X standard human unit dose, where a "standard monkey
unit dose" is I X of the standard human unit dose) in rhesus macaques either formulated with
NISV and adjuvanted with the exemplary TLR-4 agonist adjuvant PHAD or formulated with

NISV and unadjuvanted compared to the licensed influenza vaccine (dose-equivalent at 1 X
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standard human unit dose, where a "standard monkey unit dose" is | X of the standard human

unit dose) without formulation into NISV or adjuvant.

[0047] Figure 11 shows in vitro HA antigen content for unformulated commercial
Fluzone® (Test article 8) versus a300:1 lipid:antigen ratio NISV Fluzone® composition (Test
article 3), a 100:1 lipid:antigen ratio NISV Fluzone® composition (Test article 2) and a 30:1
lipid: antigen ratio NISV Fluzone® composition (Test article 1). Aliquots of reconstituted
samples were analysed by sELISA to determine antigen content (or "in vitro potency") for the
four compositions at (A) T = 0and (B) T = 3 months at 40°C.

[0048] Figure 12 shows the potency against (A) HIN1 virus and (B) H3N2 virus of
various NISV Fluzone® compositions at different lipid: antigen ratios, lipid concentrations and
lipid contents as described in Example 7. The compositions at T = O were injected into mice IM
and sera were tested 15 days after the second immunization. The results are presented as
individual HAI titers against HIN1 and H3N2 and the geometric mean(s) for the same data
Set(s).

[0049] Figure 13 shows the potency against (A) HIN1 virus and (B) H3N2 virus of
various NISV Fluzone® compositions at different lipid: antigen ratios and different lipid
concentrations (during homogenization and/or reconstitution) as described in Example 7. All
compositions were stored at 4°C and 40°C for 3 months and then injected into mice IM and sera
were tested 15 days after the second immunization. The results are presented as the geometric
mean of HAI titers against HIN1 and H3N2.

Definitions
[0050] Throughout the present disclosure, several terms are employed that are defined in
the following paragraphs.
[0051] Asused herein, the term "antigen” refers to a substance containing one or more

epitopes (either linear, conformational or both) that iS/are recognized by an antibody. In some
embodiments, the antibody is ahuman antibody, in some embodiments, raised in ahuman
organism exposed to the antigen, in some embodiments where such exposure occurs by or
includes exposure in the bloodstream. In certain embodiments, an antigen may be an

"Immunogen.”
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[0052] Asused herein, the term "immune response” refers to aresponse elicited in ahost
animal. Animmune response may refer to cellular immunity, humoral immunity or may involve
both. Animmune response may be limited to apart of the immune system. For example, in
certain embodiments, an increased |FNy response is considered to be an immune response. In
certain embodiments, a mucosal IgA response (e.g., as measured in nasal and/or rectal washes) is
considered to be an immune response. In certain embodiments, a systemic 1gG response (e.g., as
measured in serum) is considered to be an immune response. In certain embodiments,
production, by the host animal, of antibodies that inhibit hemagglutination, e.g., as measured in a

Hemagglutination Inhibition (HAI) assay is considered to be an immune response.

[0053] Asused herein, the term "immunogenic” isused to refer to a substance that
produces an immune response in ahost animal against anon-host entity (e.g., an influenza
virus). In certain embodiments, thisimmune response forms the basis of the protective immunity
elicited by avaccine against a specific infectious organism (e.g., an influenza virus). In certain
embodiments, an immunogenic substance produces an immune response in humans. In certain
embodiments, an immunogenic substance produces an immune response when contacted with
the bloodstream of abody, for example of ahuman body.

[0054] Asused herein, the term "therapeutically effective amount” refers to an amount
sufficient to show ameaningful benefit in a subject being treated, when administered as part of a
therapeutic dosing regimen. Those of ordinary skill in the art will appreciate that, in some
embodiments, a particular composition may be considered to contain atherapeutically effective
amount if it contains an amount appropriate for aunit dosage form administered in atherapeutic
dosing regimen, even though such amount may be insufficient to achieve the meaningful benefit
if administered as a single unit dose. Those of ordinary skill will further appreciate that a
therapeutically effective amount of an immunogenic composition may differ for different
subjects receiving the composition, for example depending on such factors as the desired
biological endpoint, the nature of the composition, the route of administration, the health, size
and/or age of the subject being treated, etc. In some embodiments, atherapeutically effective
amount is one that has been correlated with beneficial effect when administered as part of a
particular therapeutic dosing regimen (e.g., asingle administration or a series of administrations
such as in atraditional "boosting” regimen). In some embodiments, atherapeutically effective

amount is one that has been approved by atherapeutic licensing body (e.g., the Food and Drug
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Administration or the European Medicines Agency) as part of aparticular therapeutic dosing
regimen (e.g., see the package inserts for various licensed influenza vaccines as set forth by the
Food and Drug Administration at www.fda.gov/BiologicsBloodV accines/V accines/
ApprovedProducts/ucml81950.htm for licensed monovalent vaccines and www.fda.gov/
BiologicsBloodV accines/V accines/ A pprovedProducts/ucm094045.htm for licensed trivalent

vaccines).

[0055] Asused herein, the term "treat" (or "treating”, "treated”, "treatment”, etc.) refers
to the administration of provided compositions to a subject who is suffering from or susceptible
to adisease, a symptom of adisease or apredisposition toward adisease, with the purpose to
alleviate, relieve, ater, ameliorate, improve or affect the disease, a symptom or symptoms of the
disease, or the predisposition toward the disease. In certain embodiments, the term "treating”
refers to vaccination of asubject. In general, treatment can achieve reduction in severity and/or
frequency of one or more symptoms or characteristics of the disease, and/or can delay onset of
one or more such symptoms or characteristics.

Detailed Description of Certain Embodiments

[0056] All vaccines lose potency over time and the rate of potency loss is temperature-
dependent. Therefore, cold-chain systems have been established to ensure that the potency of
vaccines is maintained by storing them under refrigerated conditions (in most cases between 2
and 8°C) until the point of use. Establishing a cold-chain for vaccine storage and distribution is a
major undertaking and maintenance is difficult. It isalso apparent that, despite best efforts, cold-
chains do not always function as intended for many reasons, such as improperly maintained or
outdated refrigeration equipment, power outages resulting in equipment failure, poor compliance
with cold-chain procedures and inadequate monitoring. Theresult isthat vaccinesin the cold-
chain are often subjected to temperature excursions (i.e., temperatures outside of the target

range).

[0057] For current influenza trivalent vaccines on the market which are predominantly
available in aliquid composition, it isimportant to understand the importance of cold-chain
reguirements and proper vaccine management in order to ensure that subjects arereceiving a

stable and potent influenza vaccine. If influenza vaccines are not maintained properly (e.g., not
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kept within the required temperature range of 2 to 8°C), the vaccine can become unstable and this
in turn has a significant impact on potency which can result in the vaccinated subject not
converting serologically post immunization. The vaccinated subjects believe that they are
protected because they have been immunized when in fact they remain vulnerable to influenza
infection because the vaccine is not potent due to instability resulting from temperature

excursions.

[0058] The present disclosure provides compositions and methods for treating influenza
that solve some of these challenges. As described herein, provided compositions and methods
are based on the development of certain compositions that include an influenza virus
hemagglutinin antigen in combination with lipid vesicles that include a non-ionic surfactant
(NISVs) and optionally an adjuvant. In certain embodiments, provided compositions remain
potent even when they are not stored in a standard cold-chain system (i.e, they are
thermostable).

I. Influenza virus hemagglutinin antigen

[0059] In general, compositions of the present disclosure include an influenza virus
hemagglutinin antigen. Hemagglutinin antigen utilized in accordance with the present invention
isnot limited to full length wild-type hemagglutinin antigens and, as used herein, the term
"hemagglutinin antigen" therefore also encompasses immunogenic fragments and variants of full
length wild-type hemagglutinin antigens. The term "hemagglutinin antigen" also encompasses
fusion proteins and conjugates that include any of the foregoing. The amount of hemagglutinin
antigen in provided compositions may be determined by any known method in the art. In some
embodiments, the amount of hemagglutinin antigen may be determined by an ELISA (e.g., one
or more sub-type specific SELISAS). This approach is commonly used to standardize the amount

of antigen in split virus vaccines.

[0060] There are no restrictions on the type of hemagglutinin antigen used. In particular,
hemagglutinin antigen may be taken from a single influenza virus strain or acombination of
influenza virus strains. Asdescribed above, current influenza vaccines are usually "trivalent"
vaccines that contain antigens derived from two influenza A virus strains (e.g., HINI and H3N2)

and one influenza B strain. Thus, in certain embodiments, atrivalent composition of the present
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disclosure may include hemagglutinin antigen from an influenza A HIN1 strain, an influenza A
H3N2 strain and an influenza B strain. Certain trivalent compositions may comprise

approximately equal amounts of hemagglutinin antigen from each of these strains.

[0061] Monovalent vaccines are aso known in the art and encompassed by the present
invention. In some embodiments, provided compositions are monovalent. Monovalent vaccines
are often considered to be particularly useful for example in apandemic situation. A
monovalent, pandemic influenza vaccine will most likely contain hemagglutinin antigen from a
single A strain. In some embodiments, hemagglutinin antigen for use in a monovalent
composition will be derived from apandemic influenza strain. For example, in some
embodiments, hemagglutinin antigen for use in amonovaent composition is from an influenza A
(HIN1 of swine origin) strain. Asdemonstrated in the Examples, compositions that include
hemagglutinin antigen from an influenza A H3N2 strain (alone or in combination with other
antigens) are of particular interest because antigens from this strain appear to be particularly
sensitive to high temperatures.

[0062] There are also no restrictions on the source of hemagglutinin antigen used (i.e.,
native, recombinant, synthetic, etc.). Predominantly three types of vaccines are used worldwide
to protect against influenza: whole virus vaccines, split virus vaccines containing external and
internal components of the virus, and subunit vaccines composed of just external components of

the virus (hemagglutinin and neuraminidase).

[0063] In certain embodiments, compositions of the present invention comprise one or
more whole viruses that include hemagglutinin antigen. In certain embodiments, influenza
viruses are inactivated. 1t will be appreciated that any method may be used to prepare an
inactivated influenza virus. WO 09/029695 describes exemplary methods for producing awhole
inactivated virus vaccine. In general, these methods will involve propagating an influenza virus
in ahost cell, optionally lysing the host cell to release the virus, isolating and then inactivating
the virus. Chemical treatment (e.g., formalin, formaldehyde, among others) is commonly used to
inactivate viruses for vaccine preparation. However, it isto be understood that other techniques
could be used, e.g., treatment with chlorine, exposure to high temperatures, etc. In these
treatments the outer virion coat is typically left intact while the replicative function isimpaired.

In certain embodiments, influenza viruses are attenuated. Asiswell known in the art, one
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advantage of avaccine prepared with an attenuated virus lies in the potential for higher
immunogenicity which results from its ability to replicate in vivo without causing afull infection.
Live virus vaccines that are prepared from attenuated strains preferably lack pathogenicity but
are still able to replicate in the host. One method which has been used in the art to prepare
attenuated influenza viruses is viral adaptation which involves serially passing aviral strain
through multiple cell cultures. Over time the strain mutates and attenuated strains can then be
identified. In certain embodiments the virus may be passed through different cell cultures. In
certain embodiments it may prove advantageous to perform one or more of the cell culture steps

at areduced temperature.

[0064] In certain embodiments, influenza virus hemagglutinin antigens utilized in
accordance with the present invention are based on split virus vaccine technology. Split virus
vaccines typically contain ahigher concentration of the most immunogenic portions of the virus
(e.g., hemagglutinin and neuramidase), while lowering the concentration of less immunogenic
viral proteins as well as non-viral proteins present from eggs (used to produce virus) or
extraneous agents (e.g., avian leukosis virus, other microorganisms and cellular debris).
Generally, split virus vaccines are prepared by aphysical process that involves disrupting the
virus particle, typically with an organic solvent or a detergent (e.g., Triton X-100), and
separating or purifying the viral proteins to varying extents, such as by centrifugation over a
sucrose gradient or passage of alantoic fluid over a chromatographic column. In some
embodiments, disruption and separation of virus particles isfollowed by dialysis or
ultrefiltration. Methods of viral splitting as well as suitable splitting agents are known in the art
(see for example U.S. Patent Publication No. 20090155309).

[0065] In certain embodiments, influenza virus hemagglutinin antigens utilized in
accordance with the present invention are based on subunit vaccine technology. Generaly,
subunit vaccines contain only those parts of the influenza virus that are needed for effective
vaccination (e.g., eliciting aprotective immune response). In some embodiments, subunit
influenza antigens are prepared from virus particles (e.g., purification of particular components
of the virus). In some embodiments, subunit influenza antigens are prepared by recombinant
methods (e.g., expression in cell culture). For example, U.S. Patent No. 5,858,368 describes
methods of preparing arecombinant influenza vaccine using DNA technology. The resulting

trivalent influenza vaccine is based on amixture of recombinant hemagglutinin antigens cloned
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from influenza virus strains having epidemic potential. The recombinant hemagglutinin antigens
are full length, uncleaved, glycoproteins produced from baculovirus expression vectorsin
cultured insect cells and purified under non-denaturing conditions. In some embodiments,
subunit antigens are generated by synthetic methods (e.g., peptide synthesis). Subunit vaccines
may also contain purified hemagglutinin antigens prepared from selected strains determined by
the WHO.

[0066] In certain embodiments, hemagglutinin antigens may be sourced from one or
more licensed influenza vaccines. In certain embodiments, hemagglutinin antigen (optionally
with other antigens, e.g., neuraminidase antigen) may be purified from the licensed influenza
vaccine and then utilized in provided compositions. In certain embodiments, alicensed
influenza vaccine may be used "as is" without any purification. Table 1isanon-limiting list of
licensed influenza vaccines. Full prescribing information and details regarding these licensed
vaccines can be obtained from the package inserts that are provided with the vaccines
themselves, from the manufacturers or suppliers, and/or from the Food and Drug Administration
(e.g., see www.fda.gov/BiologicsBloodV accinesA”accines/A pprovedProducts/ucml 81950.htm
for licensed monovalent vaccines and www.fda.gov/ BiologicsBloodV accines/\V accines/
ApprovedProducts/ucm094045.htm for licensed trivalent vaccines). The contents of these

package inserts are incorporated herein by reference in their entirety.

Table 1

Vaccine Disease

Influenza (Afluria®) Seasonal influenza
Influenza (Agriﬂu®) Seasonal influenza
Influenza (Begrivac®) Seasonal influenza
Influenza (Enzira®) Seasonal influenza
Influenza (Fluad®) Seasonal influenza
Influenza (Fluarix®) Seasonal influenza
Influenza (FluLaval®) Seasonal influenza
Influenza (FluMist®) Seasonal influenza
Influenza (Fluvax®) Seasonal influenza
Influenza (Fluviral, Fluviral S/F®) Seasonal influenza
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Vaccine Disease

Influenza (Fluvirin®) Seasonal influenza

Influenza (Fluzone®) Seasonal influenza

Influenza (Grippol®) Seasonal influenza

Influenza (Inflexal, Inflexal S, Inflexal V®) Seasonal influenza

Influenza (Influvac®) Seasonal influenza

Influenza (Mastaflu®) Seasonal influenza

Influenza (Mutagrip®) Seasonal influenza

Influenza (Optaflu®) Seasonal influenza

Influenza (Vaxigrip®) Seasonal influenza

HI1N1 pandemic influenza (Arepanrix®) HIN1 pandemic influenza

HIN1 pandemic influenza (Calvapan®) HIN1 pandemic influenza

HIN1 pandemic influenza (Focetria®) HIN1 pandemic influenza

H1N1 pandemic influenza (Influenza A (HIN1) [HINI pandemic influenza

2009 Monovalent Vaccine®)

HIN1 pandemic influenza (Pandemrix®) HIN1 pandemic influenza
[0067] In the following sections we discuss these and other exemplary influenza antigens
that could be used in compositions and methods of the present disclosure.
[0068] Fluzone®, an inactivated trivalent split influenza vaccine, is developed and

manufactured by Sanofi Pasteur, Inc. and may be used in accordance with the present disclosure.
Fluzone® contains a sterile suspension prepared from influenza viruses propagated in
embryonated chicken eggs. The virus-containing fluids are harvested and inactivated with
formaldehyde. Influenza virusis concentrated and purified in alinear sucrose density gradient
solution using a continuous flow centrifuge. The virusisthen chemically disrupted using a non-
ionic surfactant, octoxinol-9, (Triton® X-100) producing a split viral antigen. The split virusis
then further purified by chemical means and suspended in sodium phosphate-buffered isotonic
sodium chloride solution. Fluzone® vaccine is then standardized according to requirements for
the influenza season and is formulated to contain 45 g hemagglutinin antigen (HA) per 0.5 ml
unit dose, in the recommended ratio of 15 ug HA each, representative of the three prototype
strains (e.g., 2007-2008 vaccine was prepared with HA from the A/Solomon 1slands/3/2006
(HIN1), A/Wisconsin/67/2005 (H3N2) and B/Malaysia/2506/2004 strains). Fluzone®is

formulated for intramuscular (IM) injection.
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[0069] Another example of alicensed influenza vaccine that may be used in accordance
with the present disclosure is Vaxigrip®, which is an inactivated trivalent split influenza vaccine
also developed and manufactured by Sanofi Pasteur, Inc. Vaxigrip®is prepared in asimilar
fashion to the process outlined above for Fluzone® and is similarly formulated for intramuscular
injection.

[0070] Y et another example of alicensed influenza vaccine that may be used in
accordance with the present disclosure is Flumist®. Flumist®is alive, attenuated trivalent
vaccine for administration by intranasal spray. The influenza virus strains in Flumist® have three
genetic mutations that lead to temperature restricted growth and an attenuated phenotype. The
cumulative effect of the antigenic properties and the genetically modified influenza virusesis
that they are able to replicate in the nasopharynx to induce protective immunity. In order to
produce Flumist®, specific pathogen-free (SPF) eggs are inoculated with each of the appropriate
viral strains and incubated to allow vaccine virus replication. The allantoic fluid of these eggsis
harvested, pooled and then clarified by filtration. The virus is concentrated by
ultracentrifugation and diluted with stabilizing buffer to obtain the final sucrose and potassium
phosphate concentrations. Viral harvests are then sterile filtered to produce the monovalent
bulks. Monovalent bulks from the three strains are subsequently blended and diluted as required
to attain the desired potency with stabilizing buffers to produce the trivalent bulk vaccine. The
bulk vaccine isthen filled directly into individual sprayers for nasal administration. Each pre-
filled refrigerated Flumist® sprayer contains asingle 0.2 ml unit dose. Each 0.2 ml unit dose
contains 1065‘7‘5FFU of live attenuated influenza virus reassortants of each of the appropriate

three viral strains.

[0071] Asdescribed above, several influenza vaccines are currently licensed. Itistobe
understood that any one or combination of these licensed influenza vaccines may be combined
with lipid vesicles as described herein. For example, commercial Fluzone® may be combined in
this manner to produce acomposition. In some embodiments, licensed influenza vaccines are
first purified (e.g., to remove adjuvant or other reagents in the vaccine). In some embodiments,
licensed influenza vaccines are not purified (i.e., they areused "asis") prior to formulation with

lipid vesicles as described herein.
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[I. Adjuvants

[0072] Compositions of the present disclosure may include an adjuvant. Asiswell
known in the art, adjuvants are agents that enhance immune responses (e.g., see "Vaccine
Design: The Subunit and Adjuvant Approach”, Pharmaceutical Biotechnology, Volume 6, Eds.

Powell and Newman, Plenum Press, New York and London, 1995).

[0073] Toll-like receptors (TLRs) are afamily of proteins homologous to the Drosophila
Toll receptor, which recognize molecular patterns associated with pathogens and thus aid the
body in distinguishing between self and non-self molecules. Substances common in viral
pathogens are recognized by TLRs as pathogen-associated molecular patterns. For example,
without limitation, TLR-4 isthought to recognize patterns in lipopolysaccharides (TLR-4 has
also been designated as CD284 or cluster of differentiation 284); while TLR-7/8 are thought to
recognize single-stranded RNAs and small synthetic molecules; and TLR-9 is thought to
recognize unmethylated bacterial DNA or synthetic oligonucleotides. When aTLR is triggered
by such pattern recognition, a series of signaling events occurs that leads to inflammation and

activation of innate and adaptive immune responses.

[0074] In some embodiments, provided compositions include a TLR-4 agonist adjuvant.
A number of synthetic ligands containing the molecular patterns recognized by TLR-4 (TLR-4
agonists) have been developed as adjuvants and may be included in provided compositions.
Attenuated lipid A derivatives (ALD) such as monophosphoryl lipid A (MPL) and 3-deacy!
monophosphoryl lipid A (3D-MPL) are exemplary adjuvants that are agonists for TLR-4. ALDs
arelipid A-like molecules that have been altered or constructed to reduce or modify the adverse
effects of lipid A. These adverse effects include pyrogenicity, loca Shwarzman reactivity and
toxicity as evaluated in the chick embryo 50% lethal dose assay (CELD 5,). MPL and 3D-MPL
are described in U.S. Patent Nos. 4,436,727 and 4,912,094, respectively. MPL was originally
derived from lipid A, acomponent of enterobacterial lipopolysaccharides (LPS), apotent but
highly toxic immune system modulator. Exemplary synthetic derivatives of MPL are described
in PCT Publication No. W095/14026 and also US Patent Publication Nos. 20080131466 and
20090181078. 3D-MPL differs from MPL in that the acyl residue that is ester linked to the
reducing-end glucosamine at position 3 has been selectively removed (e.g., see U.S. Patent Nos.
4,877,611; 4,866,034 and 4,912,094). It will be appreciated that MPL, 3D-MPL and their
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derivatives may include amixture of anumber of fatty acid substitution patterns, i.e., heptaacyl,
hexaacyl, pentaacyl, etc., with varying fatty acid chain lengths. Thus, various forms of MPL and

3D-MPL, including mixtures thereof, are encompassed by the present disclosure.

[0075] MPL is available from Avanti Polar Lipids, Inc. of Alabaster, AL as PHAD or
phosphorylated hexaacyl disaccharide (ammonium salt). Figure 1 shows achemical structure of
PHAD. The structure of di[3-deoxy-D-manno-octulosonyl]-lipid A (ammonium salt) another
exemplary TLR-4 agonist adjuvant is shown in Figure 2 (also from Avanti Polar Lipids, Inc. of
Alabaster, AL). In some embodiments these or other ALDs may be combined with
trehalosedimycolate (TDM) and cell wall skeleton (CWS), e.g., in a2% squalene/Tween™ 80
emulsion (e.g., see GB Patent No. 2122204).

[0076] Those skilled in the art are able to identify other suitable TLR-4 agonist
adjuvants. For example, alkyl glucosaminide phosphates (AGPs) such as those disclosed in PCT
Publication No. W098/50399 or U.S. Patent No. 6,303,347 and 6,764,840 may be used. Other
suitable TLR-4 agonists are described in PCT Publication No. WO03/01 1223 and WO03/099195
(e.g., compounds I-111 disclosed on pages 4-5 of WO03/011223 or on pages 3-4 of
WO03/099195 and in particular those compounds disclosed in WO03/011223 as ER803022,
ER803058, ER803732, ER804053, ER804057, ER804058, ER804059, ER804442, ER804680,
and ER804764).

[0077] In some embodiments, provided compositions include between about 1and 50 ug
of aTLR-4 agonist adjuvant. In certain embodiments, provided compositions include between
about 1-40, 1-30, 1-20, 1-10 or 1-5 pg of aTLR-4 agonist adjuvant. In certain embodiments,
provided compositions include between about 10-40, 10-30, or 10-20 ug of a TLR-4 agonist
adjuvant. In certain embodiments, provided compositions include between about 1-2, 1-3, 1-4,
1-5, 1-6, 1-7, 1-8, 1-9 or 1-10 pg of a TLR-4 agonist adjuvant. In certain embodiments, provided
compositions include between about 5-20, 5-18, 5-16, 5-14, 5-12, 5-10, 5-9, 5-8 or 5-7 pg of a
TLR-4 agonist adjuvant.

[0078] In some embodiments, provided compositions include a TLR-7/8 agonist
adjuvant. A number of synthetic ligands containing the molecular patterns recognized by TLR-
7/8 (TLR-7/8 agonists) have been developed as adjuvants and may be included in provided
compositions. Exemplary TLR-7/8 ligands include, but are not limited to CLO75 (a
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thiazologuinolone derivative), CL097 (ahighly water-soluble imidazoquinoline compound), and
R848 (alow molecular weight synthetic imidazoquinoline compound), each of which is available
from InvivoGen of San Diego, CA. In some cases, poly(dT), athymidine homopolymer
phosphorothioate oligodeoxynucleotide, may be used in combination with an imidazoquinoline
to increase TLR-8 mediated signaling and/or to decrease TLR-7 mediated signaling (e.g., see
Jurk et al., Eur J Immunol. 36(7): 1815-26, 2006). Those skilled in the art are able to identify
suitable amounts and/or derivatives of TLR-7/8 agonist adjuvants for use in accordance with the

present invention.

[0079] In some embodiments, provided compositions include a TLR-9 agonist adjuvant.
In general, bacterial DNA isrich in unmethylated 2'-deoxyribo (cytidine-phosphateguanosine)
(CpG) dinucleotides, in contrast to mammalian DNA, which typically contains alow frequency
of CpG dinucleotides that are mostly methylated. Unmethylated CpGs in particular base
contexts, called CpG motifs, have been shown to activate the immune system viaTLR-9. In
some cases, TLR-9 recognition of CpG DNA leads to production of proinflammatory cytokines
(e.g., IL-6, IL-12). CpG motifs may contain aconserved core sequence that leads to high levels
of stimulation of aTLR-9 in aparticular species. For example, GACGTT has been shown to
highly stimulate mouse TLR-9, whereas CpG motifs containing more than one CpG and the core
sequence GTCGTT have been shown to stimulate human TLR-9. A number of synthetic ligands
containing the molecular patterns recognized by TLR-9 (TLR-9 agonists) have been developed
as adjuvants and may be included in provided compositions. Those skilled in the art are able to
identify suitable amounts and/or derivatives of TLR-9 agonist adjuvants for use in accordance
with the present invention.

[0080] In certain embodiments, at least aportion of adjuvant is associated with lipid
vesicles. In certain embodiments, at least aportion of adjuvant is not associated with lipid
vesicles. In certain embodiments, adjuvant is co-melted with lipids during preparation of
provided compositions. In certain embodiments, adjuvant is combined with molten lipids and
aqueous solution that includes influenza virus hemagglutinin antigen during preparation of
provided compositions (e.g., by mixing with the aqueous solution that includes influenza virus
hemagglutinin antigen before it is combined with molten lipids). In certain embodiments,

adjuvant is added prior to drying (e.g., lyophilization) of provided compositions.
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[11. Lipid vesicles

[0081] In general, compositions of the present disclosure include lipid vesicles that are
comprised of lipids that include anon-ionic surfactant. Such lipid vesicles are also referred to as
"non-ionic surfactant vesicles', or "NISVs', herein. Asiswell known in the art, vesicles

generally have an agueous compartment enclosed by one or more lipid bilayers.

Non-ionic surfactant

[0082] Any non-ionic surfactant with appropriate amphipathic properties may be used to
form vesicles for use in accordance with the present invention. Without limitation, examples of
suitable surfactants include ester-linked surfactants based on glycerol. Such glycerol esters may
comprise one of two higher aliphatic acyl groups, e.g., containing at least ten carbon atomsin
each acyl moiety. Surfactants based on such glycerol esters may comprise more than one
glycerol unit, e.g., up to 5 glycerol units. Glycerol monoesters may be used, e.g., those
containing a Ci,-C,oalkanoyl or alkenoyl moiety, for example caproyl, lauroyl, myristoyl,

palmitoyl, oleyl or stearoyl. An exemplary ester-linked surfactant is 1-monopamitoyl glycerol.

[0083] Alternatively or additionally, ether-linked surfactants may be used as or included
as anon-ionic surfactant in accordance with the present invention. For example, ether-linked
surfactants based on glycerol or a glycol having alower aiphatic glycol of up to 4 carbon atoms,
such as ethylene glycol, are suitable. Surfactants based on such glycols may comprise more than
one glycol unit, e.g., up to 5 glycol units (e.g., diglycolcetyl ether and/or polyoxyethylene-3-
lauryl ether). Glycol or glycerol monoethers may be used, including those containing aC -
C,oakanyl or alkenyl moiety, for example capryl, lauryl, myristyl, cetyl, oleyl or stearyl.
Ethylene oxide condensation products that can be used include those disclosed in PCT
Publication No. WO88/06882 (e.g., polyoxyethylene higher aliphatic ether and amine
surfactants). Exemplary ether-linked surfactants include 1-monocetyl glycerol ether and

diglycolcetyl ether.
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Ionic amphiphile

[0084] It isto be understood that lipids used to make lipid vesicles for use in accordance
with the present invention may incorporate an ionic amphiphile, e.g., so that vesicles take on a
negative charge. For example, this may help to stabilize vesicles and provide effective

dispersion.

[0085] Without limitation, acidic materials such as higher alkanoic and alkenoic acids
(e.g., pamitic acid, oleic acid) or other compounds containing acidic groups including
phosphates such as dialkyl phosphates (e.g., dicetylphospate, or phosphatidic acid or
phosphatidyl serine) and sulphate monoesters such as higher alkyl sulphates (e.g., cetylsulphate),
may al be used for this purpose. The ionic amphiphile, if present, will typically comprise,
between 1 and 50% by weight of the non-ionic surfactant (e.g., 1-5%, 1-10%, 1-15%, 1-20, 1-
25%, 1-30%, 1-35%, 1-40%, 1-45%, 5-10%, 5-15%, 5-20%, 5-25%, 5-30%, 5-35%, 5-40%, 5-
45%, 5-50%, 10-15%, 10-20%, 10-25%, 10-30%, 10-35%, 10-40%, 10-45%, 10-50%, 15-20%,
15-25%, 15-30%, 15-35%, 15-40%, 15-45%, 15-50%, 20-25%, 20-30%, 20-35%, 20-40%, 20-
45%, 20-50%, 25-30%, 25-35%, 25-40%, 25-45%, 25-50%, 30-35%, 30-40%, 30-45%, 30-50%,
35-40%, 35-45%, 35-50%, 40-45%, 40-50%, or 45-50%).

Hydrophobic material

[0086] To form vesicles in accordance with the present invention, lipids may also
incorporate an appropriate hydrophobic material of higher molecular mass capable of forming a
bilayer (such as a steroid, e.g., asterol such as cholesterol). The presence of such ahydrophobic
material of higher molecular mass capable of forming abilayer (such as a steroid, e.g., asterol
such as cholesterol) assists in forming the bilayer on which the physical properties of the vesicle
depend. The material, if present, will typically comprise between 20 and 120% by weight of the
non-ionic surfactant (e.g., 20-30%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-
100%, 20-110%, 30-40%, 30-50%, 30-60%, 30-70%, 30-80%, 30-90%, 30-100%, 30-110%, 30-
120%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-100%, 40-110%, 40-120%, 50-60%, 50-
70%, 50-80%, 50-90%, 50-100%, 50-110%, 50-120%, 60-70%, 60-80%, 60-90%, 60-100%, 60-
110%, 60-120%, 70-80%, 70-90%, 70-100%, 70-110%, 70-120%, 80-90%, 80-100%, 80-110%,
80-120%, 90-100%, 90-110%, 90-120%, 100-110%, 100-120%, or 110-120%).
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Exemplary lipid vesicles

[0087] In certain embodiments, lipid vesicles for use in accordance with the present
invention comprise anon-ionic surfactant, an ionic amphiphile and a steroid. In certain
embodiments, lipid vesicles comprise 1-monopamitoyl glycerol, dicetylphospate and

cholesterol.

[0088] In certain embodiments, lipid vesicles for use in accordance with the present
invention consist essentialy of anon-ionic surfactant, an ionic amphiphile and a steroid. In
certain embodiments, lipid vesicles consist essentially of 1-monopalmitoyl glycerol,

dicetylphospate and cholesterol.

[0089] In certain embodiments, lipid vesicles for use in accordance with the present
invention do not comprise or are substantially free of atransport enhancing molecule. In some
embodiments, lipid vesicles for use in accordance with the present invention do not comprise or
are substantially free of "bile acid" such as cholic acid and chenodeoxycholic acid, their
conjugation products with glycine or taurine such as glycocholic and taurocholic acid,
derivatives including deoxycholic and ursodeoxycholic acid, and salts of each of these acids. In
some embodiments, lipid vesicles for use in accordance with the present invention do not
comprise or are substantially free of acyloxylated amino acids, such as acylcarnitines and salts

thereof, and palmitoylcarnitines.

Lipid:antigen weight ratio

[0090] The present invention provides the surprising finding that both immunogenicity
and thermostability of provided compositions are controlled at least in part by relative amounts
of lipids and hemagglutinin antigen present in the compositions.

[0091] For example, through experimentation, we have found that compositions with
high lipid content (e.g., alipid:antigen weight ratio of about 450:1) are far less immunogenic
than compositions with a slightly lower lipid content (e.g., alipid:antigen weight ratio of about
300:1). While compositions with lower lipid content are generally more immunogenic we have
also found that they are less thermostable (e.g., at alipid:antigen weight ratio of about 30:1 we
observe very little thermostability). In light of these experimental findings (discussed in more
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detail in the Examples) we are now able to define and provide new sets of compositions that are
both immunogenic and thermostable. In certain embodiments, provided compositions have a
lipid:antigen weight ratio of at least about 50:1, 60:1, 70:1, 80:1, 90:1, 100:1, 110:1, 120:1,
130:1, 140:1, 150:1, 160:1, 170:1, 180:1, 190:1, 200:1, 210:1, 220:1, 230:1, 240:1, 250:1, 260:1,
270:1, 280:1, 290:1 or 300:1. In certain embodiments, the lipid:antigen weight ratio isless than
about 400:1, 390:1, 380:1, 370:1, 360:1, 350:1, 340:1, 330:1, 320:1 or 310:1. In certain
embodiments, the lipid:antigen weight ratio iswithin arange of about 50:1 to about 60:1, 70:1,
80:1, 90:1, 100:1, 110:1, 120:1, 130:1, 140:1, 150:1, 160:1, 170:1, 180:1, 190:1, 200:1, 210:1,
220:1, 230:1, 240:1, 250:1, 260:1, 270:1, 280:1, 290:1, 300:1, 310:1, 320:1, 330:1, 340:1, 350:1,
360:1, 370:1, 380:1, 390:1 or 400:1. In certain embodiments, the lipid:antigen weight ratio is
within arange of about 50:1, 60:1, 70:1, 80:1, 90:1, 100:1, 110:1, 120:1, 130:1, 140:1, 150:1,
160:1, 170:1, 180:1, 190:1, 200:1, 210:1, 220:1, 230:1, 240:1, 250:1, 260:1, 270:1, 280:1, 290:1,
300:1, 310:1, 320:1, 330:1, 340:1, 350:1, 360:1, 370:1, 380:1, or 390:1 to about 400:1. In certain
embodiments, the lipid:antigen weight ratio iswithin arange of about 50:1 to about 100:1, about
50:1 to about 150:1, about 50:1 to about 200:1, about 50:1 to about 250:1, about 50:1 to about
300:1, about 50:1 to about 350:1, or about 50:1 to about 400:1. In certain embodiments, the
lipid:antigen weight ratio iswithin arange of about 100:1 to about 150:1, about 100:1 to about
200:1, about 100:1 to about 250:1, about 100:1 to about 300:1, about 100:1 to about 350:1, or
about 100:1 to about 400:1. In certain embodiments, the lipid:antigen weight ratio iswithin a
range of about 150:1 to about 200:1, about 150:1 to about 250:1, about 150:1 to about 300:1,
about 150:1 to about 350:1, or about 150:1 to about 400:1. In certain embodiments, the
lipid:antigen weight ratio iswithin arange of about 200:1 to about 250:1, about 200:1 to about
300:1, about 200:1 to about 350:1, or about 200:1 to about 400:1. In certain embodiments, the
lipid:antigen weight ratio iswithin arange of about 250:1 to about 300:1, about 250:1 to about
350:1, or about 250:1 to about 400:1. In certain embodiments, the lipid:antigen weight ratio is
within arange of about 300:1 to about 350:1, or about 300:1 to about 400:1. In certain
embodiments, the lipid:antigen weight ratio iswithin arange of about 350: 1 to about 400: 1. In
certain embodiments, the lipid:antigen weight ratio is about 200:1, 210:1, 220:1, 230:1, 240:1,
250:1, 260:1, 270:1, 280:1, 290:1, 300:1, 310:1, 320:1, 330:1, 340:1, 350:1, 360:1, 370:1, 380:1,
390:1 or 400:1.
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Methodsfor making lipid vesicles

[0092] Several techniques are known for preparing lipid vesicles comprising non-ionic
surfactants, such as those referred to in PCT Publication No. W093/19781. An exemplary
technique is therotary film evaporation method, in which afilm of the non-ionic surfactant (and
any other component lipids) isprepared by rotary evaporation from an organic solvent, eg., a
hydrocarbon or chlorinated hydrocarbon solvent such as chloroform, e.g., see Russell and
Alexander, J. Immunol. 140:1274, 1988. The resulting thin film isthen rehydrated in agueous
buffer.

[0093] Another method for the production of lipid vesicles isthat disclosed by Collins et
a., J. Pharm. Pharmacol. 42:53, 1990. This method involves melting the non-ionic surfactant
(and any other component lipids) and hydrating with vigorous mixing in the presence of aqueous
buffer.

[0094] Another method involves hydration of lipids in the presence of shearing forces.
Apparatuses that can be used to apply such shearing forces are well known (e.g., see PCT
Publication No. WO88/06882). Sonication and ultra-sonication are also effective means to form
lipid vesicles or to alter their size.

[0095] In certain embodiments, at least aportion of hemagglutinin antigen is associated
with lipid vesicles (where, asused herein, the term "association" encompasses any form of
physical interaction). In certain embodiments, at least aportion of hemagglutinin antigenis
entrapped within lipid vesicles. Association and entrapment may be achieved in any manner.
For example, in therotary film evaporation technique, the film can be hydrated in the presence of
antigen (optionally together with an adjuvant). In other methods, adehydration-rehydration
method may be used in which antigen in an agueous phase is combined with preformed lipid
vesicles and subjected to flash freezing followed by lyophilisation, e.g., see Kirby and
Gregoriadis, Biotechnology 2:979, 1984. Alternatively or additionally, a freeze thaw technique
may be used in which preformed vesicles are mixed with the antigen and repeatedly flash frozen
in liquid nitrogen, and warmed to a temperature above the transition temperature of the relevant
lipids, e.g., see Pick, Arch. Biochem. Biophys. 212:195, 1981. In addition to associating antigen,
the dehydration-rehydration method and freeze-thaw technique are also capable of concomitantly

associating an adjuvant with lipid vesicles.
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[0096] In certain embodiments, lipid vesicles for use in accordance with the present
invention are prepared by amethod that includes: melting component lipids to produce molten
lipids; combining the molten lipids with an aqueous solution that includes hemagglutinin
antigen; and homogenizing the resulting product. In certain embodiments, molten lipids are
added to the agueous solution that includes hemagglutinin antigen. In certain embodiments,

aqueous solution that includes hemagglutinin antigen is added to the molten lipids.

[0097] In certain embodiments, molten lipids and agueous solution are combined in
relative amounts and volumes that achieve alipid concentration of at least about 10 mg/ml in the
resulting product. Indeed, through experimentation and as described in the Examples, we have
found that when the lipids and antigen are homogenized with alipid concentration in excess of
10 mg/ml the resulting compositions tend to be more thermostable than when alower lipid
concentration isused (see Examples). In some embodiments, therefore, the present invention
provides desirable compositions (specifically including thermostable compositions) comprising
antigen and lipid vesicles, which compositions contain a specified lipid concentration established

herein to impart particular characteristics (e.g., improved thermostability) to the compositions.

[0098] In certain embodiments, alipid concentration of at least about 15, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90 or 95 mg/ml is achieved. In certain embodiments, the
lipid concentration isin arange of about 10 mg/ml to about 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80, 85, 90, 95 or 100 mg/ml. In certain embodiments, the lipid concentration isin a
range of about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90 or 95 mg/ml to
about 100 mg/ml. In certain embodiments, the lipid concentration isin arange of about 25
mg/ml to about 100 mg/ml, about 25 mg/ml to about 75 mg/ml, about 25 mg/ml to about 50
mg/ml, about 50 mg/ml to about 75 mg/ml, or about 50 mg/ml to about 100 mg/ml.

[0099] In certain embodiments, molten lipids and agueous solution are combined in
relative amounts and volumes that achieve both the desired lipid:antigen weight ratio (e.g., at
least about 50:1 or any one of the aforementioned lipid:antigen weight ratio ranges that were
recited above) and alipid concentration of at least about 10 mg/ml (or any one of the other lipid
concentration ranges recited above) in the resulting product.

[0100] In certain embodiments, an adjuvant is co-melted with lipids during preparation of

provided compositions. In certain embodiments, an adjuvant is combined with molten lipids and
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aqueous solution that includes influenza virus hemagglutinin antigen during preparation of
provided compositions (e.g., by mixing with the agueous solution that includes influenza virus
hemagglutinin antigen before it is combined with molten lipids). In certain embodiments, an

adjuvant is added prior to drying (e.g., lyophilization) of provided compositions.

[0101] In some embodiments, the non-ionic surfactant (optionally with other lipid
components) ismelted at atemperature range between 120°C and 150°C (e.g., between 120°C
and 125°C, between 120°C and 130°C, between 120°C and 140°C, between 130°C and 140°C,
between 135°C and 145°C, or between 140°C and 145°C). In some embodiments, the non-ionic
surfactant (optionally with other lipid components) are melted at about 120°C, at about 125°C, at
about 130°C, at about 135°C, at about 140°C, at about 145°C or at about 150°C. In some
embodiments, the aqueous solution comprising hemagglutinin antigen is temperature controlled.
In some embodiments, the agqueous solution comprising hemagglutinin antigen iskept at a
temperature of less than about 50°C during the step of adding (e.g., less than about 45°C, less
than about 40°C, less than about 35°C, less than about 30°C, less than about 25°C, etc.). In some
embodiments, the aqueous solution comprising hemagglutinin antigen iskept at atemperature
range between about 25°C and about 50°C. In some embodiments, the agueous solution

comprising hemagglutinin antigen iskept at room temperature.

[0102] In certain embodiments, vesicles are made by aprocess that includes steps of
providing the lipid components in dried (e.g., lyophilized) form and rehydrating the dried
material with an agueous solution comprising hemagglutinin antigen. Dried material may be

prepared, for example, by melting lipid components and then lyophilizing the molten product.

[0103] Asdescribed in more detail below, in some embodiments, provided compositions

may be dried (e.g., lyophilized) prior to storage and subsequently hydrated prior to use.

Vesiclesize and processing

[0104] Provided compositions will typically include a mixture of lipid vesicles with a
range of sizes. In some embodiments > 90% of vesicles will have adiameter which lies within
50% of the most frequent value (e.g., 1000 + 500 nm). In some embodiments the distribution

may be narrower, e.g., > 90% of vesicles may have adiameter which lies within 40, 30, 20, 10 or
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5% of the most frequent value. In some embodiments, sonication or ultra-sonication may be
used to facilitate vesicle formation and/or to adter vesicle size. In some embodiments, filtration,

dialysis and/or centrifugation may be used to adjust the vesicle size distribution.

[0105] In general, lipid vesicles produced in accordance with the present disclosure may
be of any size. In certain embodiments, provided compositions may include vesicles where the
most frequent diameter isin the range of about 0.1 pm to about 10 pm, for example, about 0.1
um to about 5 pm, about 0.5 pru to about 2 pr, or about 0.8 pru to about 1.5 pin. In certain
embodiments, the most frequent diameter may be greater than 10 pr, e.g., in the range of about
10 pru to about 20 pmu or about 15 pru to about 25 prmu. In certain embodiments, the most
frequent diameter may bein the range of about 0.1 pr to about 20 pm, about 0.1 um to about 15
ur, about 0.1 um to about 10 um, about 0.5 pr to about 20 pru, about 0.5 pru to about 15 pr,
about 0.5 pru to about 10 pru, about 1 pm to about 20 pru, about 1 prm to about 15 pru, or about
1 pmu to about 10 pru.

Lyophilization

[0106] Liquid composition of vaccines has been the default presentation since the
introduction of vaccines. Most of the existing liquid vaccines have been developed for storage
under refrigeration, but not at higher temperatures, with the result that their stability may not be
optimal. All licensed influenza vaccines are currently formulated and stored as liquids. In the
aqueous environment the influenza antigens are subjected to physical and chemical degradation

that may lead to inactivation and loss of potency.

[0107] Asdiscussed above, in certain embodiments, dried (e.g., lyophilized)
compositions are provided. In some embodiments, methods of the present disclosure include a

step of drying (e.g., lyophilizing).

[0108] In general, lyophilization involves freezing the preparation in question and then
reducing the surrounding pressure (and optionally heating the preparation) to alow the frozen
solvent(s) to sublime directly from the solid phase to gas (i.e., drying phase). The drying phase

may be divided into primary and secondary drying phases.
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[0109] The freezing phase can be done by placing the preparation in acontainer (e.g., a
flask, eppendorf tube, etc.) and optionally rotating the container in abath which is cooled by
mechanical refrigeration (e.g., using dry ice and methanol, liquid nitrogen, etc.). In some
embodiments, the freezing step involves cooling the preparation to atemperature that is below
the eutectic point of the preparation. Since the eutectic point occurs at the lowest temperature
where the solid and liquid phase of the preparation can coexist, maintaining the material at a
temperature below this point ensures that sublimation rather than evaporation will occur in
subsequent steps.

[0110] The drying phase (or the primary drying phase when two drying phases are used)
involves reducing the pressure and optionally heating the preparation to apoint where the
solvent(s) can sublimate. This drying phase typically removes the majority of the solvent(s)
from the preparation. The freezing and drying phases are not necessarily distinct phases but can
be combined in any manner. For example, in certain embodiments, freezing and drying phases
may overlap.

[0111] A secondary drying phase can optionally be used to remove residua solvent(s)
that was adsorbed during the freezing phase. Once the drying phase is complete, the vacuum can
be broken with an inert gas (e.g., nitrogen or helium) before the lyophilized lipid product is
optionally sealed.

[0112] Excipients such as sucrose, amino acids or proteins such as gelatin or serum
albumin may be used to protect the antigen during the drying process and storage. In some
embodiments, alyoprotectant may be used. In some embodiments, adjuvant may be added with
the lyoprotectant. Exemplary lyoprotectants include sucrose, trehalose, polyethylene glycol
(PEG), dimethyl-succinate buffer (DMS), bovine serum albumin (BSA), mannitol and dextran.

[0113] The present disclosure establishes that certain preferred embodiments of provided
compositions are those with aparticularly low (e.g., less than about 2% by weight) moisture
content. Through experimentation (as described in more detail in the Examples), we have
determined that dried (e.g., lyophilized) compositions with ahigher lipid content tend to have a
lower residual moisture content (e.g., less than about 2% by weight). Asnoted above,
compositions with ahigher lipid content tend to be more thermostable. Without wishing to be

limited to any theory, we hypothesize that some or all of the thermostable properties of the
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higher lipid content compositions might be driven in part by their lower residual moisture
content. Therefore, in certain embodiments, compositions of the present disclosure are defined
and provided with low moisture content (e.g., less than about 2% by weight). In certain
embodiments, provided compositions have alipid:antigen weight ratio of at least about 50:1 (or
any one of the aforementioned lipid: antigen weight ratio ranges that were recited above). In
certain embodiments these compositions may have alower lipid:antigen weight ratio (e.g., at
least about 40:1 or 30:1). Based on our moisture content results, these lower lipid content
compositions may require more extensive drying steps during the lyophilization process.

[0114] In certain embodiments, the moisture content of provided compositions isless
than about 1.9%, 1.8%, 1.7%, 1.6%, 1.5%, 1.4%, 1.3%, 1.2%, 1.1%, 1%, 0.9%, 0.8%, 0.7%,
0.6%, 0.5%, or 0.4% by weight. In certain embodiments, moisture content of provided
compositions isin the range of about 0.4% to about 2% by weight. In certain embodiments,
moisture content of provided compositions isin the range of about 0.5% to about 1.9% by
weight. In certain embodiments, moisture content of provided compositions isin the range of
about 0.6% to about 1.8% by weight. In certain embodiments, moisture content of provided
compositions isin the range of about 0.7% to about 1.7% by weight. In certain embodiments,
moisture content of provided compositions isin the range of about 0.8% to about 1.6% by
weight. In certain embodiments, moisture content of provided compositions isin the range of
about 0.9% to about 1.5% by weight. In certain embodiments, moisture content of provided
compositions isin the range of about 1% to about 1.4% by weight. In certain embodiments,
moisture content of provided compositions isin the range of about 0.5% to about 1% by weight.
In certain embodiments, moisture content of provided compositions isin the range of about 0.5%
to about 1.5% by weight. In certain embodiments, moisture content of provided compositions is
in the range of about 0.5% to about 2% by weight. In certain embodiments, moisture content of
provided compositions isin the range of about 1% to about 1.5% by weight. In certain
embodiments, moisture content of provided compositions isin the range of about 1% to about
2% by weight. In certain embodiments, moisture content of provided compositions isin the
range of about 1.5% to about 2% by weight.
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Rehydration d dried compositions

[0115] Dried (e.g., lyophilized) compositions are rehydrated prior to administration to a

subject in need thereof. In some embodiments, such rehydration is achieved by mixing the dried
(e.g., lyophilized) composition with an agueous solution. In some embodiments, the aqueous
solution includes abuffer. For example, without limitation, a PCB buffer, an

Na,HPO 4/Nal-|2PO 4 buffer, aPBS buffer, abicine buffer, aTris buffer, a HEPES buffer, a MOPS
buffer, etc. may beused. PCB buffer isproduced by mixing sodium propionate, sodium
cacodylate, and bis-Tris propane in the molar ratios 2:1:2. Varying the amount of HC1 added
enables buffering over apH range from 4-9. In some embodiments, acarbonate buffer may be
used.

Soraged dried compositions

[0116] In certain embodiments, dried (e.g., lyophilized) compositions may be stored for a
period of time (e.g., days, weeks or months) prior to rehydration and administration to a subject
in need thereof. In certain embodiments, dried (e.g., lyophilized) compositions are stored under
conditions that are not temperature-controlled. In certain embodiments, dried (e.g., lyophilized)
compositions are at least temporarily exposed to temperatures in excess of 8°C during storage
(e.g., temperatures that exceed 15°C, 20°C or 25°C). In certain embodiments, dried (e.g.,
lyophilized) compositions are at least temporarily exposed to temperatures in the range of 10°C

to 40°C, temperatures in the range of 20°C to 30°C, room temperature, etc.).

[0117] In certain embodiments, dried (e.g., lyophilized) compositions are thermostable.
In certain embodiments, dried (e.g., lyophilized) compositions are more stable when stored for 6
months at 40°C than areference dried composition that lacks lipid vesicles. In certain
embodiments, stability isbased on immunogenicity as determined by an HAI assay. In certain
embodiments, stability isbased on antigen content as determined by an ELISA.

[0118] In certain embodiments, dried (e.g., lyophilized) compositions exhibit less than
50% change in immunogenicity as determined by an HAI assay when stored for 6 months at

40°C. In certain embodiments, dried (e.g., lyophilized) compositions exhibit less than 40%, less

35



WO 2012/006367 PCT/US2011/043094

VBI-015-PC1
2007801-0073

than 30%, less than 20%, less than 10%, less than 5% or less than 2% change in

immunogenicity.

[0119] In certain embodiments, dried (e.g., lyophilized) compositions exhibit less than
50% loss of antigen content as determined by an ELISA when stored for 6 months at 40°C. In
certain embodiments, dried (e.g., lyophilized) compositions exhibit less than 40%, less than 30%,

less than 20%, less than 10%, less than 5% or less than 2% loss of antigen content.

[0120] In certain embodiments, these effects are observed after the dried compositions
have been stored for just 1, 2 or 3 months instead of 6 months. In certain embodiments, these
effects are observed after the dried compositions have been stored at 15°C, 20'C, 25°C, 30°C, or
35°C instead of 40°C.

[0121] In certain embodiments, the antigenicity and/or immunogenicity of dried
compositions remains substantially unchanged during storage despite being exposed to
temperatures in excess of 8°C (e.g., temperatures in the range of 10°C to 40°C, temperatures in

the range of 20°C to 30°C, room temperature, etc.) for aperiod of 1to 6 months.

[0122] In certain embodiments, storage of dried compositions at these elevated
temperatures destroys less than 20% of the antigenicity of the antigen (e.g., less than 15%, less
than 10%, less than 5%, less than 1%) as measured in an ELISA and as compared to equivalent

dried compositions that were stored between 2 and 8°C for the same time period.

[0123] In certain embodiments, storage of dried compositions at these elevated
temperatures destroys less than 20% of the immunogenicity of the antigen (e.g., less than 15%,
less than 10%, less than 5%, less than 1%) based on HAI titer measurements and as compared to

equivalent dried compositions that were stored between 2 and 8°C for the same time period.

[0124] In certain embodiments, the antigenicity and/or immunogenicity of adried
composition post-storage is at least 1.5 fold greater than in an otherwise equivalent dried
composition that was stored under the same elevated temperatures but that was formulated
without lipid vesicles (e.g., at least about 2 fold, 2.5 fold, 3fold, 3.5 fold, 4 fold or 5fold). In
some embodiments, the level of antigenicity isbased on measurements obtained using an
ELISA. In some embodiments, the level of immunogenicity isbased on HAI titer

measurements.
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[0125] In some embodiments, one or more of these antigenicity and/or immunogenicity
results are obtained when dried composition is stored at 25°C for 1, 2, 3 or 4 months. In some
embodiments, these results are obtained when the dried composition is stored at 15 °C, 20°C,
30°C, 35°C or 40°C for 1 month. In some embodiments, these results are obtained when the
dried composition is stored at 15 °C, 20°C, 30°C, 35°C or 40°C for 2 months. In some
embodiments, these results are obtained when the dried composition is stored at 15 °C, 20°C,
30°C, 35°C or 40°C for 3 months. In some embodiments, these results are obtained when the
dried composition is stored at 15 °C, 20°C, 30°C, 35°C or 40°C for 4 months. In some
embodiments, these results are obtained when the dried composition is stored at 15°C, 20°C,
30°C, 35°C or 40°C for 6 months.

Exemplary compositions

[0126] In certain embodiments, provided compositions do not comprise or are
substantially free of additional agents with adjuvant properties (i.e., provided compositions are
unadjuvanted). In certain embodiments, provided compositions do not comprise or are
substantially free of TLR agonist adjuvants (i.e., TLR-3, TLR-4, TLR-5, TLR-7/8, TLR-9, etc.
agonist adjuvants). In certain embodiments, provided compositions do not comprise or are
substantially free of TLR-3 agonist adjuvants, e.g., Poly(LC) or Poly(IC:LC). In certain
embodiments, provided compositions do not comprise or are substantially free of TLR-4 agonist
adjuvants, e.g., MPL or 3D-MPL. In certain embodiments, provided compositions do not
comprise or are substantially free of TLR-5 agonist adjuvants. In certain embodiments, provided
compositions do not comprise or are substantially free of TLR-7/8 agonist adjuvants. In certain
embodiments, provided compositions do not comprise or are substantially free of TLR-9 agonist

adjuvants.

V. Dosage and administration

[0127] Methods of this disclosure are useful for treating influenza infections in humans
including adults and children. In general however they may be used with any animal. In certain

embodiments, methods herein are used for veterinary applications, e.g., canine and feline
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applications. If desired, the methods herein may also be used with farm animals, such as ovine,

avian, bovine, porcine and equine breeds.

[0128] Compositions described herein will generally be administered in such amounts
and for such atime asis necessary or sufficient to induce an immune response. Dosing regimens
may consist of asingle unit dose or aplurality of unit doses over aperiod of time. The exact
amount of aprovided composition to be administered may vary from subject to subject and may
depend on severa factors. Thus, it will be appreciated that, in general, the precise dose used will
be as determined by the prescribing physician and will depend not only on the weight of the
subject and the route of administration, but also on the age of the subject and the severity of the
symptoms and/or therisk of infection. In certain embodiments, provided compositions include a
dose of hemagglutinin antigen in arange from about 1to 100 ug. For example, in certain
embodiments the range may be between about 2 and 50 pg, 5 and 50 ug, 2 and 20 pg, 5 and 20
Hg, etc. In certain embodiments, doses of hemagglutinin antigen may be about 5 pg, 10 pg, 15
Mg, 20 pg, 25 pg, 30 pg, 35 ug, 40 ug, 45 pg, etc. In certain embodiments these doses are
administered as asingle unit dose. In certain embodiments aunit dose is administered on several
occasions (e.g., 1-3 unit doses that are separated by 1-12 months). In certain embodiments,
hemagglutinin antigen is taken from alicensed human influenza vaccine and composition are
administered to ahuman such that the unit dose of hemagglutinin antigen isless than the
standard human unit dose (e.g., in the range of 10-90%, 10-80%, 10-70%, 10-60%, 10-50%, 10-
40%, 10-30%, 10-20%, 20-90%, 20-80%, 20-70%, 20-60%, 20-50%, 20-40%, 20-30%, 30-90%,
30-80%, 30-70%, 30-60%, 30-50%, 30-40%, 40-90%, 40-80%, 40-70%, 40-60%, 40-50%, 50-
90%, 50-80%, 50-70%, 50-60%, 60-90%, 60-80%, 60-70%, 70-90%, 70-80%, or 80-90% of the
standard human unit dose). For example, if the standard human unit dose calls for asingle
administration of a composition that includes 45 ug hemagglutinin antigen (e.g., see Fluzone®,
Fluvirin® or FluLaval ®) then, in certain embodiments, methods of the present disclosure may
involve giving the subject a single administration of aprovided composition that includes less
than 45 pg hemagglutinin antigen, e.g., 40 ug, 35 pg, 30 pg, 25 pg, 20 pg or 15 ug of

hemagglutinin antigen.

[0129] In some embodiments the amounts of hemagglutinin antigen and TLR-4 agonist
adjuvant (e.g., MPL or 3D-MPL) in provided compositions are such that each unit dose includes

about 1-100 ug (e.g., about 2-80 g, 5-70 ug, or about 10-50 pg) hemagglutinin antigen and
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about 1-100 pg (e.g., about 1-50 pg, about 1.5-50 ug, about 2.5-50 pg, about 2.5-50 pg, about
2.5-40 pg, about 2.5-30 pg, about 2.5-20 pg, or about 2.5-10 pg) TLR-4 agonist adjuvant (e.g.,
MPL or 3D-MPL).

[0130] In certain embodiments, provided compositions are formulated for delivery
parenterally, e.g., by injection. In such embodiments, administration may be, for example,
intravenous, intramuscular, intradermal, or subcutaneous, or via by infusion or needleless
injection techniques. In certain embodiments, compositions may be formulated for
intramuscular delivery. For such parenteral administration, compositions may be prepared and
maintained in dried form and rehydrated prior to administration as discussed above. The pH of
injectable compositions can be adjusted, asisknown in the art, with apharmaceutically
acceptable acid, such as methanesulfonic acid. Other acceptable vehicles and solvents that may
be employed include Ringer's solution and U.S.P. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose any bland fixed
oil can be employed including synthetic mono- or diglycerides. In addition, fatty acids such as
oleic acid are used in the preparation of injectables. Injectable compositions can be sterilized,
for example, by filtration through abacterial-retaining filter, or by incorporating sterilizing
agents in the form of sterile solid compositions which can be dissolved or dispersed in sterile
water or other sterile injectable medium prior to use.

Examples

[0131] The following examples describe some exemplary modes of making and
practicing certain compositions that are described herein. It should be understood that these
examples are for illustrative purposes only and are not meant to limit the scope of the

compositions and methods described herein.

Example 1: Thermostable Lyophilized |mmunogenic Compositions

[0132] This Example describes methods for preparing athermostable lyophilized
immunogenic composition for intramuscular (IM) injection. All the non-ionic surfactant vesicle

(NISV) compositions were prepared by the inverted melt method. The following lipids were
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used: 1-monopamitoyl glycerol (anon-ionic surfactant), cholesterol (a steroid) and dicetyl
phosphate (an ionic amphiphile). Specifically, a5:4:1 molar ratio of lipids (496 mg of 1-
monopa mitoyl glycerol (MPG), 464 mg of cholesterol (CHO), and 164 mg of dicetyl phosphate
(DCP)) was placed in aflat bottom glass beaker, ensuring none of the powder adhered to the side
of the glass beaker. In this exemplary composition phosphorylated hexaacyl disaccharide
(ammonium salt) (PHAD, an exemplary TLR-4 agonist adjuvant shown in Figure 1, available
from Avanti Polar Lipids, Inc. of Alabaster, AL) was optionally added at either 12 mg (for the
dose-sparing compositions) or 4 mg (for the dose-equivalent compositions), and co-melted along
with the other lipids. The beaker was clamped and covered with aluminum foil and the lipids
were melted in aheated oil bath at 120-125°C with occasional swirling using aglassrod. While
the lipids were melting, a concentrated phosphate buffer was prepared as follows: 5.980 g of
Na,HPO , and 1.363 g of NaH,PG, were dissolved in 20 ml of sterile water, the pH was
measured, the solution was filtered through a0.45 pmn sterile filter and 0.796 ml of this buffer
was added to 40 ml of Fluzone® influenza vaccine (2009-2010 season; Sanofi Pasteur) in a
laminar flow hood. Fluzone® influenza vaccine (2009-2010 season; Sanofi Pasteur) isan
inactivated trivalent split influenza vaccine which contains influenza HA antigen at a
concentration of 45 11 g/0.5 ml (each 0.5 ml contains 15 ug HA antigen from each of the
following influenza virus strains: HIN1, A/Brisbane/59/2007; H3N2, A/Brisbane/10/2007 and
B/Brisbane/60/2008). The buffered antigen stock solution was homogenized at 8,000 rpm at 30-
35°C, and quickly (to prevent crystallization) the melted lipids were transferred into the beaker
while homogenizing the solution, at which point homogenization at 8,000 rpm continued for 10
minutes at 30-35°C. The resulting lipid-antigen suspension was shaken for 1-2 hours at 220 + 10
rpm at 30-35°C. Anin-process sample was taken after this step to determine pH and particle size
distribution (PSD). Finally, 40 ml of 400 mM sucrose solution in water was added to the 40 ml
of NISV-antigen solution and shaken for 5 minutes at 220 + 10 rpm at 30-35°C. Aliquots were
taken (0.5 ml/via for the dose-sparing compositions and 1.5 ml/vial for the dose-equivalent
compositions), frozen at -80°C overnight or longer and subsequently lyophilized according to the
target lyophilization parameters in the lyophilization cycle outlined in Table 2 below and the

primary drying time set points given in Table 3 below for different fill volumes.
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Table2
Step Type Temperature (°C) |Time (hours, +0.3)|Pressure (mTorr)
1* Hold Room Temp. 1.0 N/A
2 Ramp -45 1.0 N/A
3k Hold -45 >8.0%** N/A
4 Ramp -30 1.0 N/A
5 Evacuation -30 N/A 100
6 Hold -30 See Table 3 100
7 Ramp 0 1.0 100
8 Hold 0 3.0 100
9 Ramp 20 1.0 50
10 Hold 20 10.0 50
11 Stopper Room Temp. N/A N/A
*Sample loading step, if sampleis not pre-frozen.
** Sample loading step, if sample is pre-frozen.
***1f sample is pre-frozen, the minimum time is 1 hour.
Table3
Fill YVolume (ml) Time (hours, +0.3)
0.1-1.0 21
1.1-2.0 35
2.1-3.0 43
3.1-5.0 50
5.1-7.0 55
7.1-10.0 60

[0133]

Control samples not formulated with NISV's but containing antigen and adjuvant

were prepared according to the following procedure: 12 mg (dose-sparing compositions) or 4

mg (dose-equivalent compositions) of PHAD was resuspended in 40 ml of 400 mM sucrose
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solution and this suspension was subsequently mixed with 40 ml of Fluzone® influenza vaccine
(2009-2010 season; Sanofi Pasteur) and shaken for 5 minutes at 220 + 10 rpm at 30-35°C. This
unformulated antigen-adjuvant solution was aliquoted into vials (0.5 ml/via for the dose-sparing
compositions and 1.5 ml/vial for the dose-equivalent compositions), frozen at -80°C overnight or
longer and subsequently lyophilized according to the target lyophilization parameters in the
lyophilization cycle outlined abovein Table 2 and the primary drying time set points given

abovein Table 3 for different fill volumes.

[0134] All lyophilized compositions were rehydrated prior to administration in 0.75 ml of
WFI. Asdiscussed in more detail below, some of the studies used Fluzone® influenza vaccine as
supplied in liquid form as a control (i.e., without any formulation steps including no

lyophilization).

Example 2: Influenza Immunization d Mice with Immunogenic Compositions

[0135] The compositions prepared as described in Example 1were tested in female
BALB/C mice 6-8 weeks old (minimum 8 animals per test group). The mice were immunized
intramuscularly with 50 pi of the control or rehydrated compositions twice, once on day 0 and
once on day 14. Blood was collected from al mice in the study groups pre-immunization and
then post- 1% and -2"d immunizations to assess humoral immune responses. As summarized in
Table 4 below, animals received either (1) dose-equivalent Fluzone® (positive control;
unformulated and unadjuvanted) at the equivalent of a0.1X standard human unit dose (a
"standard mouse unit dose” is 0.1X of the standard human unit dosg, i.e., once the size
differences between humans and mice are taken into account) (Group/Test article 1); (2) dose-
sparing Fluzone® at the equivalent of a 1/30X standard human unit dose formulated with NISV
and the adjuvant PHAD (0.005 mg) (Group/Test article 2); or (3) dose-sparing Fluzone® at the
equivaent of a /30X standard human unit dose formulated with the adjuvant PHAD (0.005 mg)
but no NISV's (Group/Test article 3).

42



WO 2012/006367 PCT/US2011/043094

VBI-015-PC1
2007801-0073

Table4
Group / Test ® Antigen Adjuvant (PHAD)| Formulation
Fl 10)*
Article uzone™ (05/10) (ng)* ks (mg)* % Type
1X human dose
j Kook (0.1X dose)** 4.5 none none
1/3X human dose
1. ; 1
2 (1/30X dose)** > 0-005 NISV
1/3X human dose
1. ; 1
3 (1/30X dose)** 5 0.005 no NISV

* Fluzone® (2009-2010 season; Sanofi Pasteur) is an inactivated trivalent split influenza vaccine.
Each 0.5 ml unit dose of Fluzone™ (2009-2010 season; Sanofi Pasteur) contains 15 ug HA
antigen from each of the following influenza virus strains: HIN1, A/Brisbane/59/2007; H3N2,
A/Brisbane/10/2007; and B/Brisbane/60/2008.

**Mice receive 0.1X of the standard human unit dose of Fluzone® which correlates
approximately to a | X dose-equivalent or "standard human unit dose” when converting from
humans to mice.

*** Commercial Fluzone® control used without any formulation steps.

**%*Content per 0.05 ml mouse unit dose.

Example 3: Hemagglutination Inhibition Assay d Potency d |mmunogenic Compositions

[0136] For potency testing, the HAI assay was used to measure immunological responses
inanimals. The HAI assay isaserological technique used to detect HA antibody in serum
resulting from infection or vaccination with influenza virus. HAI titers correlate with protection
from influenza in humans. The HAI antibody titer isexpressed as the reciprocal of the highest
serum dilution showing complete hemmaglutination using four hemagglutination units. An HAI
titer of 1:40 or higher isconsidered as seroprotective, and afour-fold increase in HAI titersin
samples taken after and before vaccination is the minimum increase considered necessary for
classification of seroconversion. Results are presented as the inverse of HAI titers and geometric
mean HAI titers. The HAI assay was performed as follows. Briefly, aseries of 2-fold dilutions
in PBS of serafrom immunized mice were prepared in 96-well VV-bottomed plates and incubated
at room temperature for 30 minutes with 50 pi of four hemagglutinating units (HAU) of
A/Brisbane/59/07 (HIN1) or A/Brisbane/10/2007 (H3NZ2). Next, 50 ui of chicken red blood
cells (diluted 0.5% v/v) (Canadian Food Inspection Agency, Ottawa, Canada) was added to all
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wells on the plate and incubated for 1.5 hours at room temperature. The highest dilution capable
of agglutinating chicken red blood cells was then determined.

[0137] Geometric mean, median and standard error of the mean were determined.
Statistical analysis was carried out using the Software GraphPad Prism 5. Paired samples were
assessed by paired-t test and non-paired samples by student t-test. Thep values < 0.05 were
considered to be statistically significant. A positive response was indicated by > 2-fold increase
of 14 day post vaccination responses after the last immunization as compared to the values

obtained before immunization. The results of these assays are described below.

[0138] In this mouse study we evaluated the potency of the three compositions described
in Example 2, Table 4. HAI assays were performed on bleedings obtained from mice on study
day 13 (PIVdI3) and day 29 (P2VdI5).

[0139] Figure 3 shows the mean HAI titer against HINI  A/Brisbane/59/07 thirteen days
after the first immunization (PIVdI3). It can be seen that the mean HAI titer against HINI for
Group 2 animals (Table 4; adjuvanted dose-sparing NISV Fluzone® composition) was
significantly higher than Group 3 animals (Table 4; adjuvanted dose-sparing Fluzone®
composition without NISV's) and aso higher than control Group 1 animals (Table 4;
unadjuvanted and unformulated dose-equivalent Fluzone®). It was also observed that the
adjuvanted dose-sparing NISV Fluzone® composition (Group 2) had higher potency than the
control unadjuvanted and unformulated dose-equivalent Fluzone® (Group 1) at one third of the
unit dose while the adjuvanted dose-sparing Fluzone® composition without NISV's (Group 3) did

not.

[0140] Figure 4 shows the mean HA\I titer against H3N2 A/Brisbane/10/07 thirteen days
after the first immunization (PIVdI3). It can be seen that the mean HAI titer against H3N2 for
Group 2 animals (Table 4; adjuvanted dose-sparing NISV Fluzone® composition) was
significantly higher than Group 3 animals (Table 4; adjuvanted dose-sparing Fluzone®
composition without NISV's) and aso higher than control Group 1 animals (Table 4;
unadjuvanted and unformulated dose-equivalent Fluzone®). Again, it was also observed that the
adjuvanted dose-sparing NISV Fluzone® composition (Group 2) had higher potency than the
control unadjuvanted and unformulated dose-equivalent Fluzone® (Group 1) at one third of the

unit dose while the adjuvanted dose-sparing Fluzone® composition without NISV's (Group 3) did
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not. Similar trends were observed in the immune responses of animals in the various groups
after the second immunization (P2VdI5). In genera, HAI titers measured fifteen days after the
second immunization (P2Vdl5) were approximately 4-5 fold higher than HAI titers observed

thirteen days after the first immunization.

[0141] To determine the dose dependency of the exemplary TLR-4 agonist adjuvant
PHAD on immune response, apositive control and 5 different NISV compositions prepared by
the method described in Example 1 (except with increasing amounts of PHAD co-melted with
the other lipids) were tested in female BALB/C mice 6-8 weeks old (minimum 8 animals per test
group). The six test groups are summarized below in Table 5. The mice were immunized
intramuscularly with 50 pi of the control or rehydrated compositions twice, once on day 0 and
once on day 14. Serum samples were collected from all mice in the study groups pre-
immunization and then post- 1% and -2 immunizations and analyzed using an HAI assay as

described in Example 3.

Table5
Group / Test ® * Adjuvant (PHAD) | Formulation
Article Fluzone” (09/10) J—— Type
1X human dose
j Kook (0.1X dose)** none none
5 1/3X human dose one NISV
(1/30X dose)**
1/3X human dose NISV
.001
6 (1/30X dose)** 0.00
1/3X human dose NISV
S (1/30X dose)** 0.005
1/3X human dose NISV
.01
4 (1/30X dose)** 0015
1/3X human dose
0.050 NISV
3 (1/30X dose)**

* Fluzone® (2009-2010 season; Sanofi Pasteur) is an inactivated trivalent split influenza vaccine.
Each 0.5 ml unit dose of Fluzone™ (2009-2010 season; Sanofi Pasteur) contains 15 ug HA
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antigen from each of the following influenza virus strains: HIN1, A/Brisbane/59/2007; H3N2,
A/Brishane/10/2007; and B/Brisbane/60/2008.

**Mice receive 0.1X of the standard human unit dose of Fluzone® which correlates
approximately to a | X dose-equivalent or "standard human unit dose" when converting from
humans to mice.

*** Commercial Fluzone® control used without any formulation steps.

****Content per 0.05 ml mouse unit dose.

[0142] Figure 5 shows the potency dose response in mice as determined by the HAI titer
assay of Example 3 using sera samples taken 15 days post 2nd vaccination. Ascan be seenin
Figure 5, 5 ug of PHAD (Group 5) increased the potency of the dose-sparing NISV Fluzone®
composition to approximately match the potency of the control unadjuvanted and unformulated
dose-equivalent Fluzone® (Group 1) whereas the higher doses of PHAD (15 and 50 ug) (Groups
4 and 3, respectively) increased the potency to approximately three times that of the control.
Figures 5A and B show that the exemplary TLR-4 agonist adjuvant PHAD adjuvant increased
potency in adose-dependent manner for both HIN1 and H3N2.

Example 4: Thermostability Testingd Lyophilized |mmunogenic Compositions

[0143] The stability of lyophilized immunogenic compositions (NISVs) prepared in
accordance with Example 1was evaluated at three storage temperature conditions (5°C + 3°C,
25°C + 2°C and 40°C + 2°C) for up to 6 months. There is no single stability-indicating assay or
parameter that profiles the stability characteristics of abiological product. Asdefined by the
FDA (FDA Guidance for Industry. Content and Format of Chemistry, Manufacturing and
Controls Information and Establishment Description Information for aVaccine or Related
Product), astability study for abiological product should generally test for: potency;
physicochemical measurements that are stability indicating; moisture content (if lyophilized);
pH; sterility or control of bioburden; pyrogenicity and general safety. Consequently, astability-
indicating profile using a number of assays provides assurance that changes in the identity, purity
and potency of the biological product istypically detected.

[0144] Asused herein, the term "potency"” refers to the specific ability or capacity of a
product to achieve its intended effect and is determined by a suitable in vivo or in vitro

quantitative method. An in vivo mouse potency assay was used to evaluate the potency of the
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stored compositions over time and at the three different storage temperatures. Asshown in Table
6 below, control and lyophilized compositions were stored at different temperatures for up to 6
months, after which time they were rehydrated (in the case of lyophilized compositions) and
administered IM to mice (as described in Example 2). Immune responses were then determined
using the HAI assay of Example 3.

Table6
BT gy i, Ut A D) i
I Rl ! ()(i ?;(rzir;;:ie 4.5 N/A none none
2 15); 51;3226‘;::6 1.5 312:1 0.005 NISV
3 15); 51;2226‘;::6 15 N/A 0.005 no NISV
4 1@); 51;3225::6 1.5 312:1 none NISV
5 ! ()(; ?;Izizgie 4.5 312:1 0.005 NISV
6 1()(; ?;%2;216 4.5 N/A 0.005 no NISV
7 ! ()é. ?;%2;216 4.5 312:1 none NISV

* Fluzone® (2009-2010 season; Sanofi Pasteur) is an inactivated trivalent split influenza vaccine.
Each 0.5 ml unit dose of Fluzone® (2009-2010 season; Sanofi Pasteur) contains 15 ug HA
antigen from each of the following influenza virus strains: HINI, A/Brisbane/59/2007; H3N2,
A/Brisbane/10/2007; and B/Brisbane/60/2008.

**Mice receive 0.1X of the standard human unit dose of Fluzone® which correlates
approximately to a | X dose-equivalent or "standard human unit dose” when converting from
humans to mice.

***Commercia Fluzone® control used without any formulation steps.

****Content per 0.05 ml mouse unit dose.

#\/esicleforming lipids:HA antigen weight ratio.
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[0145] The compositions were also analyzed for appearance (color and opacity) and
following rehydration were analyzed for particle size distribution (PSD) and pH. Aliquots of
rehydrated samples were centrifuged in an ultracentrifuge at 24,000 rpm, for 20 minutes at 4 °C
and supernatant and pellet fractions were removed, extracted and analyzed by SELISA to
determine antigen content (also described as "in vitro potency"). The stability of rehydrated
material was tested over 4-6 hours following rehydration. At the specified time points, the lipids
in the lyophilized compositions were analyzed for purity and degradants using HPLC. Moisture
content in the lyophilized compositions was evaluated using the Karl Fischer assay. The
compositions used for the stability study were not sterile. However, the formulation method
involved heating the lipids to > 100°C and adding the molten lipids to a sterile filtered buffer
solution containing sterile Fluzone®. The formulation methods were performed under low
microbial content (bioburden) conditions such asin alamellar flow hood and using Tyvek sterile
bags during lyophilization and back filled using sterile nitrogen. Bioburden was evaluated as
Total Aerobic Microbial Count (CFU per gram) by plating samples on Tryptic Soy Agar (TSA)
and incubating for 3-5 days at 30-35°C and as Total Combined Y easts and Molds Count (CFU
per gram) by plating samples on Sabouraud Agar (SDA) and incubating for 5-7 days at 20-25°C.

[0146] The general recommendations, as outlined in the ICH Harmonized Tripartite
Guideline: Stability Testing of New Drug Substances and Products. Q1A (R2), were followed
during the execution of the stability study. The proposed stability indicating tests are listed in
Table 7 below where a"month" was approximately 4 weeks and X indicates arequired test while
O indicates an optional test.
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Table7
Test/Assay Time points (month) and animal experiments
T=0 T=1 T=3 T=6
Potency
.. X X X X
(in vivo mouse)
ELISA
.. X X X X
(in vitro potency)
Appearance X X X X
Moisture X X X X
Bioburden X X X X
SRID o) @) @) @)
PSD X X X X
pH X X X X
HPLC @) O @) @)
[0147] Figure 6 shows the in vivo potency in mice (HAI titers assayed as described in

Example 3 using sera samples taken 15 days post 2nd vaccination) of a dose-sparing adjuvanted
NISV Fluzone® composition (Group 2: NISV, TLR-4 agonist adjuvant) versus adose-sparing
adjuvanted Fluzone® composition (Group 3: no NISV, TLR-4 agonist adjuvant) and a dose-
equivalent unadjuvanted and unformulated Fluzone® control (Group 1: no NISV, no TLR-4
agonist adjuvant). The control and lyophilized compositions were stored for 6 months at 4°C or
40°C prior to IM injection into mice as described in Example 2. Ascan be seen in Figure 6, the
HAI titers for HINI and H3N2 demonstrate that the dose-sparing adjuvanted NISV Fluzone®
composition (Group 2) was equally potent when stored for up to 6 months at 4°C or 40°C,
whereas the dose-equivalent unadjuvanted and unformulated Fluzone® control (Group 1) and
dose-sparing adjuvanted Fluzone® composition (Group 3) both lost potency when stored at 40°C
versus 4°C over the same 6 month time period.

[0148] Figure 7 shows the in vivo potency in mice (HAI titers assayed as described in
Example 3 using sera samples taken 15 days post 2nd vaccination) for a dose-equivalent

unadjuvanted NISV Fluzone® composition (Group 7: NISV, no TLR-4 agonist adjuvant) versus

the dose-equivalent unadjuvanted and unformulated Fluzone® control (Group 1: no NISV, no
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TLR-4 agonist adjuvant). The control and lyophihzed compositions were stored for 6 months at
4°C or 40°C prior to IM injection into mice as described in Example 2. As can be seen in Figure
7, the HAI titers for HIN1 and H3N2 demonstrate that the dose-equivalent unadjuvanted NISV
Fluzone® composition (Group 7) was equally potent when stored for up to 6 months at 4°C or
40°C, whereas the dose-equivalent unadjuvanted and unformulated Fluzone® control (Group 1)

lost potency when stored at 40°C versus 4°C over the same 6 month time period.

[0149] Figure 8 shows in vitro HA antigen content after different storage periods
(timepoints T=0, 1, 3, and 6 months) and temperatures (4°C, 25°C and 40°C) for the following
compositions: (A) dose-sparing adjuvanted NISV Fluzone® composition (Group 2) and (B)
dose-sparing adjuvanted Fluzone® composition (Group 3). The HA antigen content values were
determined by SELISA as described above. Compositions were centrifuged and the amounts of
HA antigen in the pellet and supernatant were measured separately as shown. Ascanbe seenin
Figure 8, the results demonstrate minimal loss of HA antigen content when Fluzone® was
formulated with NISVs and stored up to 6 months at 40°C (Group 2, Figure 8A), whereas HA
content declined steadily when Fluzone® was not formulated with NISV's and stored at 40°C
(Group 3, Figure 8B).

[0150] Appearance: The most noticeable time and temperature-dependent change in
appearance was the melting of the lyophihzed cakes which was observed in all of the lyophihzed
non-NISVs containing control compositions after storage at 40°C and to alesser extent at 25°C.
Without wishing to be bound by any theory, the melting of the lyophihzed cakes observed in
these non-NISV lyophihzed compositions did not appear to be due to incomplete drying of cakes
prior to the start of secondary drying. The lyophihzed cakes were all satisfactory following
lyophilization but shrank and liquefied at increasingly elevated temperatures over storage time.

[0151] Residual Moisture: Theresidual moisture in lyophihzed cakes was determined
using the Karl Fischer assay and was expressed as percent moisture by weight. Without wishing
to be bound by any theory, it appeared that residual moisture content of the lyophihzed cake may
inversely correlate with stability of the composition. It was observed that, at time zero (directly
after lyophilization), the total residual moisture in the lyophihzed non NISV-containing
composition groups was higher than the residual moisture in the lyophihzed NISV-containing

compositions. about 2-4% versus about 1-2% residual moisture, respectively. In general, the

50



WO 2012/006367 PCT/US2011/043094

VBI-015-PC1
2007801-0073

presence of NISVs during lyophilization resulted in lower residual moisture content. There were
very minimal to no observable changes in the residual moisture of the lyophilized NISV-
containing compositions when stored at elevated temperatures (e.g., 25°C, 40°C) for extended

periods of time (e.g., up to 6 months) (data not shown).

[0152] Particle Size Distribution: There were apparent changes in the size distribution
and the mean particle size at 40°C (and to amuch lesser extent at 25°C) in both lyophilized
NISV-containing and non NISV-containing compositions (data not shown). These changes in
the particle size distribution and the mean particle size were not observed at 4°C for any NISV-

containing compositions.

[0153] pH: ThepH of al the compositions was approximately the same when stored at
4°C, 25°C or 40°C and showed no observable trend over the course of the six month study.

Example 5: Thermostability d Lyophilized | mmunogenic Compositions with other Adjuvants
and Antigens

[0154] The objective of this study was to determine if different types of adjuvants and
antigens would be thermostable when formulated with NISVs. Note that no optimization of the
various composition(s) was completed in order to test these aternative adjuvants and antigens

(e.g., optimization of adjuvant concentration, etc.).

[0155] Different Adjuvants: All the non-ionic surfactant vesicle (NISV) compositions
with different adjuvants were prepared by the inverted melt method as described in Example 1.
Specifically, for each composition a5:4:1 molar ratio of lipids (147.59 mg MPG, 138.25 mg
CHO and 49.66 mg DCP) was placed in aflat bottom glass beaker. The beaker was clamped and
covered and the lipids were melted in aheated oil bath at 120°C-125°C with occasional swirling
using aglassrod. Concentrated phosphate buffer, prepared as described in Example 1 (0.224
ml) was added to 11.67 ml of Fluzone® influenza vaccine (2010-201 1 season; Sanofi Pasteur) in
alaminar flow hood. The buffered antigen stock solutions were homogenized at 8000 rpm at 30-
35°C, and quickly (to prevent crystallization) the melted lipids were transferred into the beaker
while homogenizing the solution. Homogenization at 8000 rpm continued for 10 minutes at 30-

35°C. Theresulting lipid-antigen suspension was shaken for 1-2 hours at 220+10 rpm at 30°C-

51



WO 2012/006367 PCT/US2011/043094

VBI-015-PC1
2007801-0073

35°C. An equivalent volume of 400 mM sucrose solution in water was added with each adjuvant
(3.5 mg adjuvant) to each of the NISV-antigen solutions and shaken for 5 minutes at 220 + 10
rpm at 30°C-35°C. Aliquots were taken (0.5 ml/vial), frozen at -80°C overnight or longer and
subsequently lyophilized according to the target lyophilization parameters in the lyophilization
cycle outlined in Table 2 and the primary drying time set points given in Table 3 for different fill

volumes.

[0156] Lyophilized adjuvanted compositions were stored for 3 months at 4°C or 40°C
and then rehydrated in 0.75 ml of WFI prior to IM injection into mice as described in Example 2.
The in vivo potency of the rehydrated compositions was assayed (HAI titers against HIN1 were
measured as described in Example 3) in sera samples taken from vaccinated mice 15 days post
2ndyaccination. The results are shown below in Table 8. These results demonstrate that the
dose-sparing adjuvanted Fluzone® compositions (Groups 1 and 2) are equally potent when stored
for up to 3 months at 4°C or 40°C irrespective of adjuvant type. The overal potency of these
dose-sparing adjuvanted NISV Fluzone® compositions (Groups 1 and 2) was less than the overall
potency of adose-equivalent NISV Fluzone® composition (Group 3). A study was also
performed with flagellin (a TLR-5 agonist adjuvant); however, the dose tested was toxic to the

mice.
Table8
Adi ¢ HAI GMT
Group/ | Fluzone® Juvan _ HIN1 P2Vd14
(10/11) Formulation
Test Content Content Type T=3 T=3
Article (ng)* Type onten yp months at | months at
he (ug) 4°C 40°C
1 1.5 CLO97** 5 NISV 177 121
2 1.5 CpGH#** 5 NISV 184 211
3 4.5 N/A N/A NISV 421 354
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*Fluzone®™ (2010-201 1 season; Sanofi Pasteur) is an inactivated trivalent split influenza vaccine.
Each 0.5 ml unit dose of Fluzone™ (2010-201 1 season; Sanofi Pasteur) contains 15 g HA
antigen from each of the following influenza virus strains: HINI, A/California/07/2009 X-
179A. H3N2, A/Victoria/2 10/2009 X-187; and B/Brisbane/60/2008.

**TLR 7/8 agonist adjuvant.

***TLR 9 agonist adjuvant.

[0157] Different Antigens:. Non-ionic surfactant vesicles (NISV) compositions of
different influenza antigens were prepared by the inverted melt method as described in Example
1. Specifically, for each composition a5:4:1 molar ratio of lipids (404 mg MPG, 378 mg CHO
and 134 mg DCP) was placed in aflat bottom glass beaker. The beaker was clamped and
covered and the lipids were melted in aheated oil bath at 120°C-125°C with occasiona swirling
using aglassrod. Concentrated phosphate buffer, prepared as described in Example 1 (0.615
ml) was added to 32 ml of Fluzone® influenza vaccine (2010-2011 season; Sanofi Pasteur),
Fluvirin® influenza vaccine (2010-201 1 season; Novartis), or FluLava ® influenza vaccine
(2010-201 1 season; GSK) in alaminar flow hood. Fluzone® influenza vaccine (2010-201 1
season; Sanofi Pasteur) is an inactivated trivalent split influenza vaccine which contains
influenza HA antigen at a concentration of 45 1 g/0.5 ml (each 0.5 ml contains 15 ug HA antigen
from each of the following influenza virus strains: HINI, A/California/07/2009 X-179A. H3N2,
A/Victorial2 10/2009 X-187; and B/Brisbane/60/2008). Fluvirin® influenza vaccine (2010-201 1
season; Novartis) is an inactivated trivalent split influenza vaccine which contains influenza HA
antigen at a concentration of 45 ug/0.5 ml (each 0.5 ml contains 15 pg HA antigen from each of
the following influenza virus strains: HINI, A/California/l07/2009 X-181; H3N2,

A/Victorial2 10/2009 X-187; and B/Brisbane/60/2008). FluLaval ® influenza vaccine (2010-201 1
season; GSK) is aso an inactivated trivalent split influenza vaccine which contains influenza HA
antigen at a concentration of 45 pg/0.5 ml (each 0.5 ml contains 15 pg HA antigen from each of
the following influenza virus strains: HINI, A/California/07/2009 X-181; H3N2,

A/Victoria/l2 10/2009 X-187; and B/Brisbane/60/2008). The buffered antigen stock solutions
were homogenized at 8000 rpm at 30-35°C, and quickly (to prevent crystallization) the melted
lipids were transferred into the beaker while homogenizing the solution, at which point
homogenization at 8000 rpm continued for 10 minutes at 30-35°C. The resulting lipid-antigen
suspension was shaken for 1-2 hours at 220 + 10 rpm at 30°C-35°C. An equivalent volume of

400 mM sucrose solution in water was added to each of the NISV/antigen solutions and shaken
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for 5 minutes at 220 + 10 rpm at 30°C-35°C. Aliquots were taken (1.5 ml/via), frozen at -80°C
overnight or longer and subsequently lyophilized according to the target lyophilization
parameters in the lyophilization cycle outlined in Table 2 and the primary drying time set points

givenin Table 3 for different fill volumes.

[0158] The compositions were stored for 3 months at 4°C and 40°C and then rehydrated
in 0.75 ml of WFI prior to IM injection into mice as described in Example 2. Figure 9 shows the
"in vitro potency" of the compositions after 3 months at 4°C or 40°C (HA antigen content
determined by SELISA, as described in Example 4). The results demonstrate minimal loss of
HA antigen content with storage up to 3 months at 40°C when the influenza antigens (Fluzone®,
Fluvirin® or FluLaval®) were formulated with NISV's, whereas HA antigen content declined
steadily when the influenza antigens (Fluzone®, Fluvirin® or FluLaval ®) were not formulated
with NISVs.

Example 6: Influenza Immunization & Monkeys with | mmunogenic Compositions

[0159] To examine immunogenicity in anon-human primate model, the compositions
that had demonstrated thermostability in vitro and in vivo in mice at 4°C, 25°C, and 40°C for up
to 6 months were also tested in rhesus macagues. Monkeys received two injections (0, 28 days)
of either (a) adose-equivalent amount (1X standard human unit dose or 45 ug) of unadjuvanted
and unformulated Fluzone® positive control or (b) adose-sparing amount (1/3X standard human
unit dose or 15 pg) of Fluzone® formulated with NISV's with or without the exemplary TLR-4
agonist adjuvant PHAD (50 ug). Serum samples were collected pre- and post-IM injection (for
up to 10 weeks post 2" injection) and analyzed by an HAI assay as described in Example 3.
HAI assays were carried out for HIN1 and H3N2 and data for H3NZ2 is presented in Figure 10
for the three treatment groups. Asshown in Figure 10, the dose-sparing NI1SV Fluzone®
compositions, either adjuvanted with PHAD or unadjuvanted, showed superior immunogenicity
compared to the unadjuvanted and unformulated Fluzone® positive control in rhesus macaques
up to 10 weeks after the second IM administration.
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Example 7: TheRoled Lipid:Antigen Ratio, Lipid Concentration and Lipid Content in
Thermostability

[0160] To examine therole that lipids play in thermostability, immunogenic
compositions were formulated using the inverted melt method (as described in Example 1) with
different lipid: antigen ratios, different lipid content per unit dose and different lipid
concentrations during homogenization and reconstitution. The various compositions tested are
described in Table 9 below. The aim of this study was to determine the thermostability of the
Fluzone® NISV compositions following 3 months storage at 4°C and 40°C.

Table9
Group/ | Lipid:Antigen | MPG CHO DCP Concentrated | Fluzone®
Test Ratio™#*# (mg) (mg) (mg) Phosphate (09/10)
Article Buffer (ml) (ml)
1 30:1 66 62.7 22 0.962 S50%*
2 100:1 132 1254 44 0.578 30%
3 300:1 379.48 354.04 125.08 0.578 30%
4 300:1 192.24 181.44 64.80 0.578 30%*
5 300:1 756.84 708.08 250.16 0.578 30%**
6 300:1 192.24 181.44 64.80 0.578 30%*
7 300:1 756.84 708.08 250.16 0.578 30%**
8 no NISV N/A N/A N/A N/A S50%*

* Fluzone® (2009-2010 season; Sanofi Pasteur) is an inactivated trivalent split influenza vaccine.
Each 0.5 ml unit dose of Fluzone™ (2009-2010 season; Sanofi Pasteur) contains 15 ug HA
antigen from each of the following influenza virus strains: HIN1, A/Brisbane/59/2007; H3N2,
A/Brisbane/10/2007; and B/Brisbane/60/2008 (i.e., 45 ugtotal HA antigen in 0.5 ml).

** Antigen stock diluted 2 times with 10 mM phosphate buffer, pH 7.2 (i.e., 22.5 ug total HA
antigen in 0.5 ml).

*** Antigen stock concentrated 2 times with Amicon Ultrafiltration tubes (i.e., 90 ugtotal HA
antigen in 0.5 ml).

****\/esicleforming lipids:HA antigen weight ratio.
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[0161] The NISV's were composed of the following lipids: 1-monopamitoyl glycerol
(MPG, anon-ionic surfactant), cholesterol (CHO, a steroid) and dicetyl phosphate (DCP, an
ionic amphiphile). To maintain a5:4:1 molar ratio lipid, amounts as given in Table 9 were
weighed out and placed in aflat bottom glass beaker and melted in aheated oil bath at 120-
125°C with occasional swirling using aglass rod, as described in Example 1. While the lipids
were melting concentrated phosphate buffer in volumes given in Table 9 was added to the
appropriate volume of Fluzone® as given in Table 9. The buffered antigen stock solutions were
then homogenized at 8,000 rpm at 30-35°C, and quickly (to prevent crystallization) the melted
lipids were transferred into the beaker while homogenizing the solution, at which point
homogenization at 8,000 rpm continued for 10 minutes at 30-35°C. The resulting NISV-antigen
suspensions were shaken for 1-2 hours at 220 + 10 rpm at 30-35°C. Finally, an equa volume of
400 mM sucrose solution in water was added to the NISV-antigen solutions and shaken for 5
minutes at 220 + 10 rpm at 30-35°C. Aliquots were taken (1 ml/vial), frozen at -80°C overnight
or longer and subsequently lyophilized according to the target lyophilization parameters in the
lyophilization cycle outlined in Table 2 and the primary drying time set points given in Table 3

for different fill volumes.

[0162] The compositions (described in Table 10) were stored at 4°C or 40°C for up to 3
months, and were then administered IM to mice (as described in Example 2). Immune response
in vaccinated mice was determined using the HAI assay described in Example 3. In addition to
in vivo potency some additional stability tests as described in Example 4 were conducted on the
compositions including visual inspection of the lyophilized cake; measurement of antigen

content by sELISA and measurement of moisture content of the lyophilized cake.
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Table 10
Group / | Fluzone® Lipid Lipid: Lipid . Fill / Lipid .
Test (09/10)* . Concentration o 4. Concentration
. dose Antigen ... | Reconstitution o e
article | Content (ng) | Ratio®+++ Homogenization| volume Reconstitution
m=8) | (ug He (mg/ml) (mg/ml)
1 4.5 135 30:1 2.7 1 ml/0.5ml 2.7
2 4.5 450 100:1 9 1 ml/0.5ml 9
3 4.5 1350 300:1 27 1 ml/0.5ml 27
4 4.5" 1350 300:1 13.5 1 ml/0.5ml 13.5
5 4.5™ 1350 300:1 54 1 ml/0.5ml 54
6 4.5" 1350 300:1 13.5 1 ml/0.25 ml 27
7 4.5 1350 300:1 54 1ml/ 1 ml 27
g 4.5 N/A N/A N/A N/A N/A

*Fluzone®™ (2009-2010 season; Sanofi Pasteur) is an inactivated trivalent split influenza vaccine.
Each 0.5 ml unit dose of Fluzone™ (2009-2010 season; Sanofi Pasteur) contains 15 g HA
antigen from each of the following influenza virus strains: HINI, A/Brisbane/59/2007; H3N2,
A/Brisbane/10/2007; and B/Brisbane/60/2008 (i.e., 45 ugtotal HA antigen in 0.5 ml).

** Approximate lipid concentration following homogenization.

*** Approximate lipid concentration following reconstitution.

****\esicleforming lipids:HA antigen weight ratio.

#Diluted antigen stock twice.

##Concentrated antigen stock twice.

##Commercial Fluzone® control used without any formulation steps.

[0163] Theresidual moisture in compositions was determined using the Karl Fischer
assay and was expressed as percent moisture by weight and is presented in Table 11. There were
distinct differences when comparing the residual moisture of the lower lipid: antigen ratio NISV
Fluzone® compositions (30:1 and 100:1) versus the higher lipid:antigen ratio NISV Fluzone®
compositions (300:1). In general, the low lipid:antigen ratio NISV Fluzone® compositions had
higher moisture content (30:1 - 2.87% and 100:1 - 1.81%) than the higher lipid:antigen ratio
NISV composition (300:1 - 1.53% or less). We aso observed differences in residual moisture in

the 300: 1 lipid:antigen ratio NISV Fluzone® compositions depending on the lipid concentration
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during homogenization. Thus, compositions prepared with lower lipid concentrations during
homogenization had aresidual moisture content in the range of 1.21 to 1.53% (Test articles 3, 4,
6) while compositions prepared with higher lipid concentrations during homogenization had a
lower residual moisture content in the range of 0.54 to 0.66% (Test articles 5 and 7). The
various lipid:antigen ratios and lipid concentrations can also be expressed as the total lipid
content in the lyophilized cake. Using this measurement for lipid content allows for acorrelation
between lipid content and residual moisture where low lipid content lyophilized cakes have high
residual moisture content and high lipid content lyophilized cakes have low residual moisture
content. The lipid content in the lyophilized cakes was also compared with the appearance of the
cakes after T =0, T = 3months at 4°C and T = 3 months at 40°C. AtT = 0, all of the NISV
Fluzone® composition lyophilized cakes appeared white, well-formed and devoid of micro-
collapse, irrespective of lipid content. The same observation was aso made for al of the NISV
Fluzone® composition lyophilized cakes at T = 3 months at 4°C. However, at T = 3 months at
40°C, not al of the NISV Fluzone® composition lyophilized cakes appeared intact; the two
lowest lipid content lyophilized cakes, i.e., Test article 1(1.35 mg) and Test article 2 (4.5 mg),
appeared to have collapsed and melted back while all of the higher lipid content lyophilized
cakes, i.e., Test articles 3-7 (6.75 mg or more) still appeared to be intact, even after storage for
three months at this elevated temperature. The same correlations are observed when lipid
concentration during homogenization isused instead of lipid content, compare: Test article 1

(2.7 mg/ml) and Test article 2 (9 mg/ml) with Test articles 3-7 (13.5 mg/ml or more).
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Table 11
Lipid** o Res.idual . .
Group /|, . . . . Lipid | Moisture Visual Inspection
Lipid:Antigen Concentration
Test Ratio®** |Homogenizati Content | Content T=3 T=3
. genization e
Article (mg/ml) (mg) (wt %) T=0 | months | months
T=0 4°C | 40°C
1 30:1 2.7 1.35 2.87 |White  [White  (Collapsed
well- well- melted
formed [formed pack cake
cake cake
2 100:1 9 4.5 1.81  |White  |[White  (Collapsed
well- well- melted
formed [formed pack cake
cake cake
3 300:1 27 13.5 1.29  |White 'White 'White
well- well- well-
formed [formed (formed
cake cake cake
4 300:1 13.5 6.75 1.21  |White 'White 'White
well- well- well-
formed [formed (formed
cake cake cake
5 300:1 54 27 0.66  |White 'White 'White
well- well- well-
formed [formed (formed
cake cake cake
6 300:1 13.5 6.75 1.53  |White 'White 'White
well- well- well-
formed [formed (formed
cake cake cake
7 300:1 54 27 0.54  |White 'White 'White
well- well- well-
formed [formed (formed
cake cake cake
8 N/A N/A N/A N/A  |N/A IN/A N/A

*Calculated using lipid concentrations during homogenization and halved due to addition of

equal volume of sucrose pre-lyophilization.

** Approximate lipid concentration following homogenization.
***Vesicleforming lipids:HA antigen weight ratio.

[0164]

Figure 11 shows in vitro HA antigen content for unformulated commercial

Fluzone® (Test article 8) versus a300:1 lipid:antigen ratio NISV Fluzone® composition (Test
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article 3), a 100:1 lipid:antigen ratio NISV Fluzone® composition (Test article 2) and a 30:1
lipid: antigen ratio NISV Fluzone® composition (Test article 1). Aliquots of rehydrated
compositions were centrifuged in an ultracentrifuge at 24,000 rpm, for 20 minutes at 4°C and
supernatant and pellet fractions were removed, extracted and analyzed by sELISA to determine
antigen content (or "in vitro potency") as described in Example 4. Antigen content was
determined for the four compositions at T = 0 and after three months storage at 40°C (T =3
months at 40°C). Significant loss of HA antigen content was detected by sELISA after 3 months
storage at 40°C for both the unformulated Fluzone® control (Test article 8) and the lowest
lipid:antigen ratio (30:1) NISV Fluzone® composition (Test article 1). After 3 months storage at
40°C, only 70% of the original HA content remained for commercial Fluzone® while only 40%
of the original HA content remained for the lowest lipid:antigen ratio (30:1) NISV Fluzone®
composition (Test article 1). In contrast the higher lipid:antigen ratio (100:1 and 300:1) NISV
Fluzone® compositions showed very little loss of HA antigen content over time despite being
stored at 40°C for three months.

[0165] Figure 12 shows the in vivo potency in mice (HAI titers assayed as described in
Example 3 using sera samples taken 15 days post 2nd vaccination) for al of the NISV Fluzone®
compositions (Groups 1-7) described in Table 10 versus an unformulated Fluzone® control
(Group 8). The results shown are for (A) HINI and (B) H3N2 and demonstrate that the NISV
Fluzone® compositions and unformulated Fluzone® control were all generally of the same

potency at T = O (average HAI titer for HINI - 189.9; average HAI titer for H3N2 - 177.5).

[0166] Figure 13 shows the in vivo potency in mice (HAI titers assayed as described in
Example 3 using sera samples taken 15 days post 2" vaccination) for the unformulated
Fluzone® control (Group 8) versus a 300:1 lipid:antigen ratio NISV Fluzone® composition
(Group 3), a 100:1 lipid:antigen ratio NISV Fluzone® composition (Group 2) and a30:1

lipid: antigen ratio NISV Fluzone® composition (Group 1). All compositions were stored for 3
months at 4°C or 40°C prior to IM injection into mice. The results shown are for (A) HINI and
(B) H3N2 and demonstrate that the 300:1 and 100:1 lipid:antigen ratio NISV Fluzone®
compositions (Groups 2 and 3) were equally potent when stored for up to 3 months at 4°C or

40°C, whereas the unformulated Fluzone® control (Group 8) and the 30:1 lipid: antigen ratio

60



WO 2012/006367 PCT/US2011/043094

VBI-015-PC1
2007801-0073

NISV Fluzone® composition (Group 1) lost potency when stored at 40°C over the same 3 month

time period.

[0167] Figure 13 also shows the in vivo potency in mice (HAI titers assayed as described
in Example 3 using in sera samples taken 15 days post 2" vaccination) for 300:1 lipid:antigen
ratio NISV Fluzone® compositions at three different lipid concentrations during homogenization
and reconstitution: low-range lipid concentration (Group 4), mid-range lipid concentration
(Group 3) and high-range lipid concentration (Group 5). All compositions were stored for 3
months at 4°C or 40°C prior to IM injection into mice. The results shown are for (A) HINI and
(B) H3N2 and demonstrate that the mid-range and high-range NISV Fluzone® compositions
(Groups 3 and 5) were equally potent when stored for up to 3 months at 4°C or 40°C, whereas
the low-range lipid concentration NISV Fluzone® composition (Group 4) showed aminimal loss
of potency when stored at 40°C over the same 3 month time period. The low-range lipid
concentration 300:1 lipid:antigen ratio NISV Fluzone® composition (13.5 mg/ml lipid
concentration during homogenization) was not as low alipid concentration as in the 30:1

lipid: antigen ratio NISV Fluzone® composition (2.7 mg/ml lipid concentration during

homogenization).

[0168] Figure 13 also shows the in vivo potency in mice (HAI titers assayed, as described
in Example 3 using sera samples taken 15 days post 2" vaccination) for 300:1 lipid:antigen ratio
NISV Fluzone® compositions at three different lipid concentrations during homogenization and
the same lipid concentration at reconstitution: low-range lipid concentration (Group 6), mid-
range lipid concentration (Group 3) and high-range lipid concentration (Group 7). All
compositions were stored for 3 months at 4°C or 40°C prior to IM injection into mice. The
results shown are for (A) HINI and (B) H3N2 and demonstrate that the mid-range and high-
range NISV Fluzone® compositions (Groups 3 and 7) were equally potent when stored for up to
3 months at 4°C or 40°C, whereas the low-range lipid concentration NISV Fluzone®
composition (Group 6) showed aminimal loss of potency when stored at 40°C over the same 3
month time period. The low-range lipid concentration 300: 1 lipid:antigen ratio NISV Fluzone®
composition (13.5 mg/ml lipid concentration during homogenization) was not as low alipid
concentration asin the 30:1 lipid:antigen NISV Fluzone® composition (2.7 mg/ml lipid
concentration during homogenization).
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Other Embodiments

[0169] Other embodiments of the disclosure will be apparent to those skilled in the art
from a consideration of the specification or practice of the disclosure disclosed herein. Itis
intended that the specification and examples be considered as exemplary only, with the true
scope of the disclosure being indicated by the following claims. The contents of any reference

that isreferred to herein are hereby incorporated by reference in their entirety.
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Claims
What isclaimed is:

1. A composition comprising an influenza virus hemagglutinin antigen and lipid vesicles,
wherein the lipid vesicles are comprised of lipids that are present in the composition in an
amount that achieves alipid:antigen weight ratio within arange of about 50:1 to about 400:1 and

the lipids include a non-ionic surfactant.

2. The composition of claim 1, wherein the composition is immunogenic.

3. An immunogenic composition comprising an influenza virus hemagglutinin antigen and
lipid vesicles, wherein the lipid vesicles are comprised of lipids that are present in the
composition in an amount that achieves alipid:antigen weight ratio of at least about 50:1 and the

lipids include anon-ionic surfactant.

4. The composition of any one of claims 1-3, wherein the composition is aliquid.
5. The composition of any one of claims 1-3, wherein the composition is dried.
6 A dried composition comprising an influenza virus hemagglutinin antigen and lipid

vesicles, wherein the lipid vesicles are comprised of lipids that are present in the composition in
an amount that achieves alipid: antigen weight ratio of at least about 30:1, the lipids include a
non-ionic surfactant and the moisture content of the composition isless than about 2% by
weight.

7. The composition of any one of claims 1-6, wherein the lipid: antigen weight ratio is at
least about 100:1.

8. The composition of any one of claims 1-6, wherein the lipid: antigen weight ratio is at
least about 200:1.
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9. The composition of any one of claims 1-6, wherein the lipid: antigen weight ratio is at
least about 250:1.

10. The composition of any one of claims 1-6, wherein the lipid: antigen weight ratio is less
than about 350:1.

11. The composition of any one of claims 1-6, wherein the lipid: antigen weight ratio is
within arange of about 250:1 to about 350:1.

12. The composition of any one of claims 1-6, wherein the lipid: antigen weight ratio is about
300:1.

13. The composition of any one of claims 1-12, wherein the composition exhibits less than
50% change in immunogenicity as determined by an HAI assay when stored for 6 months at

40°C.

14. The composition of claim 13, wherein the composition exhibits less than 10% change in

immunogenicity.

15. The composition of any one of claims 1-12, wherein the composition exhibits less than
50% loss of antigen content as determined by an ELISA when stored for 6 months at 40°C.

16. The composition of claim 15, wherein the composition exhibits less than 10% loss of

antigen content.

17. The composition of any one of claims 1-16, wherein the composition is more stable when

stored for 6 months at 40°C than areference composition that lacks the lipid vesicles.

18. The composition of claim 17, wherein stability isbased on immunogenicity as

determined by an HAI assay.
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19. The composition of claim 17, wherein stability isbased on antigen content as determined
by an ELISA.

20. An immunogenic composition comprising an influenza virus hemagglutinin antigen and
lipid vesicles, wherein the lipid vesicles are comprised of lipids that include anon-ionic
surfactant and the composition exhibits less than 50% change in immunogenicity as determined
by an HAI assay when stored for 6 months at 40°C.

21. The composition of claim 20, wherein the composition exhibits less than 10% change in

immunogenicity.

22. An immunogenic composition comprising an influenza virus hemagglutinin antigen and
lipid vesicles, wherein the lipid vesicles are comprised of lipids that include anon-ionic
surfactant and the composition exhibits less than 50% loss of antigen content as determined by a
an ELISA when stored for 6 months at 40°C.

23. The composition of claim 22, wherein the composition exhibits less than 10% loss of

antigen content.

24. An immunogenic composition comprising an influenza virus hemagglutinin antigen and
lipid vesicles, wherein the lipid vesicles are comprised of lipids that include anon-ionic
surfactant and the composition is more stable when stored for 6 months at 40°C than areference

composition that lacks the lipid vesicles.

25. The composition of claim 24, wherein stability isbased on immunogenicity as

determined by an HAI assay.

26. The composition of claim 24, wherein stability isbased on antigen content as determined
by an ELISA.
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27. The composition of any one of claims 1-26, wherein the composition is prepared by a
method that includes:

melting the lipids to produce molten lipids;

combining the molten lipids with an aqueous solution that includes the influenza virus
hemagglutinin antigen; and

homogenizing the resulting product, wherein the molten lipids and agueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of at least about 50:1 in
the resulting product.

28. The composition of claim 27, wherein the molten lipids are added to the aqueous solution

that includes the influenza virus hemagglutinin antigen.

29. The composition of claim 27, wherein the agqueous solution that includes the influenza

virus hemagglutinin antigen is added to the molten lipids.

30. The composition of any one of claims 1-29, wherein the composition is prepared by a
method that includes:

melting the lipids to produce molten lipids;

combining the molten lipids with an aqueous solution that includes the influenza virus
hemagglutinin antigen; and

homogenizing the resulting product, wherein the molten lipids and agueous solution are
combined in relative amounts and volumes that achieve alipid concentration of at least about 10

mg/ml in the resulting product.

31 The composition of claim 30, wherein the molten lipids and agueous solution are
combined in relative amounts and volumes that achieve alipid concentration in arange of about

10 mg/ml to about 100 mg/ml in the resulting product.
32. A composition comprising an influenza virus hemagglutinin antigen and lipid vesicles,

wherein the lipid vesicles are comprised of lipids that include anon-ionic surfactant and the

composition is prepared by amethod that includes:
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melting the lipids to produce molten lipids;

combining the molten lipids with an agueous solution that includes the influenza virus
hemagglutinin antigen; and

homogenizing the resulting product, wherein the molten lipids and agueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of at least about 50:1 in

the resulting product.

33. The composition of claim 32, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of at least about 100:1 in

the resulting product.

34. The composition of claim 32, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of at least about 200:1 in

the resulting product.

35. The composition of claim 32, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of at least about 250:1 in

the resulting product.

36. The composition of claim 32, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of less than about 400:1 in

the resulting product.

37. The composition of claim 32, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid: antigen weight ratio of less than about 350:1 in

the resulting product.
38. The composition of claim 32, wherein the molten lipids and aqueous solution are

combined in relative amounts that achieve alipid:antigen weight ratio within arange of about
250:1 to about 350:1 in the resulting product.
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39. The composition of claim 32, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of about 300:1 in the

resulting product.

40. The composition of any one of claims 32-39, wherein the molten lipids are added to the

aqueous solution that includes the influenza virus hemagglutinin antigen.

41. The composition of any one of claims 32-39, wherein the aqueous solution that includes

the influenza virus hemagglutinin antigen is added to the molten lipids.

42. A composition comprising an influenza virus hemagglutinin antigen and lipid vesicles,
wherein the lipid vesicles are comprised of lipids that include anon-ionic surfactant and the
composition isprepared by amethod that includes:

melting the lipids to produce molten lipids;

combining the molten lipids with an agueous solution that includes the influenza virus
hemagglutinin antigen; and

homogenizing the resulting product, wherein the molten lipids and agueous solution are
combined in relative amounts and volumes that achieve alipid concentration of at least about 10

mg/ml in the resulting product.

43. The composition of claim 42, wherein the molten lipids and aqueous solution are
combined in relative amounts and volumes that achieve alipid concentration in arange of about

10 mg/ml to about 100 mg/ml in the resulting product.

44, The composition of any one of claims 42-43, wherein the molten lipids and agueous
solution are combined in relative amounts that achieve alipid: antigen weight ratio of at least

about 50:1 in the resulting product.
45. The composition of claim 44, wherein the molten lipids and aqueous solution are

combined in relative amounts that achieve alipid:antigen weight ratio of at least about 100:1 in

the resulting product.
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46. The composition of claim 44, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of at least about 200:1 in
the resulting product.

47. The composition of claim 44, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of at least about 250:1 in
the resulting product.

48. The composition of claim 44, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of less than about 400:1 in
the resulting product.

49, The composition of claim 44, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of less than about 350:1 in

the resulting product.

50. The composition of claim 44, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio within arange of about
250:1 to about 350:1 in the resulting product.

51.  The composition of claim 44, wherein the molten lipids and aqueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of about 300:1 in the

resulting product.

52. The composition of any one of claims 42-51, wherein the molten lipids are added to the

aqueous solution that includes the influenza virus hemagglutinin antigen.

53. The composition of any one of claims 42-51, wherein the aqueous solution that includes
the influenza virus hemagglutinin antigen is added to the molten lipids.
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54. The composition of any one of claims 1-53, wherein the influenza virus hemagglutinin

antigen isfrom an influenza A HINI strain.

55. The composition of any one of claims 1-53, wherein the influenza virus hemagglutinin

antigen is from an influenza A H3N2 strain.

56. The composition of any one of claims 1-53, wherein the influenza virus hemagglutinin

antigen is from an influenza B strain.

57. The composition of any one of claims 1-53, wherein the influenza virus hemagglutinin
antigen is from two or more of an influenza A HINI strain, an influenza A H3N2 strain and an

influenza B strain.
58. The composition of any one of claims 1-53, wherein the influenza virus hemagglutinin
antigen isfrom an influenza A HINI strain, an influenza A H3N2 strain and an influenza B

strain.

59. The composition of claim 58, wherein the composition comprises approximately equal

amounts of influenza virus hemagglutinin antigen from each strain.

60. The composition of any one of claims 1-59, wherein the composition comprises one or

more inactivated influenza viruses that include the influenza virus hemagglutinin antigen.

61. The composition of any one of claims 1-59, wherein the composition comprises one or

more attenuated influenza viruses that include the influenza virus hemagglutinin antigen.

62. The composition of any one of claims 1-59, wherein the influenza virus hemagglutinin

antigen is present in the composition as a split virus antigen.

63. The composition of any one of claims 1-59, wherein the influenza virus hemagglutinin

antigen is present in the composition as a subunit antigen.
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64. The composition of any one of claims 1-63, wherein the non-ionic surfactant is an ester-
linked surfactant.

65. The composition of claim 64, wherein the non-ionic surfactant is aglycerol ester.

66. The composition of claim 64, wherein the non-ionic surfactant is 1-monopalmitoyl

glycerol.

67. The composition of any one of claims 1-63, wherein the non-ionic surfactant is an ether-
linked surfactant.

68. The composition of claim 67, wherein the non-ionic surfactant is aglycol or glycerol

monoether.

69. The composition of claim 67, wherein the non-ionic surfactant is 1-monocetyl glycerol

ether or diglycolcetyl ether.

70. The composition of any one of claims 1-69, wherein the lipids further comprise an ionic

amphiphile.

71. The composition of claim 70, wherein the ionic amphiphile is dicetylphospate.

72. The composition of any one of claims 1-71, wherein the lipids further comprise a steroid.

73. The composition of claim 72, wherein the steroid is cholesterol.

74. The composition of any one of claims 1-73, wherein the lipids comprise a non-ionic

surfactant, an ionic amphiphile and a steroid.

75. The composition of any one of claims 1-73, wherein the lipids comprise 1-

monopalmitoyl glycerol, dicetylphospate and cholesterol.
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76. The composition of any one of claims 1-75, wherein at least aportion of the influenza

virus hemagglutinin antigen present in the composition is associated with the lipid vesicles.

77. The composition of any one of claims 1-75, wherein at least aportion of the influenza

virus hemagglutinin antigen present in the composition is entrapped within the lipid vesicles.

78. The composition of any one of claims 1-77, wherein the composition further comprises

an adjuvant.

79. The composition of claim 78, wherein the adjuvant comprises a TLR-4 agonist.

80. The composition of claim 79, wherein the adjuvant comprises an attenuated lipid A

derivative.

8l. The composition of claim 79, wherein the adjuvant comprises a monophosphoryl
derivative of lipid A.

82. The composition of claim 79, wherein the adjuvant comprises a 3-deacyl
monophosphoryl derivative of lipid A.

83. The composition of claim 78, wherein the adjuvant comprises a TLR-7/8 agonist.

84. The composition of claim 78, wherein the adjuvant comprises a TLR-9 agonist.

85. The composition of any one of claims 78-84, wherein at least aportion of the adjuvant

present in the composition is associated with the lipid vesicles.

86. The composition of any one of claims 78-84, wherein at least aportion of the adjuvant
present in the composition is not associated with the lipid vesicles.
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87. The composition of any one of claims 78-84, wherein the composition is prepared by a
method that comprises:

melting the lipids to produce molten lipids;

combining the molten lipids with an aqueous solution that includes the influenza virus
hemagglutinin antigen; and

homogenizing the resulting product, wherein the adjuvant is melted with the lipids.

88. The composition of any one of claims 78-84, wherein the composition is prepared by a
method that comprises:

melting the lipids to produce molten lipids;

combining the molten lipids with an agueous solution that includes the influenza virus
hemagglutinin antigen; and

homogenizing the resulting product, wherein the adjuvant is combined with the molten

lipids and aqueous solution that includes the influenza virus hemagglutinin antigen.

89. The composition of any one of claims 78-84, wherein the composition is prepared by a
method that comprises:

melting the lipids to produce molten lipids;

combining the molten lipids with an aqueous solution that includes the influenza virus
hemagglutinin antigen; and

homogenizing and then drying the resulting product, wherein the adjuvant is added to the
resulting product before drying.

0. The composition of any one of claims 1-89, wherein the composition was prepared by a

method that did not involve storing the composition under temperature-controlled conditions.
91. The composition of any one of claims 1-89, wherein the composition was prepared by a

method that involved storing the composition at atemperature that at least temporarily exceeded
8°C.
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92. The composition of any one of claims 1-89, wherein the composition was prepared by a
method that involved storing the composition at atemperature that at least temporarily exceeded
15°C.

93. The composition of any one of claims 1-89, wherein the composition was prepared by a
method that involved storing the composition at atemperature that at least temporarily exceeded
20°C.

9. The composition of any one of claims 1-89, wherein the composition was prepared by a
method that involved storing the composition at atemperature that at least temporarily exceeded
25°C.

95. The composition of any one of claims 1-94, wherein the composition was prepared by a

method that involved storing the composition in dried form.

96. A method of treating a subject suffering from, or at risk for, an influenza infection, the
method comprising:

providing acomposition of any one of claims 1-95 in dried form,;

rehydrating the composition; and

administering to the subject atherapeutically effective amount of the rehydrated

composition.

97. The method of claim 96, wherein the rehydrated composition is administered by

intramuscular injection.

98. A method of preparing a composition comprising an influenza virus hemagglutinin
antigen and lipid vesicles, wherein the lipid vesicles are comprised of lipids that include a non-
ionic surfactant, the method comprising:

melting the lipids to produce molten lipids;

combining the molten lipids with an agueous solution that includes the influenza virus

hemagglutinin antigen; and
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homogenizing the resulting product, wherein the molten lipids and agueous solution are
combined in relative amounts that achieve alipid:antigen weight ratio of at least about 50:1 in

the resulting product.

99. The method of claim 98, wherein the molten lipids and agueous solution are combined in
relative amounts that achieve alipid: antigen weight ratio of at least about 100:1 in the resulting

product.

100. The method of claim 98, wherein the molten lipids and agueous solution are combined in
relative amounts that achieve alipid: antigen weight ratio of at least about 200:1 in the resulting

product.

101. The method of claim 98, wherein the molten lipids and agueous solution are combined in
relative amounts that achieve alipid: antigen weight ratio of at least about 250:1 in the resulting

product.

102. The method of claim 98, wherein the molten lipids and aqueous solution are combined in
relative amounts that achieve alipid: antigen weight ratio of less than about 400:1 in the resulting

product.

103. The method of claim 98, wherein the molten lipids and aqueous solution are combined in
relative amounts that achieve alipid:antigen weight ratio of less than about 350:1 in the resulting

product.
104. The method of claim 98, wherein the molten lipids and agueous solution are combined in
relative amounts that achieve alipid:antigen weight ratio within arange of about 250:1 to about

350:1 in the resulting product.

105. The method of claim 98, wherein the molten lipids and agueous solution are combined in

relative amounts that achieve alipid:antigen weight ratio of about 300:1 in the resulting product.

75



WO 2012/006367 PCT/US2011/043094

VBI-015-PC1
2007801-0073

106. The method of any one of claims 98-105, wherein the molten lipids are added to the

aqueous solution that includes the influenza virus hemagglutinin antigen.

107. The method of any one of claims 98-105, wherein the agueous solution that includes the

influenza virus hemagglutinin antigen is added to the molten lipids.

108. A method of preparing acomposition comprising an influenza virus hemagglutinin
antigen and lipid vesicles, wherein the lipid vesicles are comprised of lipids that include a non-
ionic surfactant, the method comprising:

melting the lipids to produce molten lipids;

combining the molten lipids with an agueous solution that includes the influenza virus
hemagglutinin antigen; and

homogenizing the resulting product, wherein the molten lipids and agueous solution are
combined in relative amounts and volumes that achieve alipid concentration of at least about 10

mg/ml in the resulting product.

109. The method of claim 108, wherein the molten lipids and agueous solution are combined
in relative amounts and volumes that achieve alipid concentration in arange of about 10 mg/ml

to about 100 mg/ml in the resulting product.

110. The method of any one of claims 108-109, wherein the molten lipids and aqueous
solution are combined in relative amounts that achieve alipid: antigen weight ratio of at least

about 50:1 in the resulting product.

111. The method of claim 110, wherein the molten lipids and agueous solution are combined
in relative amounts that achieve alipid:antigen weight ratio of at least about 100:1 in the

resulting product.
112. The method of claim 110, wherein the molten lipids and agueous solution are combined

in relative amounts that achieve alipid:antigen weight ratio of at least about 200:1 in the

resulting product.
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113. The method of claim 110, wherein the molten lipids and agueous solution are combined
in relative amounts that achieve alipid:antigen weight ratio of at least about 250:1 in the

resulting product.

114. The method of claim 110, wherein the molten lipids and agueous solution are combined
in relative amounts that achieve alipid:antigen weight ratio of less than about 400:1 in the

resulting product.

115. The method of claim 110, wherein the molten lipids and agueous solution are combined
in relative amounts that achieve alipid:antigen weight ratio of less than about 350:1 in the

resulting product.

116. The method of claim 110, wherein the molten lipids and agueous solution are combined
in relative amounts that achieve alipid:antigen weight ratio within arange of about 250:1 to

about 350: 1in the resulting product.
117. The method of claim 110, wherein the molten lipids and agueous solution are combined
in relative amounts that achieve alipid:antigen weight ratio of about 300:1 in the resulting

product.

118. The method of any one of claims 108-1 17, wherein the molten lipids are added to the

aqueous solution that includes the influenza virus hemagglutinin antigen.

119. The method of any one of claims 108-1 17, wherein the agueous solution that includes the

influenza virus hemagglutinin antigen is added to the molten lipids.
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