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INACTIVATED VIRUS COMPOSITIONS AND ZIKA VACCINE
FORMULATIONS

TECHNICAL FIELD OF THE INVENTION

10001} The present disclosure relates to inactivated virus compositions comprising
an inactivated whole Zika virus and formulation, methods of manufacture, and uses thereof

as well as vaccines derived therefrom.

BACKGROUND OF THE INVENTION

[0002] Zika virus, a flavivirus classified with other mosquito-borne viruses (e.g.,
vellow fever, dengue, West Nile, and Japanese encephalitis viruses) within the Flaviviridae
family has spread rapidly in a hemispheric-wide epidemic since the virus was introduced
into Brazil in 2013, The virus has reached the Central and North Americas, including
territories of the United States, consequently now threatening the continental US. Indeed,
Zika virus strain PRVABCS59 was isolated from serum from a person who had travelled to
Puerte Rico in 2015, The genome of this strain has been sequenced at least three times (See
Lanciotti et al. Emerg. Infect. Dis. 2016 May;22(5):933-5 and GenBank Accession Number
KUS01215.1; GenBank Accession Number KX087101.3; and Yun et al. Genome Announc.

2016 Aug 18:4(4) and GenBank Accession Number ANKS7897.1).

[6603] Initially isolated in 1947 in Uganda, the virus was first linked to human
disease in 1952, and has been recognized sporadically as a cause of mild, seif-limited
febrile illness in Africa and Southeast Asia (Weaver et al. (2016) Antiviral Res. 130:69-80;
Faria et al. (2016) Science. 352(6283):345-349). However, in 2007, an outbreak appeared
in the North Pacific island of Yap, and then disseminated from island to island across the
Pacific, leading to an extensive outbreak in 2013-2014 in French Polynesia, spreading then
to New Caledonia, the Cook Islands, and ultimately, to Easter Island. An Asian lineage
virus was subsequently transferred to the Western Hemisphere by routes that remain
undetermined (Faria et al. (2016) Science. 352(6283):345-349). The virus may be
transmitted zoonotically by Adedes aegypti, A. albopictus, and possibly by 4. hensiili and 4.
polynieseinsis (Weaver et al. (2016) Antiviral Res. 130:69-80). Additionally, it is thought
that other vectors for transmitting the virus may exist, and the virus may be transmitted by

blood transfusion, transplacentally, and/or through sexual transmission.
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{0004} In late 20135, a significant increase in fetal abnormalities {e.g., microcephaly)
and Guillain-Barre syndrome (GBS} in areas of widespread Zika virus infection raised
alarm that Zika virus might be much more virulent than originally thought, prompting the
World Health Organization (WHO) to declare a Public Health Emergency of International
Concern (PHEIC) (Heymann et al. (2016) Lancet 387(10020): 719-21}). While Zika virus
poses a substantial public health threat, no FDA-approved vaccive or treatment currently
extsts, and the only preventative measures for controlling Zika virus involve managing

mosquito populations.

j0005] In recent efforts to characterize a recombinant Zika virus for the
development of a potential vaccine, a non-human cell adapted Zika virus was identified that
harbors a mutation in the viral Envelope protein at position 330 (Weger-Lucarelli et al.
2017 Journal of Virology). The authors of this study found that fuil-length infectious
cEBNA clones of Zika virus strain PRVABC59 were genetically unstable when amplified
during cloning, and opted to split the viral genome to address the observed instability,
developing and applying a two plasmid system. However, a two plasmid system for the
development of a Zika vaccine is less desirable. Thus, there is a need to develop vaccines
for treating and/or preventing Zika virus infection that utilize a genetically stable Zika

Virus.

10006 It is desirable that inactivated virus compositions demonstrate good stability,
in particular it is necessary during the manufacture of vaccines that inactivated virus
compaosttions as intermediate products usually referred to as “drug substance” which is
already purified and inactivated can be transported and stored for extended periods of time
and not lose their activity when waiting for being formulated to the end product, i.e. the
vaccine. For example inactivated virus compositions may be frozen (such as e.g. at — 80
°C}, so that they can be stored for extended periods of time. Consequently, it is important
that inactivated virus compositions are stable during storage at -80 °C. Furthermore, it is
important that inactivated virus compositions are able to withstand changes in temperature.
In particular, it is important that inactivated virus compositions do not lose activity as a
result of freezing and thawing, which results in one or multiple freeze thaw cycles.
Reststance to one or multiple freeze thaw cyvcles also means that it ts possible to freeze drug

substance material during the production process.
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OBJECTS AND SUMMARY OF THE INVENTION

{0007} It is an object of the present invention to provide inactivated virus
compositions in which an inactivated whole Zika virus 1s stabilized during storage. In
particular, it is an object of the present invention to provide inactivated virus compositions
in which an inactivated whole Zika virus is stabilized during storage at — 80 °C for
extended periods of time, such as e.g. storage for at least 10 days until e.g. 6 months or a
year. Such compositions intended to be stored frozen in general do not (yet) contain an
aluminium-based adjuvant such as an aluminum salt such as alum/aluminom hydroxide — if
so desired, such aluminium-based adjuvants can be added later on, when no more frozen

storage is scheduled.

{06008} It is a further object of the present invention to provide inactivated virus
compositions that are able to stabilize an inactivated whole Zika virus during one or

multiple freeze thaw cycles.

{0009} The above objects are achieved by embodiments of the present invention as

described and claimed herein.

{0019} The present invention is, therefore, directed o a liquid inactivated virus
composition comprising:

a) an inactivated whole Zika virus,

b} at least one pharmaceutically acceptable buffer with a concentration of at least about

6.5 mM, and

¢} optionally a polyol,
wherein the liquid inactivated virus composition preferably does not contain an adjuvant
selected from aluminum salts, and

said at least one pharmaceutically acceptable butfer does not comprise phosphate ions.

0011} In a certain aspect, the concentration of phosphate ions within the liquid
inactivated virus composition is less than about 7 mM, or less than about & mM, or less than
about 5 mM, or less than about 4 mM, or less than about 3 mM, or less than about 2 mM, or

tess than about I mM.

{0012} The present invention is also directed to the use of an inactivated virus

COMpOsition comprising:
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a) an inactivated whole Zika virus,
b} at least one pharmaceutically acceptable buffer with a concentration of at least about
6.5 mM, and
¢) optionally a polyol,
wherein the liquid inactivated virus composition preferably does not contain an adjuvant
selected from aluminum salis and
wherein said at least one pharmaceuticaliy acceptable buffer does not comprise phosphate

ions, for stabilizing the inactivated whole Zika virus.

0013} The present invention is further directed to a method of preparing a liquid
inactivated virus composition comprising
a) an inactivated whole Zika virus,
b) a pharmaceutically acceptabie buffer, wherein the said bufter 15 not phosphate buffer
and wherein the concentration of said buffer is at least 6.5 mM, and
¢) optionally a polyol,
wherein the inactivated virus composition does not contain an adjuvant selected from
aluminum salts, the method comprising the following steps:
Step 1. isolating a Zika virus preparation from supernatants obtained from one or more
non-human cells;
Step 2. purifying the Zika virus preparation;
Step 3. inactivating the virus preparation;
Step 4. transferring the Zika virus preparation into a pharmaceutically acceptable butfer to

obtain the Zika virus drug substance.

{0014} The present invention is further directed to a liquid vaccine comprising:
a) the inactivated virus composition in accordance with the invention, and

b) an adjuvaot such as aluminum hydroxide.

[6615] In a certain aspect, the liquid vaccine comprises from about SO raM to about
200 mM NaCl, from about 8.5 mM to about 8¢ mM Tris and from about 0.4% w/v to about

4.7% w/v sucrose.

{6016} The present invention is also directed to a method of treating or preventing,

in particular preveating a Zika virus infection in a human subject in need thereof,
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comprising administering to the subject a unit dose of the liquid vaccine in accordance with

the present invention, as described above.

{0017} The present invention i3 further directed to a method of preparing a liquid
vaccine, the method comprising the following steps:
Step 1. providing the inactivated virus composition according to the present invention, as
described above,
Step 2. adding an adjuvant, the adjuvant preferably being an aluminum salt, and optionally
a further pharmaceutically acceptable buffered liguid to the inactivated virus

composition.

j0018] The present invention is also directed to a product obtainable by the method
described above.
BRIEF DESCRIPTION OF THE DRAWINGS

[{0019] FIG. 1 shows bright field microscopy images of Vero cell monolayers mock

infected (top) or infected with ZIKAY strain PRYVABCS9 (bottom).

10026 FIG. 2 shows growth kinetics of ZIKAY PRVABCS39 P1 on Vero cell

monolayers, as determined by TCIDso.

[00211 FIG. 3 shows potency assay testing (TCIDso) of Zika vitus PRVABCS9 PS

clones a-f.

[6622] Fi1G. 4 shows bright-field microscopy images depicting the cytopathic effect

{CPE) of growth of Zika virus PRVABCS9 P6 clones a-f on Vero cell monolayers.

(0023} FIG. 5 shows potency assay testing (TCIDso) of Zika virus PRVABCS9 P6
clones a-f
0024} FIG. 6 shows an amino acid sequence alignment comparing the envelope

glycoprotein sequence of Zika virus near residue 330 from Zika virus strains PRVABCS9
Poe (SEQ ID NO: 8) and PRVABCS9 (SEQ ID NO: 9) with several other flaviviruses
{WNV (SEQ ID NG: 10}, JEV (SEQ ID NO: 11); SLEV (SEQ ID NO: 12} YFV (SEQ 1D
NO: 13); DENV 1 16007 (SEQ ID NG: 14);, DENV 2 16681 (SEQ ID NO: 15), DENV 3
16562 (SEQ IDNO: 16); and DENY 4 1036 (SEQ ID N{O: 17)).
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{6025} FIG. 7 shows an amino acid sequence alignment comparing the NS1 protein
sequence of Zika virus near residue 98 from Zika virus strains PRVABCS9 Pée (SEQ ID
NO: 18) and PRVABCS9 (SEQ ID NO: 19) with several other flaviviruses (WNV (SEQ (D
NO: 20); JEV (S8EQ ID NO: 21); SLEV (SEQ ID NO: 22); YFV (SEQ ID NO: 23); DENV
1 16007 (SEQ ID NO: 24); DENV 2 16681 (SEQ ID NO: 25); DENV 3 16562 (SEQ
IDNO: 26); and DENV 4 1036 (SEQ ID NO: 27)).

{0026} F1G. 8 shows the plaque phenotype of ZIKAY PRVABCSS P6 virus clones
a-f compared to ZIKAV PRVABCS9 P1 virus,

{0027} FIG. 9 shows the mean plaque size of ZIKAY PRVYABCS9 P6 virus clones
compared to ZIKAY PRVABCS9 P1 virus.

{0028} FIG, 10 shows the growth kinetics of ZIKAY PRVABCS9 P6 clones a-fin

Vero cells under serum-free growth conditions.

0025} FIG. 11 shows compiled kinetics of inactivation data. Data compares
infectious potency (TCID50) to RNA copy, and completeness of inactivation (COI) for
samples from the four toxicology lots. These data indicate that the sensitivity of the COI

assay is greater than TCIDS0.

{00398} FIG. 12 shows a comparison of C6/36 and Vero sensitivity in the assay as

demonstrated with an input virus titer of 0.31 TCID30.

0831} FIG. 13 shows a logistic regression analysis of CPE vs. log TCIDS50 using
C6/36 cells site that include 99% confidence intervals around a target value of 0.01

TCIDS0/well (-2 log TCIDS50/well); the model predicis 0.85% of wells will be positive.

j0032] Fi1G. 14. The peak corresponding to the intact Zika virus {retention time ca.
8 minutes) in the SEC chromatogram tor the Zika virus vaccine drug substance in Tris +
7% sucrose buffer, following storage at — 80 °C for 67 days (this peak corresponds to

example 3C, Table 16b).

{0033} FIG, 15: The peak corresponding to the intact Zika virus (retention time ca.
& minutes) in the SEC chromatogram for the Zika virus vaceine drug substance in ZPB
buffer, following storage at — 80 °C for 67 days (this peak corresponds to example 3C,

Table 16b).
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{06034} FIG. 16: The percentage of intact Zika virus remaining (measured by SEC)

after 10 days of storage at 5 + 3 °C and — 80 °C (corresponding to example 3A),

{0035} FIG. 17 The percentage of intact Zika virus remaining (measured by SEC)

after 60 days of storage at — 80 °C (corresponding to example 3B).

10036 FIG. 18: The percentage of intact Zika virus remaining {measured by SEC}

after 67 days of storage at 5 + 3 °C and — 80 °C {corresponding to example 3C).

10037} FIG, 19: The percentage of intact Zika virus remaining (measured by SEC)
for Zika vaccine drug substance in ZPB and Tris+Suc, after storage for 3 months at - 80 °C

{corresponding to example 3D}

[0038] FiG. 20: The percentage of intact Zike virus remaining (measured by SEC)
for Zika vaccine drug substance in ZPB and TBS, after storage for 0to 60 days at 5+ 3 °C

{corresponding to example 3E).

{0039} FIG. 21: The percentage of intact Zika virus remaining {measured by SEC)

after repeated freeze-thaw cycles {corresponding to example 3F).

PDEFINITIONS

[0040] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commenly understood by one of ordinary skill in the art to which the
invention pertains. Although, any methods and materials similar or equivalent to those
described herein can be used in practice for testing of the present invention, the preferred
materials and methods are described herein. In describing and claiming the present
invention, the following terminology will be used in accordance with the definitions set out

below.

0041} Uunless clearly indicated otherwise, use of the terms “a,” “an,” and the like

refers to one or more.

10042} The term "inactivated Zika virus” as used herein is intended to comprise a
Zika virus, which has been treated with an inactivating method such as treatment with an

effective amount of fomaldehyde.
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{0043} The term "inactivated whole Zika virus" as used herein is intended to
comprise a Zika virus, which has been treated with an inactivating method such as
treatment with an effective amount of formalin. Such a treatment is considered not to
destroy the structure of the virus, i.¢. it does not destroy the secondary, tertiary or
quaternary structure and immunogenic epitopes of the virus, but the inactivated Zika virus
i3 vo Jonger able to infect host cells, which can be infected with a Zika virus that has not
been inactivated. In one embodiment, the inactivated Zika virus is no longer able to infect
VERO cells and exert a cytopathic effect on the VERO cells. In particular, the inactivated
{whole) Zika virus may be obtainable/obtained from a method wherein the Zika virus is
treated with formaldehyde in an amount of about 0.01% w/v for 10 days at a temperature of
20 °C to 24°C. A sample of whole Zika virus may provide a main peak of at least 85% of

the total area under the curve in the size exclusion chromatography.

{0044} The term "polyol” is defined for purposes of the present invention to refer to
a substance with multiple hydroxyl groups, and includes sugars (reducing and non-reducing
sugars), sugar alcohols and sugar acids. Another example for a polyol is glycerol.
Optionally, polvols as defined herein have a molecular weight which is less than about 600

Da(e.g in the range from about 120 to about 400 Da).

[0045] The term “amino group containing molecule” is defined for the purposes of
the present invention to include primary, secondary, tertiary and quaternary amine group
{(RNH:, RoNH, R3N, RyN+) containing molecules. The R group is generally a cyclic or
acyclic hydrocarbon. Amino group containing molecules include Amino acids (such ase.g.
hustidine), Tris, ACES, CHES, CAPSO, TAPS, CAPS, Bis-Tris, TAPSO, TES, Tricine, and
ADA (all of the abbreviations for each of the buffers has the same meaning as generally

known in the art).

10046} The term “room temperature” is defined for purposes of the present

invention to refer to normal room temperature, such as e.g. about 25 °C.

[6047] Within the meaning of the present invention, the terms “inactivated virus
composttion” or “liquid inactivated virus composition” generally refer to a composition in
Hguid form or in the form of a frozen liquid. Such compositions are intermediate

compositions including the inactivated virus which are often stored in a frozen state and
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then are used to finally prepare the vaccine/drug product by at least further adding

adjuvants.
[0048] “Tris” refers to tristhydroxymethyljaminomethane buffer.
[0049] If not indicated otherwise “%” refers to “weight per volume (w/v)”
DETAILED DESCRIPTION
General Technigues
{0058} The techniques and procedures described or referenced herein are generally

well understood and commonly employed using conventional methodology by those skilled
in the art, such as, for example, the widely utilized methodologies described in Sambrook et
al., Molecular Cloning: A Laboratory Manual 3d edition (2001) Cold Spring Harbor
Laboeratory Press, Cold Spring Harbor, N.Y .; Current Protocols in Molecular Biology (F. M.
Ausubel, et al. eds., (2003)); the series Methods in Enzymology (Acaderic Press, Inc.):
PCR 2: A Practical Approach (M.J. MacPherson, B D. Hames and G.R. Taylor eds.
(1995)), Harlow and Lane, eds. (1988) Antibodies, A Laboratory Manual, and Animal Cell
Culture (R.E Freshney, ed. (1987)); Oligonuclectide Synthesis (M1, Gait, ed., 1984},
Methods in Molecular Biology, Humana Press; Cell Biology: A Laboratory Notebook (J E.
Cellis, ed., 1998) Academic Press; Animal Cell Culture (R L Freshney), ed., 1987);
Introduction to Cell and Tissue Culture (J.P. Mather and P E. Roberts, 1998} Plenum Press;
Cell and Tissue Culture: Laboratory Procedures (A. Doyle, I B. Griffiths, and D.G. Newell,
eds., 1993-8) J. Wiley and Sons; Handbook of Experimental Immunology (D .M. Weir and
C.C. Blackwell, eds.}; Gene Transfer Vectors for Mammalian Cells (.M. Miller and M.P.
Calos, eds., 1987), PCR: The Polymerase Chain Reaction, (Mullis et al., eds., 1994);
Current Protocols in Immunology (J.E. Coligan et al | eds., 1991); Short Protocols in
Molecular Biclogy (Wiley and Sons, 1999); Immunobiology (C A. faneway and P. Travers,
19973; Antibodies (P. Finch, 1997}, Antibodies: A Practical Approach (D. Catty,, ed., IRL
Press, 1988-1989); Monoclonal Antibodies: A Practical Approach (P. Shepherd and C.
Dean, eds., Oxford University Press, 2000); Using Antibodies: A Laboratory Manual (E.
Harlow and D. Lane (Cold Spring Harbor Laboratory Press, 1999); and The Antibodies (M.

Zanetti and J. D, Capra, eds., Harwood Academic Publishers, 1995},
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Inactivated Virus Composition

0051} The present invention is directed to a liguid inactivated virus composition
comprising:
a) an inactivated whole Zika virus,
by at least one pharmaceutically acceptable buffer with a concentration of at least about
6.5 mM, and
¢} optionally a polyol,
wherein said at least one pharmaceutically acceptable buffer does not comprise phosphate

1ons.

(0052} In certain such embodiments, the liguid inactivated virus composition does
not contain an adjuvant selected from aluminum salts. In particular, the aluminum salts may
be selected from the group of alum (such as aluminum hydroxide), aluminum phosphate,
alurntoum hydroxide, potassivm aluominum sulfate. In certain such embodiments, the liquid
inactivated virus composition does not contain adjuvants to which the inactivated whole
Zika virus can be absorbed to. In certain such embodiments, the liquid inactivated virus
composition does not contain the adjuvants selected from aluminum salts, calcium
phosphate, toll-like receptor (TLR) agonists, monophosphoryl lipid A (MLA) MLA
derivatives, synthetic lipid A, lipid A mimetics or analogs, cytokines, saponins, muramy}
dipeptide (MDP) derivatives, CpG oligos, lipopolysaccharide (LPS) of gram-negative
bacteria, polyphosphazenes, emulsions (oil emulsions), chitosan, vitamin D, stearyl or
octadecyl tyrosine, virosomes, cochleates, poly(lactide-co-glycolides) (PLG)
microparticles, poloxamer particles, microparticles, liposoraes, Complete Freund’s
Adjuvant (CFA), and Incomplete Freund’s Adjuvant (IFA). In certain such embodiments,
the liquid inactivated virus composition does not contain an adjuvant i ¢. any adjuvant

compound known to the skilied person.

{0053} In certain embodiments, the concentration of phosphate tons within the
lquid inactivated virus composition is less than about 7 mM, or less than about 6 mM, or
fess than about S mM, or less than about 4 mM, or less than about 3 mM, or less than about
2 mM, or less than about 1 mM. A liquid comprising phosphate ions is e.g. obtainable by
dissolving or dispersing Sodium Phosphate Dibasic (Na;HPO4) and/or Potassium Phosphate

Monobasic (IKH2PO4) in a liquid. When Sodium Phosphate Dibasic (Na;HPOy) and
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Potassium Phosphate Monobasic (KHxPO4) are dissolved in a particular ratio in an aqueous

liquid this produces a phosphate buffer solution.

{0054} In certain embodiments, the concentration of the said at least one
pharmaceutically acceptable buffer in the liquid inactivated virus composition is at least
about 7 mM, or at least about 7.5 mM, or at least about 8 mM, or at least about 8.5 mM, or
at least about 9 mM, or at least about 10 mM. In certain such embodiments, the
concentration of the at least one pharmaceutically acceptable buffer in the liquid inactivated
virus composition is from about 7 mM to about 200 mM, or from about 7.5 ;M to about
200 mM, or from about 8 mM to about 200 mM, or from about 8.5 mM to about 200 mM,
or from about 9 mM to about 100 mM, or from about 9 mM to about 60 mM, or from 9 mM
to about 30 mM or from about 9 mM to about 11 mM or about 10 mM, or about 20 mM, or

about 50 mM.

[0055] In certain embodiments, the liquid inactivated virus composition comprises
only ong pharmaceutical acceptable buffer. Additionally, in certain embodiments the liguid
inactivated virus composition may comprise substantially only one pharmaceutically
acceptable buffer and only residual amounts of additional buffer components, with a
concentration of less than 2 mM, or less than 1.5 mM, or less than 1 mM or less than 0.9

M, or less than 0.5 mM, or less than 0.2 mM.

{0056} In certain embodiments, the liquid inactivaied virus composition comprises
at least two different pharmaceutically acceptable buffers, wherein the molar ratio of the
two most concentrated pharmaceutically acceptable buffers in the liquid inactivated virus
composition is not between 1.2 t0 2:1, or between 1.5 t0 5.1, or between 8:1 to 1.8, or

between 10:1 to 1:10.

0057} In certain embodiments, the concentration of potassium ions in the liquid
inactivated virus composition is less than about 4 mM, or less than about 3 mM, or less than
about 2 mM, or less than about 1.5 mM, or less than about 0.5 mM, or less than about 0.1

mM, or about O mM (i.e. substantially free of potassium ions}.

[0658] In certain embodiments, the liquid inactivated virus composition is

substantially free or free of protamine sulphate.
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{0059} In certain embodiments, the pH of the liquid inactivated virus composition is
from about pH 6.0 to about pH 9.0 or from about pH 6.5 to about pH 8.0, or from about pH

6.8 to about pH 7.8, about pH 7.4 or about pH 7.6, as determined at room temperature.

Buffer

{0068} In certain embodiments, the liquid inactivated virus composition according
to the present invention comprises:
a) an inactivated whole Zika virus,
b) at least one pharmaceutically acceptable buffer with a concentration of at least about
6.5 mM, and
¢} optionally a polyol,
wherein the liquid inactivated virus composition does not contain an adjuvant selected from
aluminum salts and
said at feast one pharmaceuticaily acceptabie buffer comprises an amino group-containing

molecule and does not comprise phosphate ions.

[0061] Buffers comprising amine group-containing molecules can be selected from
the group of Histidine (His), Tris, ACES, CHES, CAPSO, TAPS, CAPS, Bis-Tris, TAPSQ,
TES, Tricine, and ADA In certain preferred embodiments, the pharmaceutically acceptable

butfer is Tris or Histidine (His) buffer, preferably Tris buffer.

Polvol
0062} In certain embodiments, the liquid inactivated virus composition further
comprises at least one polyol.
{0063} In certain such embodiments, the liquid inactivated virus composition

comprises from about 1% w/v to about 60% w/v of the polyol, or from about 6% w/v to
about 50% w/v of the polyol, or from about 6% w/v to about 40% w/v of the polyol, or
from about 6% w/v to about 35% w/v of the polyol, or from about 6% w/v 16 about 30%
wiv of the polyol, or from about 6% w/v to about 25% w/v of the polyol, or from about 6%
w/v to about 20% w/v of the polyol, or from about 6% w/v to about 15% w/v of the polyol,

or from about 6% w/v to about 12% w/v of the polyol, or about 7% wiv of the polyol or

about 10% w/v of the polyol.
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{0064} In certain preferred embodiments, the liquid inactivated virus composition
comprises a pharmaceutically acceptable buffer comprising an amino group-containing
motecule, and from about 6% w/v to about 15% w/v of a polyol. In certain such
embodiments, the liquid inactivated virus composition comprises Tris, and from about 6%

w/v to about 15% w/v of a polvol.

[0065] In certain embodiments, the polyol is a sugar. In certain such embodiments,
the sugar is a disaccharide. In certain such embodiments, the disaccharide is a non-reducing

sugar. In certain such embodiments, the non-reducing sugar is sucrose,

{0066 In certain such embodiments, the liguid inactivated virus composition
comprises from about 5% w/v to about 20% w/v sucrose, or from about 6% w/v to about
15% wiv sucrose. In certain such embodiments, the liquid inactivated virus composition

comprises from about 6% w/v to about 8% w/v sucrose, such as about 7% w/v sucrose.

[6087] ln a certain preferred aspect, the liquid inactivated virus composition
comprises from about 8.5 mM to about 50 mM Tris and from about 6% to about 15% w/v
sucrose, wherein the pH of the inactivated virus composition is from about pH 7.0 to about

pH 8.0, when measured at room temperature.

j0068] In certain alternative embodiments, the polyol s glycerol. In certain such
embodiments, the liquid inactivated virus composition comprises from about 1% v/v to
about 60% v/v glycerol, or from about 7% v/v to about 15% v/v glveerol, or about 10% v/iv

of glycerol.

{00469} In a certain preferred aspect, the inactivated virus composition comprises
from about 8.5 mM to about 50 mM Tris and from about 6% v/v to about 15% v/v glycerol,
wherein the pH of the inactivated virus composition is from about pH 7.0 to about pH 8.0,

when measusred at room temperature,

Sedium Chioride

{00679} In certain embodiments, the liquid inactivated virus composition further
comprises sodium chloride. Inn certain such embodiments, the liquid inactivated virus
composition comprises a concentration of sodium chloride of from about about S mM to

about 500 mM sodium chloride, or from about 10 mM to about 200 mM.
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{0071} In certain such embodiments, the liquid inactivated virus composition
comprises a concentration of sodium chloride of from about 10 mM to about 40 mM, or
from about 10 mM to about 30 mM, such as about 20 mM of sodium chloride. In a certain
preferred embodiment, the liquid inactivated virus composition comprises from about 8.5
mM to about 80 mM Tris, from about 10 mM to about 30 mM sodium chlornide, from about
6% to about 15% w/v sucrose, wherein the pH of the liquid inactivated virus composition is
from about pH 7.0 to about pH 8.0, when measured at room temperature. In a certain
preferred embodiment, the liquid inactivated virus composition comprises from about 8.5
mM to about 15 mM Tris, from about 10 mM to about 25 mM sodium chloride, from about
6% to about 10% w/v sucrose, wherein the pH of the liquid inactivated virus composition is

from about pH 7.0 to about pH 8.0, when measured at room temperature,

{00672} In certain alternative embodiments, the liquid inactivated virus composition
comprises a concentration of sodium chloride of from about 100 mM to about 200 mM, or
from about 140 mM to about 160 mM, such as about 150 mM. In certain such
embodiments, the liguid inactivated virus composition comprises from about 8.5 mM fo
about 80 mM Tris and from about 140 mM to about 160 mM NaCl, wherein the pH of the
fiquid inactivated virus composition is from about pH 7.0 to about pH 8.0, when reasured
at room temperature. In certain such embodiments, the liquid inactivated virus composition
comprises from about 8.5 mM to about 15 mM Tris and from about 140 mM to about 160
M NaCl, wherein the pH of the liquid inactivated virus composition is from about pH 7.0

to about pH 8.0, when measured at room temperature,

{06073} In certain embodiments, the ionic strength of the liquid inactivated virus
composition is below about 80 mM, or below about 70 mM, or below about 60 mM, or
below about 50 mM, or below about 40 mM, or below about 30 mM. The term ionic

strength is defined by the following equation:

B

I= .22

DN b

i=1

Where, {; is the molar concentration of the ion |, Z; is the charge number of that ion, and

the sum is taken over all ions in the solution.
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Zika Virus
{0074} The present invention relates to an inactivated virus composition comprising
an inactivated whole Zika virus. In certain aspects of the present invention, the inactivated
whole Zika virus may refer to a purified inactivated whole Zika virus isolated by plaque
purification from a population of Zika viruses. The invention relates to any type of

inactivated whole Zika virus. Below a specific Zika virus is described as an example.

j0875] Zika virus (ZIKV) is a mosquito-borne flavivirus first isolated from a
sentinel rhesus monkey in the Zika Forest in Uganda tn 1947, Since that time, isolations
have been made trom humans in both Africa and Asia, and more recently, the Americas.
ZIKV is found in two (possibly three) lineages: an African lineage (possibly separate East
and West African lineages) and an Asian lineage. Accordingly, examples of suitable Zika
viruses of the present disclosure include, without limitation, viruses from the African and/or
Asian lineages. In some emboduments, the Zika virus is an African lineage virus. In some
embodiments, the Zika virus is an Asian lineage virus. Additionally, nrultiple strains within
the African and Asian lineages of Zika virus have been previously identified. Any one or
more suitable strains of Zika virus known in the art may be used in the present disclosure,
including, for examples, strains Mr 766, ArD 41519, IbH 30656, P6-740, EC Yap,
F8S13025, ArD 7117, ArD» 9957, ArD3 30101, ArD 30156, Arl3 30332, HID 78788, ArD
27707, AxD 127710, ArD 127984, ArD 127988, ArD 127994, ArD 128000, ArD» 132912,
132915, ArD 141170, ArD 142623, ArD 149917, ArD 149810, ArD 149938, ArD 157995,
ArDD 158084, ArD 165522, ArDy 165531, ArA 1465, ArA 27101, ArA 27290, ArA 27106,
ArA 27096, ArA 27407, ArA 27433, ArA 506/96, ArA 975-99, Ara 982-99, AtA 986-99,
ArA 2718, ArB 1362, Nigeria68, Malaysiat6, Kedougou84, Suriname, MR 1429,
PRVABCS9, ECMN2007, DakAr41524, H/PF/2013, R103451, 103344, 8375, IMB-185,
ZIKV/H, sapiens/Brazil/Natal/2015, SPH201S, ZIKV/Hu/Chiba/836/2016, and/or

Cuba2017. In some embodiments, strain PRVABCS9 1s used in the present disclosure.

10076} In some embodiments, an example of a Zika virus genome sequence is set

forth below as SEQ ID NO: 2:

1 gttgttgate tatgtoaate agactgegae agticgagtt tgaagegaaa getageaaca
61 gtatcaacag gttttattit ggattiggaa acgagagtit ctggtcatga aaaacccaaa

121 aaagaaatce ggaggatice ggatigicaa tatgotaaaa cgoggagtag cooglateag
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181 ccectitgge goctigaaga gactgecage cggacticty cigggtcatg ggeccatoag
241 gatggtetty gogatictag cotitttgag aticacggca atcaagecat cactgggtet

301 catcaataga tggggtteag tgoegaaaan agagectatg gaaacaataa agaagttcan
361 gaaagatetg getgecatge tgagaataat caatgotagg aaggoaganga agagacgagy
421 cgoagatact agtgtoggaa tigtiggoct cotgetgace acagetatgg cageggaggt
431 cactagacgt ggeagtecat actatatgta ctiggacaga aacgatgeig gggaggeeat
541 atcttttcca accacattgg ggatgaataa giottatata cagatcatgg atcttggaca

601 catgtgtgat gecaccatga gotatgaatg coctatgety gatgageees togaaccaga
661 tgacgtcgat tgttggtoca acacgacgtc aactigggtt gigtacggaa cetgecatea
721 caaaaaaggt gaagcacgga gatctagaag ageigigacg ctcooctece aticcaccag
781 gaagctgcaa acgeggicge aaacctggit ggaatcaaga gaatacacaa ageactigat
841 tagagtcgaa aattggatat tcaggaacee tggeticgey tlageageag cigecatege
901 ttggcetttig ggaagcicaa cgagecaaaa agteatatac tiggtealga tactgetgat
961 tgoecocggca tacageatea getgcatage agteageaat agggacttte tggaaggtat
1021 gtcaggtoog acttgegtie atgttgictt goaacatgga getigigica cogtaatggc
1081 acaggacaaa cegactgicg acatagagcet gettacaaca acagtcagea acatggegsa
1141 ggtaagatee tactgetatg aggeatcaat atcagacatg gettetgaca geegetgece
1201 aacacaaggt gaagectace tigacaagea atcagacact caatatgtct geaaaagaac
1261 gttagtggac agaggctgps gaaatggatg tggactitit gpcaaagpsa goctggieac
1321 atgcgetaag titgeatgct ccaagaaaat gaccggeaag agealccage cagagaatct
1381 ggagtaccgg ataatgcigt cagticatgg cteccageac agtggeatga tegitaatga

1441 cacaggacat gaaactgatg agaatagage gaaagtigag ataacgeeca aticaccgag

1501 ageegaagee acoctggpge gittiggaag cotaggactt gattotpaac cgaggacagy
1561 cettgacttt teagatitgt atiacttgac tatgaataac aageactggt tggttcacaa

1621 ggagtgetic cacgacatic cattacctlg geacgetggs geagacaccg gaactecaca

1681 ctggaacaac aaagaageac tggtagagtt caaggacgea catgecaaas ggcaaactgl
1741 cgiggticta gggagteaag aaggageagt tcacacggoc ctigetggag ctotggagge
1801 tgagatpgat gotecaaagy gaaggetgic ctetggccac tigaaatatc gectgaaaat
1861 ggataaactt agattzaagg scgtoteata ctectigtat actgeagegt teacattcac
1921 caagatcocg getgaaacac {geacgggac aglcacagte gaggiacagt acgeaggeac
1981 agatggacct igcaaggtic cagctcagat ggeggtggac atgeaaacic tgacocoagt
2041 tggpaggtte ataaccgeta acccegtaat cacigaaage actgagaact ctaagatgat
2101 getggaactt gatccaccat tigggoacte ttacatipte ataggagtcg gogagaagaa
2161 gatcacccac cactggeaca ggagtggcag caccatigga aaageatilg aagecactgt
2221 gagaggtoce aagagaatgg cagtcttggp agacacagee tgggactity gatcagtiog
2281 agecgetete aactcatigg geaagggeat ccatcaaatt tifggageag citicaaate

2341 attgtttoga ggaatgtect gottcicaca aattctcatt ggaacgttec tgatgtgott
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2401 gggtcieaac acaaagaatg gatctatttc cctiatgiac tiggoctiag ggegoagtott
2461 gatcttetta tecacagecg totetgetga tetggeotoe teggtpoact toicaaagaa
2521 ggagacgaga tgeggtacag geotottcet ctataacgac gttgaagect geagggacag
2381 gtacaagtac catcctgact ceocecgtag attggeagea geagtcaage aagectggga
2641 agatggtate tpcgggatct cototgtttc aagaatggaa aacatcatgt goagatcagt
2701 agaaggggag cteaacgeaa icctggaaga gaatggagtt caactgacgg tegtigtegs
2761 atctgtaaaa aaccccatgt ggagaggice acagagatig cocgtgectg tgaacgaget
2821 geeccacgge tggaaggctt ggegeaaate glatticgtc agageagcaa agacaaatas
2831 cagetttgte gtggatgste acacactgaa ggaatgeeca ctcaaacata gageatggaa
2941 cagctttctt gtggaggate atgggttcge getatticac actagtgict ggoteaaggt
3001 tagagaagat taticattag agtetzatee agecgttatt ggaacagetg ttaagegaaa
3061 geaggcetgta cacagtgate taggetactg gattgagagt gagaagaatg acacatggag
3121 petgaagage geccatetga tecgagatgaa aacatgtgaa tggecaaagt cocacacalt
3181 gigpacagat gpaatagaag agagteatct gatcatacce aagicitiag cigggocact
3241 cagecatcac aataceagag agggctacag gacceaaatg aaagggecat ggeacagiga
3301 agagctigaa attcggttte aggaatgece aggeactaag giccacgigg aggaaacats
3361 tggaacaaga ggaccatcte tgagatcaac cactgeaage geaageetyga tegaggaaty
3421 gtectgeagg gagtgcacaa tgeccecact gtegttcegg gotaaagaty getgtigpta
3481 tggaatppap ataaggccoa goaaagaace agaaagcaac ttagtaaggt caatgeigac
3541 tgeaggatea actgatcaca tggaccactt cteccttgga gtgctigtga tectgeteat
3601 gotgcaggaa ggectgaaga agagaatgac cacaaagate atcataagea catcaatgge
3661 agtgctgeta gotatgaice tgggaggalt ticaatgagt gacetggeta agettgeaat
3721 tttgatgept gocaccticg cggaaatgaa cactgeagga gatgtageto atetggegct
3781 gatagegeca ttcaaagica gaccagegtt getagtatct ticatctica gagetaatty
3841 gacacceegt gaaageatge tgctggectt gocctegtgt citttgeaaa ctgegatete
3901 cgectiggaa ggegacctga tggticteat caatggtitt gotitggect gotiggcaat
3961 acgagcegatg gtigticcac geacigataa catcaccity geaatcotgg ctgeicigac
4021 accactggee cggggcacac tectigtegc gtegagagca ggecttgcta cttgegggos
4081 gittatgete ctetctctga agggaaaagg cagtgigaag aagaacttac catitgicat
4141 gecectggga ctaaccgetg tgaggcteat cgacoecate aacgtggtes gactgctatt
4201 geteacaagg agtgggaage ggageiggee cectagegaa gtactcacag cigtiggect
4261 gatatgegea ttggctggag ggttcgccaa ggeagatata gagatgecty gecccatgge
4321 cgegateget ctgctaattg tcagttacgt gotctcagza aagagtetag acatgtacat
4381 tgaaagagca ggtgacatca catgggaaaa agatgeggaa gleactggaa acagiceceg
4441 getcgatpte gepetagatg agaglogtea tttctcoctg gtggaggaty acgetoceee
4501 catgagagag atcatactca aggiggicet gatgaccate tgtggeatea acccaatage

4561 cataccctit geagetgzag cgtegtacgt atacgtgaag actggaaaaa ggagigpioc
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4621 tctatgggat gtgecigeic coaaggaagt aaaaaaggsy gagaccacag atggagigta
4681 cagagtaatg actcgtagac tgctaggtic aacacaaglt ggagteggag tiatgcaaga
4741 ggsgotettt cacactatgt ggeacgtcac aaaaggatee gegetgagaa goggatgaags
4801 gagactigat ccatactggg gagatgicaa geaggatetg gigteatact giggiceatg
4861 gaagctagat gecgectggg atgggacag cgaggtgcag otottggecg tpcecocogg
4921 agagagagceg aggaacatce agactetgec cggaatattt aagacaaagg atggegacat
4981 tgpagegett gegeiggatt acccageagg aacticagga tetocaatce tagacaagty
5041 tgggagagts ataggactit atggcaatge getegteate aaaaacggga gtiatgitag
5101 tgecatcace caaggpagga gggageaaga gactectgtt gagtgcttcg ageectegat
5161 geigaagaag aageagetaa ctgicttaga ctigeatoct ggagctazga aaaccaggag
5221 agttcticct gaaatagtee gtgaagecat aaaaacaaga cicegtactg tgatctiage
5281 tccaaccagg gttgtegotg cigaaatgga ggaggccectt agaggectic cagtgegtia
5341 tatgacaaca geagtcaatg tcacccacte tggaacagaa ategtegact taatgtgeca
5401 tgceacctic acticacgtc tactacagee aatcagagic cocaactata atctgtatat

5461 tatggatgag gocoactica cagatcoctic aagtatagea geaagaggat acatttcaac
5521 aagggttoag atggecgage cggctgecat ciicalgace geeacgerac cagganceeg
5581 tgacgeatit ceggacteea actcaccaat tatggacace gaagtogaag teecagagag
5641 agectggage teaggettly atiggpisac geateattet ggaaaaacag titgpttigt
5701 tecaagogte aggaacggea atgagatege agetigiolg acaaaggcty gaaaacgggt
53761 catacagctc agecagaaaga citiigagac agagttccag aaaacaaaac atcaagagig
5821 geactitgte gtgacaacty acatticaga gatggecgec aactitaaag ctgacegtgt
5881 catagattec aggagatgec taaagecggt catactigat ggegagagag teattctgge
5941 tggacceatg cotgtoacac atgocagege tgeocagage ageggacgca taggcaggaa
6001 tcecaacaaa cotggagatg agtatetsta tagageteeg tgcgeagaga ctgacgaaga
6061 ccatgeacac tggettgaag caagaatget cottgacaat atttacctec aagatggect
6121 catagecteg etctatcgac clgaggeoga caaagtagea goecatigage gagagttcaa
6181 gettaggacg gageaaagga agaccttigt ggaactcaty aaaagaggag atcticctgt
6241 ttgectgacc tatcagatip caictgeegg aataacctac acagatagaa gatgetgctt
6301 tgatggcacg accaacaaca ccataatgga agacagtgle coggcagags (giggaccag
6361 acacggagag aaaagagtse tcaaaccgag gtegategae gocagagttt gtteagatea
6421 tgcggecctg aagtcattca aggagtttge cgetgggaaa agaggagegg ctitiggagt
6481 gatggaagee ctgggaacac tgecaggaca catgacagag agaticcagg aagecatipa
6541 caaccteget gtectcatac ggecagagac tggaageagg ootfacaaag cegegecgec
6601 ccaattgecg gagaccetag agaccataat gettitggeg ttgcigoeaa cagicteget
6661 gggaatetic ticgtettga teaggaacaa gegcatageg aagateoect ttggaatgot
6721 gactettggg gccagogeat ggeicatgtg gctctoggaa atigagecag ccagaatige

6781 atgtgtccte attgttgiat tectattget gptegtactc atacctgage cagaaaagea
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6841 aagatctcee caggacaace aaatggeaat catcatcatg giagoagtag gtctictges
6901 cttgattacc gecaatgaac toggategtt ggagagaaca aagagtgace taagecatct
6961 aatgggaage agagaggage gegcaaceat aggatictca atggacatty acctgeggec
7021 agecteaget tgggecatet atgetgectt gacaacittc attacceccag ceglccaaca
7081 tgcagtgace acoteataca acaactacte cttaatggcg atggecacge aagetggagt
7141 gttgttigac atgggcaaag ggatgecatt ctacgcatgg gactitggag tecegetgct
7201 aatgataggt tgctactcac aattaacace cctgacccta atagiggccea teatttpct
7261 cgtggegcac tacatgtact tgateccagg getgeaggea geagetgege gtgctgeeca
7321 gaagagaacg geagetggea tcatgaagaa coctgtigty gatggaatag tgetgactea
7381 cattgacaca atgacaattg accoccaagt ggagaaaaag atgegacage tgctactcat
7441 agcagtagee gictecageg ceatactgic goggaccgec tgggeglisee gggaggotsy
7501 ggctetgate acageegeaa cticcacttt gtgegaagge tetecgaaca agtactggaa
7561 ctectetaca gocactteac tgtgtaacat ttitagggega agttactigg ctggagctte

7621 ctaatctac acagtaacaa gaaacgotpg cttgetcaag agacetgape gtgsaacagg
7681 agagacccig ggagagaaat ggaagecocy ctigaaccag atgicggece tggagticta
7741 ctectacaaa aagicaggca tcacogaget gtgcagagaa gaggecoges gegeccteaa
7801 ggacggteis gcaacgggag gecatgetat giccegagga agigcaaage tgagatgatt
7861 ggtggagegg ggatacctge agecotatgy aaaggtcatt gatcttggat glggcagagg
7921 gpgotpgagt tactacglcg ccaccatecg caaagticaa gaagtganag gatacacaaa
7981 aggaggccct ggicatgaag aaccegigtt gatecaaage tatgzatepa acatagtecg
8041 tctiaagagt gggotosacyg tetitcatat ggcgpctgag cogtgtgaca cgtigetgte
8101 tgacataggt gagteatcat ctagteciga agtggaagaa geacggacge teagagiect
8161 ctecatggte goggattgge ttgaaaaaay accaggagces titigtataa aagtgtigte
8221 cceatacace ageactatga tggaaacect ggagegacty cagegtaget atggggoacy
8281 actggtcaga gtgccactct ccegeaacte tacacatgag atgtactggy tetetggage
8341 gaaaagcaac accataaaaa gtgtgtccac cacgageeag ctectetigg ggegeatgga
8401 cgggeetagg aggocagtga aatatgagpa geatgtgaat cicggctctg goacgegggc
8461 tgtgptaage tpcgctgaag ctoccaacat gaagatcalt ggtaaccgea tigaaageat
8521 ccgeagigag cacgeggaaa cgtggtictt tgacgagaac cacccatata ggacatggge
8581 ttaccatgga agetatgagg ccoccacaca aggeicageg tectctctaa taaacggogt
8641 tgteagecte ctgicaaaac cotgggatgt ggteactgga gicacaggaa tagecatgac
8701 cgacaccaca ccgtatggte agcaaagagt tticaaggaa aaagtggaca clagggtgec
8761 agaccoccaa gaaggeacte gicagattat gageatgote teticctaet tgtegaaaga
8821 getaggcaaa cacaaacgge cacgagietg caccaaagaa gagticatea acaaggticg
8881 tagcaatgea peattaggos caatatttga agageaaaaa gagtegaaga ctgeagtoga
8941 agctgtgaac gatccaaggt tetgogcict agtggacaag gaaagagage accaccigag

9001 aggagagtec cagagctgte tetacaacat gatgpsaaaa agagaaaaga aacaageega

Nt
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9061 atttggaaag gccaagggoa gecgegecat clggtatatg tgectaggge ctagatitct
9121 agagticgaa gecctiggat tetigaacga geatcactge atggogagag agaactcagg

9181 agotagtett gaaggoctog gattacanag acteggatat sicctagaag agatgagteg

9241 tataccagga ggaaggatet atgeagatga cactgetgge tgggacacce geaitageag
9301 gtttgatcte gagaatgaag cictaatcac caaccaaaly gagaaaggsce acagggoctt
9361 gecattggee ataatcaagt acacatacca aaacasaglg gtaaaggtee ttagaccage
9471 tgaaaaagge aaaacagita tggacatiat ttcgagacaa Qaccaaagey 9eagcaraca
9481 agttgtcact tacgetetia acacatitac caacctagtg gtgcaactca tteggaatat

9541 ggaggctgag gaagttctag agatgcaaga ctigtggcty clgeggagpt cagagaaagt
9601 gaccaactgg tigcagagcea acggatggea taggcicaaa cgaatggeag teagtggaga
9661 tgatigegtt gigaagecaa tigatgatag gtitgcacat geccteaggt ictigaatga

9721 tatggganaa gitaggaage acacacaaga giggaaacce tcaactggat gggacaactg
9781 peaagaagtt cegittiget cecaccactt caacaagete catctcaagg acgggaggte
9841 cattgtgett ceotgocgoc accaagatga actgatiges cgggoccgcg totciccagg
9901 ggcoggatge ageateeggg agactsctty cctagceaaaa toatatgege aaatgtggca
9961 getectttat ticcacagaa gggacciceg actgatggce aatgecattt gttcatetgt
10021 gecagttgac tgggticcaa clgggagaac tacctggica atecatggaa aggeagaalg
10081 gatgaccact gaagacatge tigtggtste paacagagte tggaltgagg agaacgacca
10141 catggaagac aagaccecag ttacgaaatg gacagacatt coctattigg gaaaaaggga
10201 agactigtee totggatcete tcatagggea cagacegegr accacciggg ctgagaacat
10261 taasaasacaca gtcaacatgg tgcgeaggat cataggioat gaagaaaagt acatggacta
10321 cctatccace caagttcget acttgggiga agaagggtet acacciggag tgctglaage
10381 accaatctia atgtigteag gectectagt cagecacage ttgeggaaag cigtgcagec
10441 tgtgaccecs ccaggagaag ctggeaaace aagectatag (caggecgag aacgecaigg
10501 cacggaagaa gecatgetge ctgtgageoe cicagaggac actgagtcaa aaaaccecac
10561 gegctiggag gegeaggatg goaaaagaag gtegcgacct tecccacect teaatctggy

10621 gectgaactg gagateaget gtgeatetec agaagaggga ctagtggtta gagga

{0677} In some embodiments, the Zika virus may comprise the genome sequence of
GenBank Accession number KUJ501215.1. In some embodiments, the Zika virus is from
strain PRVABCS9. In some embodiments the genome sequence of GenBank Accession
sumber KUS501215.1 comprises the sequence of SEQ ID NO: 2. In some embodiments, the
Zika virus may comprise a genomic sequence that has at least 70%, at least 71%, at least
72%, at least 73%, at least 74%.at feast 75%, at feast 76%, at least 77%, at least 78%, at
feast 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,at feast 85%,

at feast 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
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92%, at least 93%, at least 94%, at feast 95%, at least 96%, at least 97%, at least 98%%, at

least 99%, or 100% sequence identity with the sequence of SEQ ID NG 2.

[8078] In some embodiments, the Zika virus may comprise at least one polypeptide
encoded by the sequence of SEQ ID NO: 2. In some embodiments, the Zika virus may
comprise at least one polypeptide having an amino acid sequence that has at least 85%, at
feast 86%, at least 87%, at least 88%q, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%. at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity with an amino acid sequence encoded by the sequence of

SEQ ID NO: 2.

00791 Accordingly, in some embodiments, inactivated Zika viruses of the present
disclosure may be used in any of the inactivated virus comupositions disclosed herein. For
example, inactivated Zika viruses of the present disclosure may be used to provide one or
more antigens useful for treating or preventing Zika virus infection in a subject in need
thereof and/or for inducing an immune response, such as a protective immune response,

against Zika virus in a subject in need thereof.

10086} The Zika virus used in the present disclosure may be obtained from one or
more cells in cell culture (e.g., via plaque purification). Any suitable cells known in the art
for producing Zika virus may be used, including, for example, insect cells {e.g., mosquito
cells such as CCL-125 cells, Aag-2 cells, RML-12 cells, C6/36 cells, C7-10 cells, AP-61
cells, At GRIP-1 cells, At GRIP-2 cells, At GRIP-3 cells, UM-AVE]1 cells, Mos.55
cells, SualB cells, 4a-3B cells, Mos.42 cells, MSQ43 cells, LSB-AA695BB cells, NIID-
CTR cells, TRA-171, cells, and additional cells or cell lines from mosquito species such as
Aedes aegypti, Aedes albopictus, Aedes pseudoscutellaris, Aedes triseriatus, Aedes vexans,
Anopheles gambiae, Anopheles stephensi, Anopheles albimus, Culex quinquefasciatus,
Culex theileri, Culex tritaeniorhynchus, Culex bitaeniorhynchus, and/or Foxorhynchites
amboinensis), and maramalian cells (e.g., VERO cells (from monkey kidneys), LLC-MK2
cells (from monkey kidneys), MDBK cells, MDCK cells, ATCC CCL34 MDCK (NBL2)
cells, MDCK 33016 (deposit number DSM ACC 2219 as described in WO97/37001) cells,
BHK21-F cells, HKCC cells, or Chinese hamster ovary cells (CHO cells). In some
embodiments, the Zika virus {e.g., a Zika virus clonal isolate} is produced from a non-
human cell. In some embodiments, the Zika virus {e.g., a Zika virus clonal isolate) is

produced from an insect cell. In some embodiments, the Zika virus {(e.g., a Zika virus clonal
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isolate) is produced from a mosquito cell. In some embodiments, the Zika virus (e.g., a Zika
virus clonal isolate} is produced from a mammalian cell. In some embodiments, the Zika

virus (e.g., a Zika virus clonal isolate) is produced from a VERO cell.

0081} Zika viruses possess a positive sense, single-stranded RNA genome
encoding both structural and nonstructural polypeptides. The genome also containg non-
coding sequences at both the 5°- and 3'- terminal regions that play a role in virus
replication. Structural polypeptides encoded by these viruses include, without lirnitation,
capsid (), precursor membrane (prv}, and envelope (E). Non-structural (N8) polypeptides
encoded by these viruses include, without limitation, NS1, NS2ZA, NS2B, NS3, NS4A,
NS48, and NS5,

{0082} In certain embodiments, the Zika virus includes a mutation in Zika virus
WNon-structural protein 1 (NS1). In some embodiments, the Zika virus contains a Trp98Gly
mutation at position 98 of SEQ ID NQ: 1, or at a position corresponding to position 98 of

SEQGIDNO: 1.

{0083} In some embodiments, the mutation is within the NS1 polypeptide. The
amino acid sequence of a wild-type, NS1 polypeptide from an exemplary Zika virus strain

is set forth as:

DVGCSVDFSKKETRCGTGVEFVYNDVEAWRDRYKYHPDSPRRLAAAVKOQAWEDGH
CGISSVSRMENIMWR SVEGELNAILEENGVQLTVVVGSYVKNPMWRGPORLPVPVN
ELPHOWEKAWGKSYFVRAAKTNNSFVVDGDTLKECPLKHRAWNSFLVEDHGFGVEF
HTSVWLKVREDYSLECDPAVIGTAVKGKEAVHSDLGYWIESEKNDTWRLKRAHLI
EMKTCEWPKSHTLWTDGIEESDLIIPKSLAGPLSHHNTREGYRTQMKGPWHSEELE
IRFEECPOGTEKVHVEETCGTRGPSLRSTTASGRVIEEWCCRECTMPPLSFRAKDGCW
YGMEIRPRKEPESNLVRSMVT (SEG ID NO: 1)

{6084 In some embodiments, the amino acid sequence of the NS1 polypeptide has
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%,
or 100% sequence identity with the sequence of SEQ ID NO: 1. In some embodiments, the
amino acid sequence of the NS1 polypeptide may be from the amino acid sequence encoded

by the sequence of GenBank Accession number KUS01215.1 (SEQ [ NO: 2). In some
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embodiments, the amino acid sequence of the NS1 polypeptide may be amino acid
positions 795 to 1145 of the amino acid sequence encoded by the sequence of GenBank
Accession number KUS01215.1. In some embodiments, the amino acid sequence of the

NS1 polypeptide may be from Zika virus strain PRVABCS9.

9 wg

0085 “Sequence Identity”, “% sequence identity”, “% tdentity”, “% identical” or
“sequence alignment” means a comparison of a first amino acid sequence to a second
amino acid sequence, or a comparison of a first nucleic acid sequence to a second nucleic
acid sequence and is calculated as a percentage based on the comparison. The result of this

calculation can be described as “percent identical” or “percent ID.”

j0086] Generally, a sequence alignment can be used to calculate the sequence
identity by one of two different approaches. In the first approach, both mismatches at a
single position and gaps at a single position are counted as non-identical positions in final
sequence identity calculation. In the second approach, mismatches at a single position are
counted as non-identical positions in final sequence identity calculation; however, gaps at a
single position are not counted (ignored) as non-identical positions in final sequence
identity calculation. In other words, in the second approach gaps are ignored in final
sequence identity calculation. The difference between these two approaches, i.e. counting
gaps as non-identical positions vs ignoring gaps, at a single position can lead to variability

in the sequence identity value between two sequences.

{00871 In some embodiments, a sequence identity is determined by a program,
which produces an alignment, and calculates identity counting both mismatches at a single
position and gaps at a single position as non-identical positions in final sequence identity
calculation. For example program Needle (EMBOS), which has implemented the algorithm
of Needleman and Wunsch (Needleman and Wunsch, 1970, J. Mol. Biol. 48 443-453), and
which calculates sequence identity per default settings by first producing an alignment
between a first sequence and a second sequence, then counting the number of identical
positions over the length of the alignment, then dividing the number of identical residues by
the fength of an alignment, then roultiplying this number by 100 to generate the % sequence

identity [% sequence identity = (# of Identical residues / length of alignment) x 100)].

{0088} A sequence identity can be calculated from a pairwise alignment showing

both sequences over the full length, so showing the first sequence and the second sequence
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in their full length (“Global sequence identity”). For example, program Needle (EMBOSS)
produces such alignments; % sequence identity = (# of identical residues / length of

alignment) x 100}].

{00891 A sequence identity can be calculated from a pairwise alignment showing
only alocal region of the first sequence or the second sequence (“Local Identity”). For
example, program Blast (NCBI) produces such alignments; % sequence identity = (# of

Identical residues / length of alignment) x 100}].

{0098} The sequence alignment is preferably generated by using the algorithm of
Needieman and Wunsch (J. Mol. Biol. (1979) 48, p. 443-453). Preferably, the program
“NEEDLE” (The European Molecular Biology Gpen Software Suite (EMBOSS)) is used
with the programs default pararueter {gap open=10.0, gap extend=0.5 and
matrix=EBLOSUMSG?2 for proteins and matrix=EDNAFULL for nucleotides). Then, a
sequence identity can be calculated from the alignment showing both sequences over the
fuil length, so showing the first sequence and the second sequence in their full length
{“Global sequence identity”). For example: % sequence identity = (# of identical residues /

fength of alignment) x 100}

{0091} In some embodiments, a mutation occurs at one or more amino acid
positions within the NS1 polypeptide. In some embodiments, the mutation occurs at
position 98 of SEQ ID NQ: 1, or at a position corresponding to position 98 of SEQ ID NO:
1 when aligned to SEQ 2 NO: 1 using a pairwise alignment algorithm. In some

embodiments, the mutation at position 98 is a tryptophan to glycine substitution.

[0092] In some embodiments, the Zika virus comprises a mutation at position 98 of
SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ 1D NO: 1. A position
corresponding to position 98 of SEQ ID NO: 1 can be determined by aligning the amino
acid sequence of an NS1 protein to SEQ ID NO: 1 using a pairwise alignment algorithm.
Amino acid residues in viruses other than Zika virus, which correspond to the tryptophan
residue at position 98 of SEQ ID NO: 1 are shown in Figure 7 of the present application
where these residues are boxed. In some embodiments, the mutation at position 98 is a
tryptophan to glycine substitution. In some embodiments, the mutation at position 98 is a
tryptophan to giycine substitution at position 98 of SEQ ID NO: 1. In some embodiments,

the mutation at position 98 is a tryptophan to glycine substitution at a position
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corresponding to position 98 of SEQ ID NO: 1 when aligned to SEQ ID NO: 1 using a

pairwise alignment algorithm.

[8093] In some embodiments, the Zika virus contains a mutation within the NS1
protein, and at least one mutation within one or more of the C, prM, E, NS1, NSZA, NS2B,
N&3, NS4A, N84B, and N85 viral proteins. In some embodiments, the Zika virus contains
one or more mutations within the NS1 protein, and does not contain at least one mutation
within one or more of the C, prM, E, NS1, N82A, NS2B, NS3, NS4A, NS4B, and N85
viral proteins. In some embodiments, the Zika virus contains a mutation within the NS1
protein and does not contain at least one mutation within the envelope protein E. In some
embodiments, whole, inactivated virus contains at least one mutation in Zika virus Non-
structural protein 1 (INS1), and does not include a mutation in Zika virus envelope protein E
{Env). In some embodiments, the Zika virus contains a mutation at position 98 of SEQ ID
N 1, or at a position corresponding to position 98 of SEQ ID NO: 1 and does not contain
any mutation within the envelope protein E. In some embodiments, whole, inactivated Zika
virus contains a mutation at position 98 of SEQ ID NG 1, or at a position corresponding to
position 98 of SEQ ID NO: 1 and/or does not include a mutation in Zika virus envelope
protein E {(Env). In some embodiments, whole, inactivated virus contains at least one
mutation in Zika virus Non-structural protein 1 (NS1) and the sequence encoding the
envelope protein is the same as the corresponding sequence tn SEQ ID No. 2. Tn some
embodiments, the Zika virus contains a mutation at position 98 of SEQ ID NO: 1, orata
position corresponding to position 98 of SEQ 1D NO: 1 and the sequence encoding the
envelope protein is the same as the corresponding sequence in SEQ [ NO. 2. In some
embodiments, whole, inactivated Zika virus contains a mutation at position 98 of SEQ ID
NO: 1, or at a position corresponding to position 98 of SEQ ID NO: 1 and the sequence
encoding the envelope protein is the same as the corresponding sequence in SEQ D NO: 2.
In some embodiments, whole, inactivated Zika virus contains a tryptophan to glycine
substitution at position 98 of SEQ D NO: 1, or at a position corresponding to position 98
of SEQ ID NO: 1 and the sequence encoding the envelope protein is the same as the

cosresponding sequence in SEQ ID NO: 2.

j00G94] In some embodiments, the Zika virus contains at least one mutation that
enhances genetic stability as compared to a Zika virus lacking the at least one mutation. In

some embodiments, the Zika virus contains at least one mutation that enhances viral
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replication as compared to a Zika virus lacking the at least one mutation. In some
embodiments, the Zika virus contains at least one mutation that reduces or otherwise
inhibits the occurrence of undesirable mutations, such as within the envelope protein E

(Env) of the Zika virus,

{0095 In the above embodiments of the present disclosure, an exemplary pairwise
alignment algorithm is the Needleman-Wunsch global alignment algorithm, using default
parameters {¢.g. with Gap opening penalty=10.0, and with Gap extension penalty=0.5,
using the EBLOSUMG62 scoring matrix). This algorithm is conveniently implemented in the

needle tool in the EMBOSS package.

j0096] In some embodiments, the inactivated Zika virus may be used in inactivated
virus compositions. For exaruple, the inactivated Zika virus may be useful for treating or
preventing Zika virus infection in a subject in need thereof and/or inducing an immune
response, such as a protective immune response, against Zika virus in a subject in need

thereof.

Production of Inactivated Virus Compositions

0097} Other aspects of the present disclosure relate to Zika virus inactivated virus
compositions containing a purified inactivated whole virus, such as a Zika virus with a
mutation which is a tryptophan to glycine substitution at position 98 of SEQ ID NO: 1 or at
a position corresponding to position 98 of SEQ ID NO: 1 as described herein. In some
embodiments, the inactivated virus composition comprises a purified inactivated whole
Zika virus comprising a Trp98Gly mutation at position 98 of SEQ ID NO: 1, orata
position corresponding to position 98 of SEQ D NO: 1, wherein the Zika virus is derived
from strain PRYABCS9. In some embodiments, the inactivated virus composition
comprises a purified inactivated whole Zika virus comprising a Trp98Gly mutation at
position 98 of SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ ID NO:
1, wherein the Zika virus 18 derived from strain PRYABCS9 comprising the genomic
sequence according to SEQ ID NG: 2. In one embodiment, the inactivated virus

compositions contain a plaque purified clonal Zika virus isolate.

0098} Production of inactivated virus compositions of the present disclosure

includes growth of Zika virus. Growth in cell culture is a method for preparing inactivated
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virus compositions of the present disclosure. Cells for viral growth may be cultured in

suspension or in adherent conditicns.

{0099} Cell lines suitable for growth of the at least one virus of the present
disclosure include, but are not limited to: insect cells {e.g., mosquito cells as described
herein, VERO cells {(from monkey kidneys), horse, cow (e.g. MDBK cells), sheep, dog (e.g.
MDCK cells from dog kidneys, ATCC CCL34 MDCK (NBL2) or MDCK 33016, deposit
number DSM ACC 2219 as described in W(GO97/37001), cat, and rodent (e .g. hamster cells
such as BHK21-F, HKCC cells, or Chinese hamster ovary cells (CHO cells)), and may be
obtained from a wide variety of developmental stages, including for example, adult,
neonatal, fetal, and embryo. In certain embodiments, the cells are immortalized (e.g.
PERC.6 cells, as described in WO 01/38362 and WO 02/40665, and as deposited under
ECACC deposit mumber 96022940}, In preferred embodiments, mammalian cells are
utilized, and may be selected from and/or derived from one or more of the following non-
hmiting cell types: fibroblast cells {e.g. dermal, hung), endothelial cells {e.g. aortic,
coronary, pulmonary, vascular, dermal microvascular, umbilical}, hepatocytes,
keratinocytes, immune cells (e.g. T cell, B cell, macrophage, NK, dendritic), mammary
cells (e.g. epithelial), smooth muscle cells {e.g. vascular, aortic, coronary, arterial, uterine,
bronchial, cervical, retinal pericytes), melanocytes, neural cells {e.g. astrocytes), prostate
cells {e.g. epithelial, smooth muscle), renal cells {e.g. epithelial, mesangial, proximal
tubule), skeletal cells (e.g. chondrocyte, osteoclast, osteoblast), muscle cells (e.g. myoblast,
skeletal, smooth, bronchial), liver cells, retinoblasts, and stromal cells. WO 97/37000 and
WO 97/37001 describe the production of animal cells and cell lines that are capable of
growth in suspension and in serum free media and are useful in the production and
replication of viruses. In one embodiment, the cells used for growing the at least one virus

are Vero cells.

{60100} Culture conditions for the above cell types are known and described in a
variety of publications. Alternatively, culture medium, supplements, and conditions may be
purchased commercially, such as for example, described in the catalog and additional

literature of Cambrex Bioproducts (East Rutherford, N.J.).

{66191 In certain embodiments, the cells used in the methods described herein are
cultured in serum free and/or protein free media. A medium is referred to as a serum-free

medium in the context of the present disclosure, if it does not contain any additives from
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serum of human or animal origin. Protein-free is understood to mean cultures in which
multiplication of the cells occurs with exclusion of proteins, growth factors, other protein
additives and non-serum proteins, but can optionally include proteins such as trypsin or
other proteases that may be necessary for viral growth. The cells growing in such cultures

naturally contain proteins themselves.

{60192} Known serum-free media include Iscove's medium, Ultra-CHO medium
{BioWhittaker) or EX-CELL (JRH Bioscience). Ordinary serum-containing media include
Hagle's Basal Medium (BME) or Minimum Essential Medium (MEM) (Eagle, Science,
130, 432 (1959)) or Dulbecco's Modified Eagle Medium (DMEM or EDM), which are
ordinarily used with up to 10% fetal calf serum or similar additives. Optionally, Minimum
Essential Medium (MEM) (Eagle, Science, 130, 432 (1959} or Dulbecco's Modified Eagle
Medium (DMEM or EDM) may be used without any serum containing supplement.
Protein-free media like PF-CHO (JHR Bioscience), chemically-defined media like ProCHO
4CDM (BioWhittaker) or SMIF 7 (Gibco/BRL Life Technologies) and mitogenic peptides
like Primactone, Pepticase or HyPep. TM. (all from Quest International) or lactalbumin
hydrolysate (Gibco and other manufacturers) are also adequately known in the prior art.
The media additives based on plant hydrolysates have the special advantage that

contamination with viruses, mycoplasma or unknown infectious agents can be excluded.

100103} Cell culture conditions (temperature, cell density, pH value, etc ) are variable
over a very wide range owing to the suitability of the cell line employed according to the

present disclosure and can be adapted to the requirements of particular viral strains.

[00104] The method for propagating virus in cultured cells generally includes the
steps of inoculating the cultured cells with the strain to be cultured, cultivating the infected
cells for a desired time period for virus propagation, such as for example as determined by
virus titer or antigen expression {e.g. between 24 and 168 hours after inoculation) and
collecting the propagated virus. In some embodiments, the virus is collected via plague
purification. The cultured cells are inoculated with a virus (measured by PFU or TCID50)
to cell ratio of 1:500 1o 111, preferably 1:100 to 1:5. The virus 1s added to a suspension of
the cells or is applied to a monolayer of the cells, and the virus is absorbed on the cells for
at least 10 minutes, at least 20 minutes, at least 30 minutes, at least 40 minutes, at least 50
minutes, at least 60 minutes but usually less than 300 minutes at 25°C to 40°C, preferably

28°C to 38°C. The infected cell culture (e.g. monolayers) may be removed either by
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harvesting the supernatant (free of cells), freeze-thawing or by enzymatic action to increase
the viral content of the harvested culture supernatants. The harvested fluids are then either
inactivated or stored frozen. Cultured cells may be infected at a multiplicity of infection
("MOI") of about 0.0001 to 10, preferably 0.002 to 3, more preferably to 0.001 to 2. Still
more preferably, the cells are infected at an MOI of about 0.01. During infection the ratio of
culture medium to the area of the cell culture vessel may be lower than during the culture of
the cells. Keeping this ratio low maximizes the likelthood that the virus will infect the cells.
The supernatant of the infected cells may be harvested from 30 to 60 hours post infection,
or 3 to 10 days post infection. In certain preferred embodiments, the supernatant of the
infected cells is harvested 3 to 7 days post infection. More preferably, the supernatant of the
iufected cells is harvested 3 to S days post infection. In sorne embodiments, proteases {(e.g.,
trypsin) may be added during cell culture to allow viral release, and the proteases may be
added at any suitable stage during the culture. Alternatively, in certain embodiments, the
supernatant of infected cell cultures may be harvested and the viras may be isolated or

otherwise purified from the supernatant.

[60105] The viral inoculum and the viral culture are preferably free from (i.e. will
have been tested for and given a negative result for contamination by) herpes simplex virus,
respiratory syncytial virus, parainfluenza virus 3, SARS coronavirus, adenovirus,
rhinovirus, reoviruses, polyomaviruses, birnaviruses, circoviruses, and/or parvoviruses

(WO 2006/027698).

[601906] Where virus has been grown on a cell line then it is standard practice to
minimize the amount of residual cell line DNA in the final liquid inactivated virus
composition, in order 10 minimize any oncogenic activity of the host cell DNA.
Contaminating DNA can be removed during liquid inactivated virus composition
preparation using standard purification procedures e.g. chromatography, etc. Removal of
residual host cell DNA can be enhanced by nuclease treatment e.g. by using a DNase. A
couvenient mwethod for reducing host cell DNA contamination disclosed in references
{Lundblad (2001) Biotechnology and Applied Biochemistry 34:195-197, Guidance for
Industry: Biocanalytical Method Validation. U.S. Department of Health and Human Services
Food and Drug Administration Center for Drug Evaluation and Research (CBER) Center
for Veterinary Medicine (CVM). May 2001 ) involves a two-step treatment, first using a

DNase {e.g. Benzonase), which may be used during viral growth, and then a cationic



[

10

15

25

WO 2020/226831 ~30- PCT/US2020/027154

detergent {e.g. CTAB), which may be used during virion disruption. Removal by -
propiolactone treatment can also be used. In one embodiment, the contaminating DNA is

removed by benzonase treatment of the culture supernatant.

Production of Antigens

{60187} The Zika virus may be produced and/or purified or otherwise isolated by any
suitable method known in the art. In one embodiment, the antigen of the present disclosure

is a purified inactivated whole Zika virus.

100108} In some embodiments, inactivated viruses can be produced as described in

the above section entitted “Production of Inactivated Virus Compositions.”

1001909] In certain embodiments, the Zika virus of the present disclosure may be
produced by culturing a non-human cell. Cell lines suitable for production of Zika virus of
the present disclosure may include insect cells {e.g., any of the mosquito cells described
herein). Cell lines suitable for production of Zika virus of the present disclosure may also
be cells of mammalian origin, and include, but are not limited to: VERO cells (from
monkey kidneys), horse, cow {e.g. MDBK cells), sheep, dog {e.g. MDCK cells from dog
kidneys, ATCC CCL34 MBCK (NBL2) or MDCK 33016, deposit number DSM ACC
2219 as described in WO 97/37001), cat, and rodent {e.g. hamster cells such as BHKZ21-F,
HKCC cells, or Chinese hamster ovary cells (CHO cells)), and may be obtained from a
wide variety of developmental stages, including for example, adult, neonatal, fetal, and
embryo. In certain embodiments, the cells are immortalized (e.g. PERC 6 cells, as described
in WO 01/38362 and WO 02/40665, and as deposited under ECACC deposit number
96022940). In preferred embodirnents, mammalian cells are utilized, and may be selected
from and/or derived from one or more of the following non-limiting cell types: fibroblast
cells (e.g. dermal, lung), endothelial celis {e.g. aortic, coronary, pulmonary, vascular,
dermal microvascular, umbilical), hepatocytes, keratinocytes, immune cells (e.g. T cell, B
cell, macrophage, NK, dendritic), mammary cells (e.g epithelial), smooth muscle cells (e.g.
vascular, aortic, coronary, arterial, uterine, bronchial, cervical, retinal pericytes),
melanocytes, neural cells (e.g. astrocytes), prostate cells (e.g. epithelial, smooth muscle),
renal cells (e.g. epithelial, mesangial, proximal tubule), skeletal cells (e.g. chondrocyte,
osteoclast, osteoblast), muscle cells {e.g. myoblast, skeletal, smooth, bronchial), liver cells,
retinoblasts, and stromal celis. WG 97/37000 and WO 97/37001 describe production of

animal cells and cell lines that are capable of growth in suspension and in serum free media
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and are useful in the production of viral antigens. In certain embodiments, the non-human
cell is cultured in serum-free media. In certain embodiments, the Zika virus of the present

disclosure may be produced by culturing Vero cells.

Yirus inactivation

{66119} The liquid inactivated virus composition according to the present invention

comprises an inactivated whole Zika virus.

{00111} Methods of inactivating or killing viruses to destroy their ability to infect
mammalian cells, but do not destroy the secondary, tertiary or quaternary structure and
imrounogenic epitopes of the virus are known in the art. Such methods include both
chemical and physical means. Suitable means for inactivating a virus include, without
fimitation, treatment with an effective amount of one or more agents selected from
detergents, formalin (also referred to herein as “formaldehyde”™), hydrogen peroxide, beta-
propiolactone (BPL), binary ethylamine (BE!), acety! ethyleneimine, heat, electromagnetic
radiation, x-ray radiation, gamma radiation, ultraviolet radiation (UV radiation}, UV-A
radiation, UV-B radiation, UV-C radiation, methylene blue, psoralen, carboxyfullerene
{Ceo), hydrogen peroxide and any combination of any thereof. As already mentioned above,
for the purpose of the present application the terms “formalin” and “formaldehyde” are
used interchangeably. When reference is made herein to a concentration of formaldehyde, it
sefers to the concentration of formaldehyde and not to the concentration of formalin.
Accordingly, a "formaldehyde concentration of 0.01% (w/v)" refers to 0.01% (w/v)
formaldehyde, and no further correction of this concentration for the formaldehyde
concentration in the formalin stock solution (which typically contains 37% formaldehyde
by mass) has to be made. For example, such a formaldehyde concentration in the virus
preparation can be obtained by diluting formalin to a working solution having a
formaldehyde content of 1.85% (w/v), which is then further diluted to the required
conceniration when it is mixed with the virus preparation such as the Zika virus

preparation.

00112} In certain embodiments of the present disclosure the at feast one (Zika) virus
is chemically inactivated. Agents for chemical inactivation and methods of chemical
inactivation are well known in the art and described herein. In some embodiments, the at
feast one virus is chemically inactivated with one or more of BPL, hydrogen peroxide,

formalin, or BEIL In certain embodiments where the at least one virus is chemically
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inactivated with BPL, the virus may contain one or more modifications. In some
embodiments, the one or more modifications may include a modified nucleic acid. In some
embodiments, the modified nucleic acid is an alkylated nucleic acid. In other embodiments,
the one or more modifications may include a modified polypeptide. In some embodiments,
the modified polypeptide contains a modified amino acid residue including one or more of a
modified cysteine, methionine, histidine, aspartic acid, glutamic acid, tyrosine, lysine,

serine and threonine.

{00113 In certain embodiments, the at least one (Zika) virus is inactivated with
formaldehyde.
00114} In certain embodiments where the at least one virus is chemically inactivated

with formalin (formaldehyde), the inactivated virus may contain one or more modifications.
in some embodiments, the one or more modifications may include a modified polypeptide.
In some embodiments, the one or more modifications may include a cross-linked
polypeptide. In some embodiments where the at least one virus is chemically inactivated
with formalin, the lguid inactivated virus composition further includes formalin. In certain
embodiments where the at least one virus is chemically inactivated with BEL the virus may
contain one or more modifications. In some embodiments, the one or more modifications
may include a modified nucleic acid. In some embodiments, the modified nucleic acid is an

alkylated nucleic acid.

00115} In some embodiments, where the at least one virus is chemically inactivated
with formalin, any residual unreacted formalin may be neutralized with sodium
metabisulfite, may be dialyzed out, and/or may be buffer exchanged to remove the residual
unreacted formalin. In some embodiments, the sodium metabisulfite is added in excess. In
some embodiments, the solutions may be mixed using a mixer, such as an in-line static
mixer, and subsequently filtered or further purified (e.g., using a cross flow filtrations

system).

{00116} In some embodiments, the formaldehyde concentration 13 0.005% {(w/iv) to
0.02% (w/v). In some embediments, the formaldehyde concentration is 0.0075% (w/v) to

0.015% (w/v). In some embodiments, the formaldehyde concentration is 0.01% (w/v).

00117} In some embodiments, the Zika virus is an inactivated whole virus

obtained/obtainable by a method wherein the Zika virus is treated with formaldehyde in an
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amount that ranges from about 0.001% w/v to about 3.0% w/v for Sto 15 days ata
temperature that ranges from about 15 °C to about 37 °C. In certain such embodiments, the
Zika virus 18 an inactivated whole virus obtained/obtainable by treating a whole live Zika
virus with 0.005% to 0.02% w/v of formaldehyde. To certain such embodiments, the Zika
virus is an inactivated whole virus obtained/obtainable by treating a whole live Zika virus

with less than 0.015% w/v of formaldehyde.

{00118} In certain embodiments, the inactivated whole Zika virus is considered to be
obtainable/obtained from a method wherein the Zika virus is treated with formaldehyde in
an amount that ranges from about 0.02% w/v for 14 days at a temperature of 22°C. In some
embodiments, an inactivated whole Zika virus preparation is considered to be
obtainable/obtained from a method wherein the Zika virus is treated with formaldehyde in

an amount of about 0.01% w/v for 10 days at a temperatare of 22°C.

Zika Virus Purity
[00119] The purity of the Zika virus can be determined by size exclusion
chromatography. Certain embodiments of the present disclosure relate to inactivated virus
compositions comprising an inactivated whole Zika virus that is at least 85% pure as
determined by the main peak of the Zika virus in the size exclusion chromatography being
more than 85% of the total area under the curve. In certain such embodiments, the Zika virus
may be 90% pure as determined by the main peak of the Zika virus in the size exclusion
chromatography being more than 90% of the total area under the curve. In certain such
embodiments, the Zika virus may be 95% pure as determined by the main peak of the Zika
virus in the size exclusion chromatography being more than 95% of the total area under the

Curve.

Use

[80120] In a certain embodiment, the present invention refates to the use of an
inactivated virus composition comprising:
a) an inactivated whole Zika virus,
b) at least one pharmaceutically acceptable buffer with a concentration of at least about
6.5 mM, and

¢} optionally a polvol,
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wherein the inactivated virus composition does not contain an adjuvant selected from
aluminum salts and said at least one pharmaceutically acceptable butfer does not comprise

phosphate ions, for stabilizing the inactivated whole Zika virus.

00121} In certain embodiments, the present invention relates to the use of an
S inactivated virus composition in accordance with the present invention {as described above)

for stabilizing an inactivated whole Zika virus.

j66122] In certain such embodiments, the present invention relates to the use of the
inactivated virus composition for stabilizing the inactivated whole Zika virus during storage

at 53 °C for at least 10 days.

10 [66123] In certain embodiments, the present invention relates to the use of the
inactivated virus composition for stabilizing the inactivated whole Zika virus during storage
at -80 °C for at least 10 days. In certain such embodiments, the present invention relates to
the use of the inactivated virus composition for stabilizing the inactivated whole Zika virus
during storage at -80 °C for at least 6 months. In certain such embodiments, the present

15 invention refates to the use of the inactivated virus composition for stabilizing the

inactivated whole Zika virus during storage at -80 °C for at least 12 months.

00124} In certain such embodiments, the present invention relates to the use of the
inactivated virus composition for stabilizing the inactivated whole Zika virus during one or

multiple freeze thaw cycles, such as at least 4 freeze thaw cycles.

20 Method of Maunufacture of the lnactivated Virus Composition

j00125] In certain embodiments, the present invention relates to a method of

preparing an inactivated virus composition comprising:

a) an inactivated whole Zika virus;

b) a pharmaceutically acceptable butfer, wherein the said buffer is not phosphate
23 buffer and wherein the concentration of said buffer is at least 6.5mM, and

c) optionally a polyol;

wherein the inactivated virus composition does not contain an adjuvant selected from
aluminum salts; the method comprising the following steps:
Step 1. isolating a Zika virus preparation supernatants obtained from one or more non-

30 human cells,



h

10

15

L3
h
t

WO 2020/226831 -~ PCT/US2020/027154

Step 2. purifying the Zika virus preparation;
Step 3. inactivating the virus preparation;
Step 4. transferring the Zika virus preparation into a pharmaceutically acceptable buffer to
obtain the Zika virus drug substance.
[66126] In some embodiments, the cells used in step 1 are non-human cells. Suitable
non-human mammalian cells include, but are not limited to, VERO cells, LLC-MK2 cells,
MDBK cells, MDCK cells, ATCC CCL34 MDCK (NBL2) cells, MDCK 33016 {deposit
number DSM ACC 2219 as described in WQO97/37001) cells, BHK21-F cells, HKCC cells,

and Chinese hamster ovary cells (CHO cells). In some embodiments, the mammalian cells

are Vero cells.

{60127} In step 2, any method of purifying a virus preparation known in the art may
be employed to 1solate the Zika virus, including, without limitation, using cross flow
filiration (CFF), multimodal chromatography, size exclusion chromatography, cation
exchange chromatography, and/or anion exchange chromatography. In some embodiments,
the virus preparation is isclated by cross flow filtration (CFF). In some embodiments, the
virus preparation is purified to a high degree in an amount that is about 70%, about 75%,
about 0%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about

95%; about 96%, about 97%, about 98%, about 99%, or more.

100128] In step 3, the Zika virus preparation may be inactivated by being treated with
0.005 to 0.02% (w/v) formalin for eight to twelve days at a temperature of 15°C to 30°C. In
some embodiments, the Zika virus preparation is treated with 6.005 to 6.02% (w/v)
formalin for nine to eleven days at a temperature of 15°C to 30°C. In some embodiments,
the Zika virus preparation is treated with 0.005 to 0.02% (w/v) formalin for ten days at a
termperature of 15°C to 30°C. In some embodiments, the Zika virus preparation is treated
with 0.008 to 0.015% (w/v) formalin for eight to twelve days at a temperature of 15°C to
30°C. In some embodiments, the Zika virus preparation is treated with 0.008 to 0.015%
(w/v) formalin for nine to eleven days at a temperature of 15°C to 30°C. In some
embodiments, the Zika virus preparation is treated with 0.008 to 0.015% (w/v) formalin for
ten days at a temperature of 15°C to 30°C. In some embodiments, the Zika virus preparation
is treated with 0.01% (w/v) formalin for eight to twelve days at a temperature of 15°C to
30°C. In some embodiments, the Zika virus preparation is treated with 0.01% (w/v)

formalin for nine to eleven days at a temperature of 15°C t0 30°C. In some embodiments,
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the Zika virus preparation is treated with 0.01% (w/v) formalin for ten days at a temperature

of 15°C 10 30°C.

[00129] In some embodiments, step 3 further involves neutralizing unreacted

formalin with an effective amount of sodium metabisulfite.

{001306] In certain embodiments, the present invention also relates to a product (such

as an inactivated virus composition} obtainable by the method described above.

ZIKA VIRUS VACCINE

{00131} The inactivated virus compositions according 1o the present invention
generally refer to intermediate compositions used in the manufacture of vaccines. A certain
further aspect of the present invention relates to liquid vaccines (or compositions suitable
for use in the treatment or prevention of a disease or condition, in particular for
composttions suitable for use in the treatment or prevention of Zika virus infection),
obtained/obtainable from the inactivated virus compositions described above. The vaccine
contains adjuvants and may bave buffer and excipient concentrations different from the

inactivated virus composition.

100132} In certain such embodiments, the present invention relates to a liquid vaccine
cComprising:
a) the inactivated virus composition according to any one of the preceding claims,
and
by an adjuvant, such as aluminum hydroxide.
{00133} In certain such embodiments, the present invention relates to a liquid vaccine

comprising an inactivated Zika virus, wherein the concentration of sodium chloride in the
Hquid vaccine is from about 50 M to about 200 mM, or from about 50 mM to about 150
mM, such as about 84 mM. In certain such embodiments, the present invention relates to a
fiquid vaccine, wherein the liquid vaccine comprises from about 8.5 mM to about 80 mM
Tris and from about 50 M to about 150 mM NaCl, and wherein the pH of the liquid

vaceine is from about pH 7.0 to about pH 8.0, when measured at room temperature.

100134] In certain such embodiments, the concentration of Tris in the liquid vaccine
is from about 9 mM to about 830 mM, or from about 9 mM to about 60 mM, or from 9 mM

to about 30 mM, or from about 9 mM to about 11 mM or about 10 mM.
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{06135} In certain embodiments, the present invention relates to a liquid vaccine

wherein the liquid vaccine comprises from about 0.4% (w/v) to 4.7% {w/v) sucrose.

06136} In certain embodiments, the osmolality of the liquid vaccine is about 300
+50 mOsm/kg. Osmolality is determined via freezing point depression in an Advanced
Instruments OsmoPRO® Multi-Sample Micro-Osmometer (Fisher Scientific, Pitisburgh,

PA), following the manufacturer’s instructions and using their calibration and reference

solutions.
Adjuvants
[00137] The vaccines according to the present invention comprise one or more

antigens from at least one Zika virus, in combination with one or more adjuvants.

[60138] Various methods of achieving an adjuvant effect for vaccings are known and
may be used in conjunction with the Zika virus vaccines disclosed herein. General
principles and methods are detailed in "The Theory and Practical Application of
Adjuvants”, 1995, Duncan E. §. Stewart-Tull (ed.), John Wiley & Sons Ltd, ISBN 0-471-
951706, and also in "Vaccines: New Generation Immunological Adjuvants”, 1995,

Gregoriadis G et al. {eds.), Plenum Press, New York, ISBN 0-306-45283-9.

[60139] Exemplary adjuvanis may inciude, but are not limited to, aluminum salis,
calcium phosphate, toll-like receptor {TLR) agonists, monophosphoryl lipid A (MLA},
MILA derivatives, synthetic lipid A, lipid A mimetics or analogs, cytokines, saponins,
muramy! dipeptide (MDP) derivatives, CpG oligos, Hpopolysaccharide (LPS) of gram-
negative bacteria, polyphosphazenes, emulsions (oil emulsions), chitosan, vitamin D,
stearyl or octadecyl tyrosine, virosomes, cochleates, poly(lactide-co-glycolides) (PLG)
microparticles, poloxamer particles, microparticles, liposomes, Complete Freund's
Adjuvant (CFA), and Incomplete Freund’s Adjuvant (JFA). In some embodiments, the

adjuvant is an aluminum salt.

[00140] In some embodiments, the adjuvant includes at least one of alum (such as
aluminum hydroxide), aluminum phosphate, aluminum oxide hydroxide, aluminum
hydroxide, precipitated aluminum hydroxide, potassium aluminum sulfate, and gel-like
aluminum hydroxide such as, e.g. Alhydrogel 85. Hereinafter, aluminum oxide hydroxide,

aluminum hydroxide and precipitated and/or gel-like aluminum hydroxidein a
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pharmaceutically acceptable form, in particular for use as adjuvants, are also collectively
referred to as “aluminum hydroxide”. In some embodiments, aluminum salt adjuvants of
the present disclosure have been found to increase adsorption of the antigens of the Zika
virus vaccines of the present disclosure. Accordingly, in some embodiments, at least about
75%, at least about 80%, at least about 85%, at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, at least about 99%, or about 100% of the antigen is

adsorbed to the aluminum salt adjuvant.

00141} Certain embodiments of the present disclosure include a method for
preparing an adjuvanted Zika virus vaccine, which involves (a) mixing the vaccine with an
aluminum salt adjuvant, with the vaccine including one or more antigens from at least one
Zika virus described herein and (b) incubating the mixture under suitable conditions for a
period of time that ranges from about 1 hour to about 24 hours {e.g., about 16 hours to
about 24 hours), with at least about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or about 100% of the antigen adsorbed to the aluminum salt adjuvant. In certain
embodiments of the method, the at least one Zika virus is a Zika virus comprising a non-
human cell adaptation mutation {e.g., a non-human cell adaptation mutation in protein NS1
such as a Trp98Gly mutation). In some embodiments, the at least one Zika virusisa
purified inactivated whole Zika virus comprising a Trp98Gly mutation at position 98 of
SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ ID NO: 1, wherein the
Zika virus is derived from strain PRVABCS59. In some embodiments, the Zika virus is a
purified inactivated whole Zika virus comprising a Trp98Gly mutation at position 98 of
SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ 1D NO: 1, wherein the
Zika virus is derived from strain PRVABCS9 comprising the genomic sequence according

to SEQ ID NG: 2.

100142} Without wishing to be bound by any theory, absorbing the Zika virus antigen
{inactivated whole Zika virus) to an aluminum salt (such as e.g. aluminum hydroxide/alum)

may enhance the stability of the Zika virus antigen.

[00143] In certain preferred embodiments, the adjuvant is aluminum hydroxide.
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[00144] In certain embodiments, the present invention relates to a liquid vaccine
comprising 100ug/ml to 800ug/ml aluminum hydroxide, or 200ug/ml to 600ug/ml
aluminum hydroxide, or 300pg/m! to 500pg/ml aluminum hydroxide, or about 400ug/ml

aluruinum hydroxide based on elemental aluminum.

[00145] In certain such embodiments, the present invention relates to a liquid
vaccine, wherein the liquid vaccine comprises from about 8.5 mM to about 50 mM Tris and
from about 50 mM to about 150 mM NaCl, and from about 300pug/ml to about 500ug/ml
aluminum hydroxide based on elemental aluminum and wherein the pH of the liquid

vaccine 1s from about pH 7.0 to about pH 8.0, when measured at room temperature.

ose

{00146} In certain embodiments, the present invention is directed to a unit does of the

fiquid vaccine according to the present invention.

{00147} In certain such embodiments, the unit does of the liquid vaccine comprises a
dose of from about 1 ugto about 15 ug of the inactivated whole Zika virus. In certain such
embodiments, the unit dose of vaccine comprises a dose of about 2ug of inactivated whole
Zika virus. In certain such embodiments, the unit dose of vaccing comprises a dose of about
Sug of inactivated whole Zika virus. In certain such embodiments, the unit dose of vaccine

comprises a dose of about 10ug of inactivated whole Zika virus.

{00148} In certain embodiments, the unit dose of vaccine is provided as about 0.4 mL

to about 0.8 mL of a pharmaceutically acceptable liquid.

00149} In certain such embodiments, the unit does of the liquid vaccine comprises
from about 100 pg to about 300 ug of aluminum hydroxide, such as about 200 g of
aluminum hydroxide, based on elemental aluminum. As is well-known to the skilled
person, the phrase “based on elemental aluminum” refers to the way the aluminum content
of a vaccine formulation is specified. The varying amount of water and the complex
stoichiometry of (hydrated) aluminum hydroxide, aluminum oxide hydroxide and related
aluminum compounds necessitate a standardized way to indicate the aluminum content of a
composition. Towards this, typically the amount of aluminum ions, expressed as “elemental
aluminum?”, is given. Accordingly, for example a composition said to contain “100 ug/ml

aluminum hydroxide based on elemental aluminum” (or, as often found in short form, a
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composition said to contain “100 pg/ml aluminum hydroxide”) contains 100 pg/ml

aluminum ions.

Method of Treatment

{00150} In certain embodiments, the present invention relates to a method of treating
or preventing in particular preventing Zika virus infection in a human subject in need
thereof, comprising administering to the subject a unit dose of the vaccine in accordance

with the present invention.

100151} In certain embodiments, the present invention relates to a method of treating
or preventing in particular preventing Zika virus infection in a human subject population in
need thereof, comprising administering to individual human subjects of said human subject

population a unit dose of the vaccine in accordance with the present invention.

{60152} In certain embodiments, the present invention relates a unit dose of the
vaccine in accordance with the present invention, for use in treating or preventing, in

particular preventing Zika virus infection in a human subject in need thereof.

100153] In certain embodiments, the present invention relates to the use of a unit
dose of the vaccine in accordance with the present invention in the manufacture of a

medicament for preventing Zika virus infection in a human subject in need thereof

[00154] In some embodiments, the present disclosure relates to methods for inducing
an immune response to Zika virus in a subject in need thereof by administering to the

subject a therapeutically effective amount of the vaccine according to the present invention.
In some embodiments, the administering step induces a protective immune response against

Zika virus in a subject.

[00155] In certain such embodiments, the subject is a female subject. In some

embodiments, the subject 1s pregnant or intends to become pregnant.

[00156] The methods of the present disclosure include administration of
therapeutically effective amount or an immunogenic amount of the Zika virus vaccines of
the present disclosure. A therapeutically effective amount or an immunogenic amount may
be an amount of the vaccines of the present disclosure that will induce a protective

imrounological response in the uninfected, infected or unexposed subject to which it is
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administered. Such a response will generally result in the development in the subject of a
secretory, cellular and/or antibody-mediated immune response to the vaceine. Usually, such
a response includes, but is not limited to one or more of the following effects; the
production of antibodies from any of the irnmunological classes, such as immunoglobuling
A, D, E, G or M; the proliferation of B and T lymphocytes; the provision of activation,
growth and differentiation signals to imrunological cells; expansion of helper T cell,

suppressor T cell, and/or cytotoxic T cell.

{00157} Preferably, the therapeutically effective amount or immunogenic amount is
sufficient to bring about {reatment or prevention of disease symptoms. The exact amount
necessary will vary depending on the subject being treated; the age and general condition of
the subject to be treated; the capacity of the subject's immune system to synthesize
antibodies; the degree of protection desired,; the severity of the condition being treated; the
particular Zika virus antigen selected and its mode of administration, among other factors.
An appropriate therapeutically effective amount or immunogenic amount can be readily
determined by one of skill in the art. A therapeutically effective amount or immunogenic

amount will fall in a relatively broad range that can be determined through routine trials.

[00158] Typically, the vaccines of the present disclosure are prepared as injectables

either as liquid solutions or suspensions.

[00159] Vaccines may be conventionally adrinistered parenterally, by injection, for
example, either subcutaneously, transcutaneously, intradermally, subdermally or
intramuscularly. Additional formulations which are suitable for other modes of
administration include suppositories and, in some cases, oral, peroral, intranasal, buccal,
sublingual, intraperitoneal, intravaginal, anal and intracranial formulations. For
suppositories, traditional binders and carriers may include, for example, polyalkalene
glveols or triglycerides; such suppositories may be formed from mixtures containing the
active ingredient in the range of 0.5% to 10%, or even 1-2%.In certain embodiments, a low
melting wax, such as a mixture of fatty acid glycerides or cocoa butter is first melted and
the Zika virus vaccine described herein is dispersed homogeneously, for example, by
stirring. The molten homogeneous mixture is then poured into conveniently sized molds

and allowed to cool and to solidify.
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{00160} The vaccines of the present disclosure may be administered in a manner
compatible with the dosage formulation, and in such amounts as will be therapeutically
effective and immunogenic. The quantity to be administered depends on the subject to be

ireated, including, e.g, the capacity of the individual's immune system to mount an immune

h

response, and the degree of protection desired. Suitable dosage ranges may include, for

example, from about 0.1 pg to about 100 pg of the purified inactivated whole Zika virus

[00161] Suitable regimens for initial administration and booster shots are also
variable but are typified by an initial administration followed by subsequent inoculations or

other administrations.

10 Method of Manufacture of the Vaccine

{00162} In certain embodiments, the present invention also relates to a method of
preparing a liquid vaccine, the method comprising the following steps:
Step 1. providing an inactivated virus composition in accordance with the present
invention,
15 Step 2. adding an adjuvant preferably an aluminum salt and optionally a further

pharmaceutically acceptable buffered liquid to the inactivated virus composition.

{00163} In certain such embodiments, in step 2 the further pharmaceutically
acceptable buffered liquid comprises the same buffer as the buffer with the highest

concentration in the inactivated virus composition.

20 [00164] In certain embodiments, the present invention relates to a product obtainable

by the methods described above.

EXAMPLES

[00165] The following Examples are included to demonstrate certain aspects and
embodinments of the invention as described in the claims. It should be appreciated by those
25 of skill in the art, however, that the following description is illustrative only and should not

be taken in any way as a restriction of the invention.

EXAMPLE 1: CLONAL ZIKA VIRUS STRAIN GENERATION

{00166} This example describes the production of Zika virus (ZIKAV) strains with a

known research history.
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Materials and Methods

Vero Cell Maintenance

{00167} One vial of WHO Vero 10-87 cells was rapidly thawed in a water bath and
directly inoculated into 19mL of pre-warmed DMEM (Dulbecco’s modified minimal
essential medium) containing penicillin-streptomycin, L-glutamine 40mM, and 10% FBS in
a T-75 cm? flask at 36°C+/2°C, at 5% COa. Cells were allowed to grow to confluency and
subcultured using TryplE. This flask was expanded to two T-185 cm? flasks, grown to
confluency and subcultured to 31 xT-185 cm” flasks and grown until the cells reached
100% confluency. Cells were harvested by trypsinization, centrifuged at 800 x g for 10
minutes, and resuspended in DMEM containing 10% FBS and 10% DMSO at a
concentration of 1.9x107 celis/ml. One vial of the Vero cells was rapidly thawed and
resuscitated as described above into a T-75 cm? flask. These were subcultured twice to
produce a cell bank in 13 x T-185 cm? flasks. After trypsinization, the cells were
centrifuged at 800 x g and resuspended in freezing media (DMEM containing 10% FBS,
and 10% DMSO) at a concentration of 4.68x10° cells/mL. This cell bank was aliquoted into

cryovials.

{00168} The Vero cells were grown and maintained in DMEM containing penicillin-
streptoraycin, L-glutamine and 10% FBS (¢DMEM-10%-FBS). TryplExpress was used to
maintain and trypsinize cells. Two days before viral adsorption, 6-well plates were seeded
with 4-5 x 10° cells/well in 3 mL of ¢cDMEM-10%-FBS or 7 x 10° cells in T-25 ¢cm? flasks
in 5 mL ¢cDMEM-10%-FBS, or 1 x 10* cells/well in 96-well plates in 0. ImL cDMEM-
10%-FBS. Incubators were monitored daily to maintain indicated temperatures. The Vero

cell lines were stored in hiquid nitrogen.

[00169] Viral titers were determined by plaque titration in freshly confluent
monolayers of Vero cells grown in 6-well plates. Frozen aliquots were thawed and ten-fold
ditution series of the aliquots were made in ¢cDMEM-0%-FBS in 96-well plates. The diluted
viruses were maintained on ice prior to inoculation of the Vero cell monolayers. At the time
of assay, the growth medium was aspirated from the 6-well plate, and 100 ul. of each virus
dilution was added to the wells. Virus was adsorbed for 60 min at 36°C+2°C, at 5% CO»,
with frequent (every 10 min} rocking of the plates to prevent drying of the cell sheets.

Following viral adsorption, 4 mL of a first agarose overlay (1X cDMEM-2%-FBS + 0.8%
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agarose) maintained at 40-41°C was added to each well. The agarose was allowed to
solidity for 30 min at room temperature, and the plates were then incubated upside down
for 4-6 days at 36°C+/2°C, at 5% CO:. Two mL of a second agarose overlay containing 160
pg/mi of neutral red vital dye was added on day 4. Plaques were visualized on days S and

6.

Virus Quantification by TCIDSO Agssay

00170} Viral titers were also determined by titration in freshly confluent monolayers
of Vero cells grown in 96-well plates. Frozen aliquots were thawed and ten-fold dilution
series of the aliquots were made in cDMEM-2%-FBS diluent in 96-well plates. The diluted
viruses were maintained on ice prior to inoculation of the Vero cell monolayers. At the time
of assay, the growth medium was aspirated from the 96-well plate, and 100 puL of each
virus dilution was added to the wells. The plates were incubated for 5 days at 36°C+/2°C, at
5% COy. The 50% Tissue Culture Infective Dose (TCID30) titer was calculated using the

Reed/Muench calculator.

Test Articles
{00171} Zika viras strain PRVABCS9 (one 0.5 mL vial on dry ice) was received
from the Centers for Disease Control and Prevention {CDC) Zika virus identification was
confirmed through RT-PCR. The strain tested negative for Alphavirus and mycoplasma

contamination by PCR. This information is surnmarized in Table 1.
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Table 1: PRVABCS? strain information

Patient
Esolation
Strain , infor- Prep info Analyses PFU
Information
mation

= Sequencing
by ion
torrent:
gene
accession
#KUS01215
= PEU by
Human plagque
Passage: )
o serum; N o assay 6.7 log
PRVABCS59 None | Vero(2)yC6/36(1) ) 4
) travel to ) = Identity by | pfu/mL
{(Asian) ] provided | Prep: 29Jan2016 )
Puerto Rico RT-PCR
) Host: C6/36 -
in 2015 = (-} For
alphaviruses
by PCR
= (-} for
mycoplasma
by ATCC
and ABM

PCR

{06172} A QlAarpViral RNA Mint Spin kit was used to extract RNA from
stabilized virus harvests of each isolate according to manufacturer protocols. Extracted
RNA from each isolate was used to create and amplify 6 ¢DNA fragrients encompassing
the entire Zika viral genome. Amplified cDNA fragments were analyzed for size and pusity
on a 1% Agarose/TBE gel and subsequently gel purified using a Qiagen Quick Gel

BExtraction Kit. An ABI 3130XL Genetic Analyzer sequencer was used to conduct
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automatic sequencing reactions. Lasergene SeqMan software was used to analyze

sequencing data.

[80173] A ZIKAYV strain with a known research history that was relevant to the
current ZIK AV outbreak in the Americas was sought. For this reason, ZIK AV strain
PRVABCS9 was chosen. To generate a weli-characterized virus adapted for growth in Vero

cells, the ZIKAV PRVABCS9 was first amplified in Vero cells (P1).

[00174] Flasks of Vero cells (T-175cm?), 100% confluent, were infected at an MO
of 0.01 in 4mL of cDMEM-0%-FBS. Virus was adsorbed to the monolayer for 60 minutes
at 36°C+2°C, at 5% COy, then 20 mL of cDMEM-0%-FBS was applied for viral
amplification at 36°C+2°C, at 5% CO;. The cell layer was monitored daily for cytopathic
effect (CPE) following inoculation (FIG. 1). The supernatant was harvested after 96 hours
by collecting the media and clarifying by centrifugation (600 x g, 4°C, 10 min}. The harvest
was stabilized by adding trehalose to a final concentration of 18% w/v . The bulk was

aliquoted into 0.5mL cryovials and stored at -80 °C.

{00175] The stabilized P1 harvest was analyzed for the presence of infectious virus
on Vero cell monolayers by a TCIDS0 assay. Growth kinetics were monitored by taking

daily aliquots beginning on hour 0. Peak titer was reached by hour 72 (FIG. 2).

[068176] P1 material was plaque-purified by titrating the harvest from day 3 on 6-well
monolayers of Vero cells. Plaques were visualized on day 6, and 10 plagues to be isolated
were identified by drawing a circle around a distinct and separate plague on the bottom of
the plastic plate. Plaques were picked by extracting the plug of agarose using a sterile wide
bore pipette while scraping the bottom of the well and rinsing with cDMEM-10%-FBS. The
agarose plug was added to 0.5 mL of cDMEM-10%-FBS, vortexed, labeled as PRVABCS9

P2a- and placed in an incubator overnight at 36°C+2°C, at 5% COa.

{60177} Three plaques (PRVABCS9 P2a-c) were carried forward for additional
purification. Each isolate was plated neat in duplicate onto a fresh 6-well monolayer of

Vero cells. This P2/P3 transition was plague purified, and labeled PRVABCS59 P3a+.
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[00178] Six plaques (PRVABCS59 P3a-f) were carried forward for a final round of
purification. Each isolate was plated neat in duplicate onto a fresh 6-well monolayer of

Vero cells. This P3/P4 transition was plagque purified, and labeled PRVABCS9 P4a-.

j[08179] Six plaques (PRYABCS9 P4a-f) from the P4 plaque purification were blind
passaged on monolayers of Vero cells in T-25 cm? flasks. Each plaque pick was diluted in 2
mL ¢cDMEM-0%-FBS — 1 mL was adsorbed for 1 hour at 36°C£2°C, at 3% COy; the other

I mL was stabilized with trehalose (18% v/v final) and stored at <-60°C. Following virus
adsorption, cDMEM-0%-FBS was added to each flask and allowed to grow at 36°C+2°C, at
5% COg for 4 days. Virus supernatants were harvested, clarified by centrifugation (600 x g,
4C, 10 min), stabilized in 18% trehalose and aliquoted and stored at <-60°C. This P5 seed

was tested by TCIDS50 for Zika virus potency (FIG. 3).

[60180] Confluent monolayers of T-175 cm? flasks of Vero cells were infected with
each of the six clones of PRVABCS9 (P5a-f) at an MO of 0.01 in 4mL ¢cDMEM-0%-FBS.
The virus was allowed to adsorb for 60 minutes at 36°C+/2°C, at 5% COn, after which 20
mL of cDMEM-0%-FBS was added to each flask and allowed to grow at 36°C+/2°C, at 5%
€Oy, Vero cell monolayer health and CPE was monitored daily. Virus was harvested on
days 3 and 5 as indicated (FIG. 4). The P6 strain harvests trom days 3 and 5 were pooled,

stabilized with 18%% trehalose, aliquoted and stored <-60°C.

00181} Each of the six clones of PRVABCS59 (P6a-t) were tested for Zika virus in
vitre potency (FIG. 5). The potency was determined by two different methods, TCID50
and plaque titration. The TCIDSO was calculated by visual inspection of CPE {microscope)
and by measuring the difference in absorbance (AS560-A420) of the wells displaying CPE
{yellow in color) compared with red (no CPE). The plates were read on a plate reader, and
applied to the same calculator as the microscopically read-plates (absorbance). The values
in TCIDS0 between the two scoring techniques are quite similar, while the values obtained

by plague titration are lower.

00182} A summary of the generation of the P6 virus and characterization is shown

in Table 2 below.
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Table 2: Summary of virus passage and characterization for the generation of clonal

ZIKAY strains

Passage Seed production/purification Characterization

P1 Virus amplification in Vero TCIDSO titer

Amplify P1 by plaque titration; , Plaque ) )
P2 ) ) plague purification
purification of P1

Pick and passage plaques from P2 o
P3 o . plaque purification
plague assay; plague punification of P2

Pick and passage plaques from P3 o
P4 o R plague purification
plaque assay; plaque purification of P3

P5 Amplify P4 plagues {(a-f) in Vero cells TCIDSO0 titer
TCIDS0 titer, plague
) o phenotype, genotype,
P6 Amplify P5 (a-f) virus in Vero cells ‘ v )
full genome sequencing,
growth kinetics
{00183} Anisolated Zika virus clone that closely resembled the envelope

glycoprotein sequence of the original isclate was sought, since the envelope protein of
flaviviruses 1s the dominant immunogenic portion of the virus. PRVABCS9 clones Poa,
P6e, Pod and POf contained a G—T mutation at nucleotide 990 in the envelope region
{(G990T), resulting in an amino acid mutation of Val-—Leu at envelope residue 330,
whereas the envelope gene of PRVABCS9 clones P6b and P6e were identical relative to the

reference strain (GenBank ref KU501215.1) (Table 3 and FIG. 6).
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Table 3: Sequencing of PRVABCSY P6 clones
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Envelope sequencing (reference gene from PRVABUCSY; accession #KUSB1215)

Strain Nucleotide | Amino Acid | Mutation Comments
PRVARBCS9 Env-990: Env-330; Mutation in 3 of 4
Val/Leu
Poa G—T Val330—Leu reads.
PRVABC39 Env-1404: ’ _ Wild type relative to
o ) Wild type Wild type
Pob T—G silent reference.
PRVABCS59 Env-990: Env-330: Mutation in 3 of 4
Val/len
Poc G—-T Val330—Leu reads.
PRVABCS9 Env-990: Env-330: Mutation in 2 of 2
Val/Len
Pod G—-T Val330—Leu reads.
PRVABCSS ] ] ) Wild type relative to
Wild type Wild type Wild type
Poe reference.
Mutation in 2 of 2
PRVABCS9 Env-990: Env-330: reads. 190 bp not
i N Val/Leu ,
pPot G—1 Val330—Leu sequenced (aa 421 ~
484).
Full genome sequencing (veference gene from PRVABCS%;accession
#KUS01215)
Strain Mucleotide | Amino Acid | Mutation Comments
Env-1404 ) ) Mutation in 2 of 2
] Wild-type Silent
PRVABCS9 T—G reads
Pob N§1-292 N81-98 ) Mutation in 2 of 2
] ] Trp/Gly
T—G Trp98—Gly reads
PRVABCS9 NS1-292 NS1-98 Mutation in 2 of 2
Trp/Gly
Pée TG Trp98-—Gly reads
[60134] The two clones lacking mutations in the Zika envelope sequence were then

subjected to full genome sequencing. Sequencing results are summarized in Table 3 above.
Sequence analysis revealed a T—G substitution at nucleotide 292 in the NS1 region for
both clones, resulting in a Trp—Gly mutation at NS1 residue 98. This mutation was also
later confirmed through deep sequencing. The NS1 W98G mutation is located in the

intertwined loop of the wing domain of ZIKAV NS1, which has been implicated in
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membrane association, interaction with envelope protein and potentially hexameric NS
formation. While other tryptophan residues {(W115, W118), are highly conserved across
flaviviruses, W98 is not (FIG. 7). Interestingly, however, 100% conservation of the W98
residue is observed across 11 different ZIKAYV strains, including those from the African and

Asian lineages. The identified mutations in each strain are summarized in Table 4.

Table 4: Summary of mutations identified in PRVABCSY P68 clones

Mutations identified in envelope

Clone Nuclestide | Amino Acid
Poa G990T V330L
P6b T1404G {silent)
Péc G990T /330L
P6d G990T V330L
Poe none none
bof G990T Y330L

Additional mutations identified in genome

Clone Nuclestide Amino Acid
P6b NS1-T292G NS1-WOosG
Poe NS1-T292G NS1-WI8G

Ref sequence: KU301215.1 (PRVABCS9)

100185]
characterize the ZIKAV clones. As illustrated in FIG. 8 and quantified in FIG. 9, each

Phenotypic analysis of the ZIKAV PRVABCS9 P6 stocks was conducted to

clonal isolate consisted of a relatively homogeneous population of large-sized plaques as
compared to the P1 virus, which had a mixed population of large and small plaques. These

data suggest the successful isolation of single ZIKAV clones.

[00186]

clones were analyzed. Vero cells were infected with 0.01 TCIDS0/cell of each ZIKAV P6

Next, growth kinetics analyses in Vero cells of the ZIKAY PRVABCS9 P6

clones in serum free growth medium. Viral supernatant samples were taken daily and
simultaneously assayed for infectious titer by TCID50 assay. For all P6 clones, peak titer
occurred between day 3 and 4 (~9.0 logio TCIDS0/mL). There was vo significant difference

in growth kinetics of the various P6 clones (FIG. 18).
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{00187} Taken together, the results indicate that a Zika virus seed was successfully
generated. This seed selection required understanding of growth history, kinetics, yield,
genotype, and phenotype of the virus. Importantly, clonal isolation of the Zika virus strains
allowed for the successful purification of the virus away from contaminating agenis (e.g.,
adventitious agents that may be inn the parental human isolate}. Interestingly, three
sequential plaque purifications succeeded in quickly selecting Vero-cell adapted virus
{strains Poa-f), where these strains were able to replicate well in serum-free Vero cell
cultures, with strain Poa, ¢, d, and f harboring a mutation in the viral envelope protein,
while strains p6b and poe obtained a mutation in the viral NSI protein {with no
modification to the viral envelope). Additionally, the Vero-adapted strains enabled efficient
and reproducible growth and manufacture of subsequent viral passages propagated from
these strains. Without wishing to be bound by theory, the Env-Y330L mutation observed in
strains Poa, ¢, d, and { may potentially be a result of in vitro adaptation, as a mutation at
Env 330 was also observed upon passaging in Vero cells (Weger-Lucareili et al. 2017,
Journal of Virology). Because the envelope protein is the dominant immunogenic epitope
of Zika virus, strains containing a Vero adaptive mutation in Env may negatively impact
vaccine immunogenicity. Without wishing to be bound by theory, the adaptation mutation
in protein NS1 appears not only to enhance viral replication, but may also reduce or
otherwise inhibit the occurrence of undesirable mutations, such as in the envelope protein E
(Euv) of the Zika virus. In addition, NS1 may be known to bind to the Envelope protein
during the life cycle of the virus. This mutation (NS1 W98} may be implicated in
changing the ability of the N81 to associate, and possibly co-purify, with the virus during
downstream processing. N51 is also known to be immunogenic, and could be implicated in

the immune response to the vaccine.

EXAMPLE 2: COMPLETENESS OF INACTIVATION ASSAY TO
DETERMINE EFFECTIVENESS OF INACTIVATION

{00188} A double-infectivity assay also called completeness of inactivation (CCI)
assay was developed to determine the effectiveness of formaldehyde-inactivation (0.01%
formaldehyde) and potential residual infectious viral activity of purified inactivated zika

virus (PIZV) bulk drug substance (BDS).
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[00189] Sample preparation: Four Purified Inactivated Zika Vaccine (PIZV) lots
{Tox lots 1-4) of clone e as described above were manufactured by growth in Vero cells,
Supernatants from 4 daily harvests (totaling about 4000 mL) were purified by
chromatography followed by addition of formaldehyde to a final concentration of 0.01%.
w/v . Inactivation was allowed to proceed for 10 days at 22°C. In Process Control (IPC)
samples were removed on a daily basis from the bulk drug substance (BDS) during
inactivation for characterization and analytics. The daily IPC samples were neutralized with
sodium metabisulfite and dialysed into DMEM (viral growth media). The samples contain
the purified inactivated Zika virus. On the final day of inactivation, the remaining volume
of BDS samples was not neutralized, but was processed with TFF to remove formaldehyde

aud buffer exchanged into PBS.

[00196] Completeness of inactivation assay (COI): The COT assay was used for
analysis of the effectiveness of inactivation in the daily IPC samples to understand the
kinetics of inactivation, and the final BDS. For maximum sensitivity, two cell lines, Vero
and C6/36, were initially utilized in this assay to detect potential live virus in the IPC and
DS samples. When Zika virus infects Vero cells in the presence of growth medium
containing phenol red, the by-products of cell death cause a drop in pH. Consequently, the
media color changes from red/pink to yellow, indicative of this acidic shift in the media pH.
This phenomenon s caused by the apoptosis and cytopathic effects (CPE), which refers to
the observed changes in the cell structure of host cells that are caused by viral invasion,
infection, and budding from the cells during viral replication. Ultimately, while both C6/36
mosquito and Vero cells are a permissive cell line for infection, Zika virus infection kills
only Vero cells in vitro. Therefore, Vero cells were used as the indicator cell line for the
assay. In contrast, C6/36 cells, which are derived from a natural host vector for Zika virus
do not exhibit a CPE upon Zika infection and do not lyse. The media does not change color

and the viability of the C6/36 cells is not altered.

{00191} The assay is thus split in two parts: The first part of the assay allows for
paralle! amplification of potentially live viral particles on 96-well plates of the two
susceptible cell lines for six days. The second step of the assay involves the transfer of the
supernatant of the 96-well plates (including potentially amplified particles) onto 6~well

plates confaining monolayers of Vero cells, and incubation for another § days to allow for
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viral infection and a cytopathic effect to develop on the Vero cells. Any CPE observed was

confirmed using a light microscope.

{00192} Although described in detail with respect to the use of 96 well plates in the
first part of the assay, iL.e. the culture in C6/36 cells, and six well plates in the second part of
the assay, 1.e. the culture of Vero cells to observe a cytophatic effect, the assay can be easily

scaled up as shown in Table 5 below.
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{00193} It is apparent that during the scale up the volume of sample per cm? of vessel

remains constant for part 1 and the same viral infection conditions are kept in part 2.

{00194} CO¥ assay control: The titer and back titration controls for this assay were
performed using Vero indicator cells and scored in a TCID30 96-well format with wells
scored positive based on the media color change from pink to yvellow, as a surrogate for cell

death, or the presence of CPE.

[60195] Virus titer contrel test: Two independent replicates of the control virus
{(PRVABCS9) of known titer were subjected to a 10-foid dilution series in media containing
2% FBS, and 100 pL of each dilution was added to four wells of a 96-well plate containing
Vero cells. Plates were incubated for 5 days, then wells containing CPE were recorded and

virus titer was calculated using the Reed-Meunch calculator,

[60196] Virus back titration control test: The control virus of known titer was
serially diluted to 200 TCI3S50. Two independent replicates of the 200 TCID30 control
virus were subjected to a 2-fold dilution series in media containing 2% FBS, and 100 gL of
each dilution was added to four wells of a 96-well plate containing Verc cells. Cells were
incubated for S days, then wells containing CPE were recorded and virus titer was

calculated using the Reed-Meunch calculator.

160197] Betailed CO1 protocol:
1 First part of the assay: Vero (1 4E+05 cells/ml) and Aedes aegypti mosquito

C6/36 (4E+05 cells/mL) cells were seeded in 96-well plates two days prior to
addition of the samples. The Vero cells were cultured in DMEM + 10% final
FBS + 2% L-glutamine + 1% penicillin/streptomyein at 37°C. C6/36 cells
were cultured in DMEM + 10% FBS + 2% L-glutamine + 1%

Penicillin/streptomycin + 1% nonessential amino acids at 28°C.

2. Three independent replicates of the 200 TCIDSO control virus (prepared in the
virus back titration control test) or the DS samples were diluted (5-fold and
10-fold dilutions) into media containing 2% FBS.

3. The cells in 96-well plates were inoculated with the samples. Prior to the

infection of the cell monolayers in the 96-well plates, the sample was vortexed
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to disrupt any possible aggregation. 100 uL of each dilution was applied to
each of 5 wells into two separate 96-well plates containing Vero and C6/36

cells, respectively.

Media alone was included in another well for each cell type as a negative CPE

control.

Plates were incubated for 6 days at the appropriate temperature for the cell

line.

Second past of the assay: To allow live virus to be further amplified and
visualized by CPE on a permissive cell line, the entire volume of each 96-well
supernatant from both Vero and C6/36 cells was transferred to individual
wells of 6-well plates of Vero cells. Inoculation proceeded for 90 minutes with

rocking at 15 minutes intervals.

Medium containing 2% FBS was added to the wells and plates were incubated
for an additional & days for subsequent detection of the amplified samples as a
function of CPE. The inactivation was considered to be incomplete if any of

the replicates of the DS showed CPE at the end of day 8.

The presence of live/replicating virions was visualized by the formation of
plagues or CPE on susceptible cell monolayers after transfer to the 6-well
plate, and incubation for 8 days to allow for viral replication. The % CPE

scoring in the 6-well plates at the end of the assay was calculated as follows:

Each 6-well plate of Vero cells was examined for CPE by
visualization of colorimetric change, followed by confirmation of

CPE by inspection under an inverted light microscope.

Each 6-well plate represented one of the replicates of the DS
dilutions prepared in the 5 and 10-fold dilutions described above

(5 wells, plus one well containing media alone).

Therefore, % CPE for cach replicate reflected the number of

wells with CPE out of § total wells per sample {120 total wells
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are used per assay). Mean % CPE and standard deviation were

calculated based on three replicates of each dilution.

Results: The daily samples were analyzed in each of the Tox lots #1-4 as shown Tables 6

to 9 below.

Table 6: Kinetics of Inactivation, Tox lot #1

Mean
Sample Transfer %CPE | STDV
1:10 Day-1 Vero-to-Vero 100 0
110 Day O Vero-to-Vero 100 0
110 Day 1 Vero-to-Vero 0 0
1:10 Day 2 Vero-to-Vero 0 0
110 Day 3 Vero-to-Vero 0 0
1:10 Day 4 Vero-to-Vero 0 0
1:10 Day 7 Vero-to-Vero 0 0
1:10 Day 8 Vero-to-Vero 0 0
1:10 Day 9 Vero-to-Vero 0 0
1:10 Day 10 Vero-to-Vero 0 0
100TCIDSO/mL | Vero-to-Yero 100 0
1:10 Day-1 Co/36-t0-Vero | 100 0
1:10 Day O Co6/36-to-Vero | 100 0
1:10 Day 1 C6/36-t0-Vero 6.7 12
1:10Day 2 C6/36-to-Vero | 133 12
1:10 Day 3 Co/36-to-Vero 0 0
1:10 Day 4 C6/36-to-Yero 0 0
1:10 Day 7 Co6/36-to-Vero 0 0
1:10 Dray & C6/36-to-Vero 0 0
1:10 Day 9 C6/36-to-Vero 0 0
110 Day 10 Co/36-t0-Vero 0 0
00TCIDSO/mL | Co/36-to-Vero | 100 0
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Table 7: Kinetics of Inactivation, Tox lot #2

Mean
Sample Transfer %CPE | STDV
1:10 Day-1 Vero-to-Vero 100 0
1:10 Day O Vero-to-Vero 100 0
1:10 Day | Vero-io-Vero 100 ¢
1:10 Day 2 Vero-to-Vero 0 0
1:10 Day 3 Vero-to-Vero 0 0
1:10 Day 4 Vero-to-Yero 0 0
1:10 Day 7 Vero-to-Vero 0 0
1:10 Day 8 Vero-to-Vero 0 0
1:10 Day 9 Vero-to-Vero 0 0
1:10 Day 10 Vero-to-Vero 0 0
100TCIDS0/mL | Vero-to-Vero 100 0
1:10 Day-1 C6/36-to-Vero | 100 0
1:10 Day O Co/36-to-Vero | 100 0
1:10 Day 1 Co6/36-t0-Vero | 100 12
1:10 Day 2 C6/36-to-Vero | 133 12
1:10 Day 3 C6/36-to-Vero 0 0
1:10 Day 4 C6/36-to-Vero 0 0
1:10 Day 7 C6/36-10-Vero 0 0
1:10 BDay 8 C6/36-to-Vero 0 0
1:10 Bay 9 C6/36-t0-Vero 0 0
1:10 Day 10 C6/36-t0-Vero 0 0
100TCIDS0/mL | C6/36-t0-Vero | 100 0

PCT/US2020/027154
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Table §: Kinetics of Inactivation, Tox lot #3

Mean
Sample Transfer %CPE | STDV
1:10 Day-1 Vero-to-Vero 100 0
1:10 Day O Vero-to-Vero 100 0
1:10 Day | Vero-to-Vero 27 12
1:10 Day 2 Vero-to-Vero 0 0
1:10 Day 3 Vero-to-Vero 0 0
1:10 Day 4 Vero-to-Yero 0 0
1:10 Day 7 Vero-to-Vero 0 0
1:10 Day 8 Vero-to-Vero 0 0
1:10 Day 9 Vero-to-Vero 0 0
1:10 Day 10 Vero-to-Vero 0 0
100TCIDS0/mL | Vero-to-Vero 100 0
1:10 Day-1 C6/36-to-Vero | 100 0
1:10 Day O Co/36-to-Vero | 100 0
1:10 Day 1 Co6/36-10-Vero 87 12
1:10 Day 2 C6/36-to-Vero 27 12
1:10 Day 3 C6/36-to-Vero 0 0
1:10 Day 4 C6/36-to-Vero 0 0
1:10 Day 7 C6/36-10-Vero 0 0
1:10 BDay 8 C6/36-to-Vero 0 0
1:10 Bay 9 C6/36-t0-Vero 0 0
1:10 Day 10 C6/36-t0-Vero 0 0
100TCIDS0/mL | C6/36-t0-Vero | 100 0

PCT/US2020/027154
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Table 9: Kinetics of Inactivation, Tox lot #4

Mean
Sample Transfer %CPE | STDV
1:10 Day-1 Vero-to-Vero 100 0
1:10 Day O Vero-to-Vero 93 12
1:10 Day | Vero-to-Vero ¢
1:10 Day 2 Vero-to-Vero 0 0
1:10 Day 3 Vero-to-Vero 0 0
1:10 Day 4 Vero-to-Yero 0 0
1:10 Day 7 Vero-to-Vero 0 0
1:10 Day 8 Yero-to-Vero 0 0
1:10 Day 9 Vero-to-Vero 0 0
1:10 Day 10 Vero-to-Vero 0 0
100TCIDS0/mL | Vero-to-Vero 100 0
1:10 Day-1 C6/36-to-Vero | 100 0
1:10 Day O Co/36-to-Vero | 100 0
1:10 Day 1 Co6/36-10-Vero 33 23
1:10 Day 2 C6/36-to-Vero 7 12
1:10 Day 3 C6/36-to-Vero 0 0
1:10 Day 4 C6/36-to-Vero 0 0
1:10 Day 7 C6/36-10-Vero 0 0
1:10 BDay 8 C6/36-to-Vero 0 0
1:10 Bay 9 C6/36-t0-Vero 0 0
1:10 Day 10 C6/36-t0-Vero 0 0
100TCIDS0/mL | C6/36-t0-Vero | 100 0

[00198]

PCT/US2020/027154

Compiled kinetics of inactivation data: COI data for samples from the four

toxicology lots were compared to infecticus potency (TCIDS0) determined as described

above and to RNA copy. The RNA copy was determined by purifying nucleic acids from

the sample and amplifying Zika RNA with serotype-specific primess using an RT-PCR kit.

The result shown in FIG. 11 shows that the sensitivity of the COI assay is significantly

greater than that of TCIDS0.
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[00199] Performance characteristics of the COI assay - Accuracy: The target
ditutions (TCIDS0/well) and their respective proportions of CPE were used to determine
relative accuracy. For the Vero cells, there was a statistically significant linear relationship
between the observed and expected proportions of positive CPE. The slope of the line
relating observed and expected results is 0.92 with a 95% confidence interval (CI) of 0.83
to 1.01 that overlaps 1 indicates 100% accuracy. For the C6/36 cells, there is a statistically
significant linear relationship between the observed and expected proportions of positive
CPE. The slope of the line relating observed and expected results is 0.88 with 2 95%
confidence interval (CI) of 0.80 to 0.95 indicate that a slight bias {5-20%) was seen with

this cell line. Both cell lines demonstrate satisfactory accuracy {relative).

j60200] Performance characteristics of the COI assay — Limit of Betection
{L.oD). The sensitivity of the assay was assessed for both the C6/36-to-Vero and Vero-to-
Vero plates. As described above, the data was fitted using least squares regression of the
proportion of +ve CPE observed per total wells plated with titer dilutions plated starting at
10.00 TCID50/well down to a lower titer of 0.08 TCIDS50. Furthermore, negative controls
{0.00 TCIDSO/well) were included for each dilution within the plates. CPE scoring was
performed for each dilution across both the C6/36-to-Vero and Vero-to-Vero plates. A
clear relationship between the CPE and log input virus titer was seen. This displays the
fogistic (sigmotdal} relationship between the proportion of CPE positive wells refative to
the logio concentration of TCID50/well together with a lower and upper 99% confidence
fimit. At a -2 logio concentration (= 0.01 TCID50/well), a model based on and accounting
for all fixed and random sources variation in the qualification data predicted 0.85%, or 0.01
when rounded up at 0.01 TCID50/well, with a lower 99% confidence limit of 0.42%. Since
the lower 99% confidence limit does not include zero, there is a very small guantifiable (<
1%) chance the 0.85% CPE wells could have arisen from 0 TCID50/well (i.e, due to
noise}. This establishes a detection limit for the assay of at least 0.01 TCIDSO/well (i.e., the
fowest amount of live Zika particles in the sample, which can be detected). That is, when
rounded up, 1 in 60 wells will be CPE positive or given these parameters, the fowest
theoretical proportion of the CPE +ve that could be detected in 60 wells would be 1.67%, or

0.0167.

{00261} The cell types (C363 and Vero) were compared for relative sensitivity, with

the C6/36 demonstrating that a lower dilution of virus titer could be detected compared to
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Vero cells as shown in FIG. 12; at the same virus input level (0.31 TCID30), the proportion

of CPE positive wells is higher for C6/36 relative to Vero cells.

{00202} The lowest virus input value used during the qualification of this assay was
0.02 TCIDS0 (-1.61 log TCID50). Using the fitted curve for C6/36 cells, this results in
0.035 or 3.5% of the wells scoring CPE positive {1 in 28 wells). If the curve is
extrapolated towards the lowest practical level of 0.167 or 1.6%, then this equates to a virus
input level of 0.015 TCIDSO (-1.82 log TCID50). However, the impact of transmitted
assay variance needs to be considered when determining the lowest levels of infectious
virus that can be detected as reflected in the +ve CPE results. This noise arises from
generation of the working stock of input virus. Comparison of the target TCID30 and the
back-titration calculation shows the TCIDS0 of the working stock virus exhibited a
standard deviation (SD) of 85 TCIDS0/mL, derived from a mean of 213 when targeting a
stock TCIDSO/mL concentration of 200. The %CV calculates to ~40% with a bias of about
+7%. This noise was factored into the logistic regression model to generate confidence
intervals around the targeted values for the virus dilutions. At a target value of 0.01
TCID50/well, a model based on and accounting for all fixed and random sources of
variation in the qualification data across the two sites predicts 0.86% of wells will be CPE
positive {1 in 60 wells). Since the lower 99% confidence limit does not include zero, there
is a very small quantifiable (< 1%} chance the 0.85% CPE-posttive wells could have arisen
from 0 TCID50/well due to noise (F1G. 13). This establishes a detection limit for the
assay: 0.01 TCIDS0/well is the lowest amount of live Zika particles in the sample which

can be detected.

{00203 Performance characteristies of the COI assay -~ Range: The range of the
assay was 0.01 TCID30/well to 4.5 TCID50/well and is defined as the range of input virus

that resulted in a CPE +ve proportion scoring of more than 0% but less than 100%.

[00284] Conclusion: Analysis of the four Tox lots revealed that inactivation was
complete after incubation in 0.01% formaldehyde for 10 days at room temperature.
Inactivation was achieved by days 3-4 1n all lots produced, as measured by the COI assay.
The CO1 assay is more sensitive than TCH3SO potency or RNA measurements; the

increased sensitivity has also been observed by LoD,
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EXAMPLE 3: FORMULATION OF THE INACTIVATED VIRUS
COMPOSITION

[060265] In example 3 the term “Zika virus vaccine drug substance” is used to refer to
an inactivated virus composition, which is an intermediate in the production of a Zika

vaceine.

Equipment
Table 10: Materials used in Example 3
Materials | Manufacturer/Supplier

Materials for preparation of the drug substance
Buffer salts and additives

Disodium phosphate EMPRove bio 10028-24-7
Dipotassium phosphate Fisher P290-500
Tris(hydroxymethyl)Jaminomethane

base Fisher T395-500

Histidine §.T. Baker N327-05
Sodium Chloride Fisher §271-500

Sucrose Fisher 83-212
Hydrochloric Acid Fisher A1445-500

Sodium Hydroxide Solution Fisher 55255-1

Materials used in aliguoting the samples

Nuova Ompi, Italy, Ez-Fill, Nest & tub, ISO-
3 mL vials 2R vials, no siliconization, ready to use {pre-
sterilized),

Daikyo Seiko, Japan, ftem: S2-F45-2,
ETFE laminated stopper Formulation: 3777-1, ready to use stopper
{pre-stertlized)

Materials used in size exclusion chromategraphy (SEC)

2 mg/mL BSA solution Thermo/Pierce Catalog #23209

S\tenie syringe filters (0.22 pm Millex EMD Millipore

GV)

HPLC vials Agilent #5188-6591 Low-volume (fixed

insert) vials

HPLC vial caps National Scientific Catalog #C4000-54B

Where water is mentioned in the experimental section MilliQ water, with a resistivity of 18

MQ is meant.

[60296] The buffers used and their abbreviations are listed in Table 11
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Table 11: Buffers used in Example 3

Buffer Abbreviation pH
Zika Phosphate Buffer ZPB 74
6.46 mM Disodium phosphate
1.47 miM Dipotassium phosphate
137 mM NaCl

Tris Buffer! Tris 7.6
10 mM Tristhydroxymethyljaminomethane base
20 mM Na(l

Histadine Buffer! His 7.0
20 mM Histadine
20 mM Na(l
Tris buffered saline TBS 7.6
50 mM Tris(hydroxymethyljaminomethane base
150 mM Nall
"Where not otherwise specified Tris + Sucrose and His + Sucrose refers to a 7% w/v sucrose

solution in Tris or Histidine butfer.
Buffers were all titrated to the correct pH with HCI or NaOH, as needed.

Manufacture of the Zika vaccine drug substance

00207} Purified Inactivated Zika Vaccine drug substance was manufactured by
growth in Vero celis as described above. Daily harvests were carried out on days 3 to 9, and
these were pooled prior to purification and inactivation. Supernatants from the daily
harvests were purified by filtration and chromatography, concentrated and inactivated by
addition of formaldehyde to a final concentration of 6.01%. Inactivation was allowed to
proceed for 10 days at 22°C, before the sample was neutralized with sodium metabisulfite
and then buffer exchanged into Zika Phosphate Buffer (6.46 mM disodium phosphate, 1.47

mM dipotassium phosphate, 137 mM NaCl, 6% sucrose, pH 7.4).

Buffer exchange
[00208] Once manufactured, the Zika virus vaccine drug substance was stored at +35

+ 3 °C/ambient humidity for up to 6 months.

{00209} The Zika virus vaccine drug substance was then buffer exchanged into the
appropriate buffers used in each of the examples (as listed in table 11} using tangential flow
filtration (TFF), as described below. Tangential flow filtration was carried out using the
equipment listed in Table 12: The buffer exchange process was carried out at room

temperature ca. 25 °C.
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Table 12: Materials and eguipment for the buffer exchange procedure

Equipment Manufacturer/Supplier
TEF system Spectrum Labs KR2i
Main pump Spectrum Labs 900-1893
Auxiliary pump Spectrum Labs 708-13683-000
Balances {permeate and feed) Spectrum Labs
Automatic back pressure controf |
) Spectrum Labs
valve
KR2i data collection software Spectrum Labs
Main pump Spectrum Labs 900-1893

MicroKros hollow fiber filter

module (mPES/100 kD) Spectram Labs C02-E100-05-N

Process reservoir conical bot . .
TOCESS reservolr conical bottom, Spectrum Labs ACBT-015-CIN

15 mi

Pharmapure tubing pack size 13 | Spectrum Labs ACTU-P13-25N

Pressure transducer Spectrum Labs ACPM-799-01N

Fittings kit Spectrum Labs

{00216 Tangential flow filtration (TFF) was carried out using the following
procedure:

00211} Setup: the KR2i TFF system was set up according to the manufacturer’s

instructions (KR2i / KMPi TFF Systems product information and operating instructions
2016, http://spectrumiabs. com/lit/400-12355-000rev02 . pdf). This involves connecting the
TFF column (MicroKros hollow fiber filter module (mPES/100 kD) Spectrum Labs C02-
£100-05-N) to the TFF system. The column was then washed with 50 to 150 mL of water
and subsequently equilibrated with approximately 100 mL of the appropriate buffer. During
the washing and equilibrium steps, the flow rate was maintained at around 25 mi/min and

the total pressure was not allowed to exceed 18 psi. at any time.

{60212} Concentratien: initially, 5 to 40 mL of sample (Zika virus vaccine drug

substance)} were added to the sample reservoir and was concenirated by a factor of 2.

{60213} Biafiliration: after concentration, diafiliration was performed. Diafiltration
is the act of diluting and filtering a sample of Zika virus vaccine drug substance at the same
time. Dilution adds volume to the sample, whereas filiration decreases the volume of the

sample.

[00214] Diafiltration was carried out by starting the auxiliary pump (for diafiltration)

and using a flow rate sufficient to maintain the sample volume during diafiltration i.e.
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~0.5-1.5 mL per min. The pressure was manually controiled throughout, using a
backpressure control valve. The pressure was maintained between 14-18 psi., the sheer used
was no more than 5000, the flux was between 66-72, the flow rate (main pump) was
between 25-28 ml/min and the auxiliary flow rate (auxiliary pump) was between 0.5 and 1
ml/min. The auxiliary pump controls the rate of dilution. This rate is manually adjusted to
match the filtration rate {so that the net sample volume does not change during this step).
The filtration rate is complex, as it is determined by many factors {flow rate of the main
pump, transmembrane pressure, degree of column fowling, etc.) and the rate changes
throughout the run; consequently, the volume of the sample is controlled by modulating the

auxiliary pump flow rate manually.

{6021 5] In order to ensure complete diafiltration, at least 10 diavolumes of the
appropriate {new) buffer were exchanged (as measured by the accumulated mass of the
permeate). In the current example, constant-volume diafiltration {(continuous diafiltration)
was performed. This involves keeping the volume of the drug substance (retentate) during
the filtration process constant, by adding the new butfer at the same rate as the filtrate is
removed. The number of diavolumes exchange can be calculated using the following

equation

Number of digvolumes

Total volume of new buf fer introduced during the diafiitration procedure

Volume of the drug substance (retantate)
wherein, the volume of drug substance (retentate) remains constant throughout the process.

{00216} The diafiltration process provided samples of Zika virus vaccine drug

substance (DS}, which have been buffer exchanged into the bufters listed in table 11

[66217] Sample recovery and storage: on some occasions, the sample was further
concentrated following diafiliration (up to approximately 10 times). This was carried out by
closing the auxiliary pump and continuing to filter (i.e. leaving the main pump switched
on). In order to recover the sample at the end of the diafiltration process the feed and
recirculation lines were raised above the level of the sample and the flow of the pump was
reversed to collect the residual volume (generally around 1-3 mL). Appropriate

confirmatory assays such as pH determination, osmolality, and SEC were subsequently
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performed for the final product (the buffer exchanged Zika virus vaccine drug substance)

after TFF.

[00218] The Zika virus vaccine drug substance (DS) after buffer exchange was then

o

stored at +5 = 3 °C /ambient humidity for up to 5 days before carrying out the stability tests.

Stability test procedure

{00219} At the beginning of each study (examples 3A — 3F), samples of Zika virus
vaccine drug substance (DS) following buffer exchange were aliquoted into individual

3 mL vials, with each vial containing approximately 0.67 mL of the Zika virus vaccine drug
substance (D8) in the respective buffer. The vials were then sealed with an ETFE laminated

stopper.

{00220} A single sample, corresponding to one aliquot, for each different buffer was
then tested immediately using size exclusion chromatography (SEC, as described below) to
determine the peak area {and, therefore, the amount of protein in ug/mb.) at the beginning

of the study (day O/freeze-thaw cycle 0).

{60221} Sufficient vials of Zika virus vaccine drug substance {DS) in each of the
respective buffers were placed at +5 + 3 °C, ambient humidity and -80 °C, ambient
humidity at the beginning of each study. For each time point and temperature condition

measured, a separate vial was prepared.

[60222] Samples stored at — 80 °C were frozen in a — 80 °C chamber. Due o the 0.67
mL fill volume, the samples froze relatively rapidly but were not “snap frozen” in liguid

nitrogen.

Size exclusion chromatography (SEC) procedure

00223} Analysis of stability was performed using size exclusion chromatography
{SEC) using a single column. Size exclusion chromatography is a technique used to
separate proteins based on their molecular weight. The larger the molecular weight of a
protein sample, the shorter its elution time. A peak in the SEC trace was seen with a
retention time of around 8 minutes for the intact Zika virus. By comparing the integral of
this peak with the integral of a reference sample (at day zero} it is possible to determine

how much intact Zika virus is still present in the sample after a period of storage.
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Furthermore, by noting whether any further peaks appear at earlier retention times, it is

possible to determine whether the Zika virus has agglomerated.

00224} The equipment and materials used for size exclusion chromatography (SEC)

are detailed in Table 13 below.

~

Table 13: Equipment used for SE(

Eguipment Specification

HPLC (High Performance Liguid

Chromatography) System Agilent 1100 or 1260

Data System Method LPOOS M

Reprocessing Method LPOOSR.M

Column Superose-0 Increase (GE Healthcare)

Ix PBS (10.14 mM Sodium Phosphate,
Dibasic; 1.79 mM Potassium Phosphate,
Monobasic:, 136.89 mM NaCl, 2.68 mM

Mobile Phase KCI, 250 ppm NaNs pH 7.4)

Flow rate (mL/min) 1.0

UV-—VIS Detector Wavelengths 280 nm

Column Temperature RT (not regulated)

Auto-Sampler Tray Temperature 5°C

[00225) Size exclusion chromatography (SEC) was carried out using the procedure

detailed below.

Preparation of standards and test samples

[00226] BSA reference standard: reference samples of bovine serum albumin
{BSA) with concentrations of 200, 400, 800, and 1,000 ug/ml were prepared by diluting
the BSA stock solution, which has a well-defined concentration of 2 mg/ml., with water.
An aliquot of each reference sample was then transterred into a labeled HPLC vial and
capped. All protein concentrations given in examples 3A — 3F below are based on the

concentration of Zika virus based on g BSA standard curve.

100227} Preparation of samples for SEC: At each specific time point tested, the
required 3 mlL vials were removed from storage at +5 + 3 °C or -80 °C. Samples frozen
at -80 °C were thawed at room temperature. SEC samples were then prepared by
transferring at least 400 plL of each test sample from the appropriate 3 ml vial into a

labeled HPLC vial and capping the vial. The HPLC vials were then placed into the HPLC
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auto-sampier tray. The HPLC auto-sampler tray was cooled at 5 + 3 °C, ensuring that all of

53

the SEC samples were cooled to 5+ 3 °C before SEC was carried out.

[00228] Measurement: Hach SEC measurement involved injecting a 100 pl aliquot

of each of the samples into the SEC column using an auto sampler/auto injector.

Calculation used to determine the concentration of Zika protein {rom the
SEC chromatograms

[60229] For each SEC run, a standard curve of bovine serum atbumin (BSA), was
produced, standards of 200, 400, 800, and 1,000 ug/mL concentration were run and a
standard curve was prepared (linear regression, y = mx + b with b == Q). The BSA total peak

area was calculated as the sum of the monomer and dimer peak areas for BSA.

100230} This standard curve was used to determine the concentration of Zika virus

vaccine drug substance (DS} (in terms of concentration of BSA in ug/mL).

[00231] The values for concentration were then normalized relative to the

measurement taken on day C for each of the samples (which was taken as the 100 % value).

{00232} The Zika virus vaccine drug substance (DS) peak areas were determined as
the entire peak eluting after a retention time of approximately 8 minutes in the SEC
chromatograms. Peak fitting was performed by connecting the baseline before and after the
peak at around 8 minutes. This includes the main peak and any further shoulder that elutes
with a shorter retention time (i.¢e. to the left of the peak). Peaks or shoulders with a
significantly longer retention time were not included in the integration, as these peaks are

fikely to correspond to degraded or denatured Zika virus proteins.

[66233] Concentration determination of Zika virus vaccine drug substance {D5):
The total mass of the Zika virus vaccine drug substance (DS) was calculated based on the
BSA calibration curve. Zika virus vaceine drug substance (DS} concentration is reported in
pg/mL and is calculated by dividing the mass obtained from the calibration curve by 0.1

ml (see Equation 1).

Mass of Zika DS (ug)
] Equation 1

Zika DS Conce .a*»-e’..m[ La
T DROBNEF QLGN (}1 m}:
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{00234} The results given for each of the examples are an average of two repeat SEC

readings for the same sample.

Example 3A

[60235] Preparation of the samples in example 3A was carried out as described
above. Zika virus vaccine drug substance was prepared and then buffer exchanged into each
of the respective buffers histed in tables 14a and 14b below. In example 3 A, stability tests

were carried out over a 10 day period at both 5 + 3 °C and -80 °C.

100236} Tables 14a and 14b show the results of SEC carried out afier 0 and 10 days,
for Zika virus vaccine drug substance samuples in a number of different buffers. The results
of these experiments are given as percentages, based on the area of the SEC peak at day 10

as a percentage of the area of the peak at day 0.

Table 14a: SEC resulis for Example 3A at 5+ 3°C

Peak area/ normalized {o the BSA
concentration standard Jug/mL] Percentage remaining at
Day € Dayv 10 day 10/ %

Buffer

ZPB 133 112 85

Tris 133 104 78

Tris + 7% Sucrose 135 111 83

Table 14b: SEC results for Example 34 at -80 °C

Peak area/ normalized to the BSA
concentration standard jug/mL] Percentage remaining at
Diay ¢ Day 10 day 16/ %

Buffer

ZPB 133 78 58

Tris 133 g8 66

Tris + 7% Sucrose 135 109 81

Example 3B
{60237} Preparation of the samples in example 3B was carried out as described
above. Zika virus vaccine drug substance was prepared and then buffer exchanged into each
of the respective buffers listed in the table below. In example 3B, stability tests were carried

out over a 60 day period at -80 °C.
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{00238} Table 15 shows the results of SEC carried out after 0 and 60 days, for Zika
virus vaceine drug substance samples in a number of different buffers. The results of these
experiments are given as percentages, based on the area of the SEC peak at day 60, asa

percentage of the area of the peak at day 0.

Table 15: SEC resulés for Example 3B at -8¢ °C

Peak area/ normalized to the BSA
concentration standard [pg/mi] Percentage remaining at
Day 0 Day 60 day 60/ %
Buffer
Hig 27 il 41
His + 7% Sucrose 31 20 64
Esample 3C
00239} Preparation of the samples in example 3C was carried out as described

above. Zika virus vaccine drug substance was prepared and then buffer exchanged into each
of the respective buffers listed in the table below. In example 3C, stability tests were carried

out over a 67 day period at both 5+ 3 °C and -80 °C.

{00240} Tables 16a and 16b show the results of SEC carried out after 0 and 67 days,
for Zika virus vaccine drug substance samples 1n a nunber of different buffers. The results
of these experiments are given as percentages, based on the area of the SEC peak at day 67

as a percentage of the area of the peak at day 0.
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Table 16a: SEC results for Example 3C at 5+ 3 °C

Peak area/ normalized to the BSA
concentration standard {pg/mi] Percentage remaining at
Day 0 Day 67 dav 67 /%

Buffer

ZPB 95 83 88

Tris+ 7% Suc 79 75 95

Tris+10% v/iv ,

Glycerol 78 81 104

Table 16b: SEC results for Example 3C at -80°C

Peak area/ normalized to the BSA Percentage remaining /
concentration standard [pg/mL]j %
Day 0 Day | Day 67 Day 1 Day 67

Buffer

ZPB 95 68 65 72 69

Tris+ 7% Suc 79 74 62 94 78

15+10% v/v . -

Trst0%viv o 79 $1 101 104

Glycerol

[00241] Additionally, figures 14 and 15 show the SEC chromatograms for Zika virus

vaccine drug substance stored in Tris + 7% sucrose buffer and in ZPB buffer at -80 °C for
67 days. For drug substance in Tris + 7% sucrose bufter (Figure 14) the peak shape at day
67 is very similar to the peak shape at day 0. In contrast, for the drug substance in ZPB
{Figure 15}, at day 67 the chromatographic profile has shifted, in particular the size of the
main peak has decreased and the shoulder peak has increased in size {(1.¢. the shoulder peaks

lifts off from the base line at arcund 7.5 minutes), this suggesis aggregation.

Example 3D
{60242} Preparation of the samples in example 3D was carried out as described
above. Samples of Zika virus vaccine drug substance were prepared and then buffer
exchanged into Tris and ZPB buffer (as listed in the table 11 above). In example 3D,

stability tests were carried out over a 3 mouth period at -80 °C.
{00243} The results for this study are shown in Figure 19,

Example 3E
[00244] Preparation of the samples in example 3E was carried out as described

above. Zika virus vaccine drug substance was prepared and then buffer exchanged into each
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of the respective buffers listed in the table below. In example 3E, stability tests were carried

~

out over a 60 day pericd at 5 =3 °C.

[80245] Table 17 shows the results of SEC carried out after 1, 3, 8, 15, 30 and 60
days, for Zika virus vaccine drug substance samples in ZPB and TBS. The results of these
experiments are given as percentages, based on the area of the SEC peak at day 1, 3, 8, 15,

30 and 60 as a percentage of the area of the peak at day 0.

Table 17: SEC vesults for Example 3E at 5+ 3°C

Day ¢ ] 3 8 15 39 )
Buffer
Peak area/ content as BSA |[ZP'B 102 196 98 34 86 75 69
fug/mL] TBS 99 93 92 87 88 87 83
ZPB - 94 96 82 84 73 68
Percentage remaining / % | TBS - 93 92 88 89 88 84

Example 3F
[00246] Preparation of the samples in example 3F was carried out as described
above. Zika virus vaccine drug substance was prepared and then buffer exchanged into Tnis
buffer. Sucrose was subsequently added to the samples (to achieve samples with a total

concentration of 3, 5, 7 and 10 % w/v respectively).

[00247] Table 18 shows the results of SEC carried out after 0, 1, 2, 3, and 4 freeze

thaw cycles.

{00248 A tray of samples was prepared in individual vials. Each freeze thaw cycle
involved warming the tray (containing all of the sarples) to room temperature (25 °C) by
defrosting at room temperature. A single vial under each of the conditions was taken for

analysis after each freeze thaw cycle.

[60249] Results are given as percentages, based on the area of the SEC peak before

and after 1 to 4 freeze thaw cycles.
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Table 18: SEC column resuits for multiple freeze thaw cycles
Freeze thaw cycle 0 i 2 3 4
Buffer
Tris + 3% sucrose 288 272 259 252 207
Peak area/ content | Tris + 5% sucrose 286 271 254 244 206
as BSA fug/mL] Tris + 7% sucrose 284 278 267 268 267
Tris + 10% sucrose 287 280 286 276 272
Tris + 3% sucrose - 95 90 48 72
Percentage Tris + 5% sucrose - a5 39 85 7
remaining / %o Tris + 7% sucrose - 98 94 94 94
Tris + 10% sucrose - 038 100 96 95
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CLAIMS

A liquid inactivated virus composition comprising:
a} an inactivated whole Zika virus,
b} at least one pharmaceutically acceptable buffer with a concentration of
at least about 6.5 mM, and
¢} optionally a polyol,
wherein the liquid inactivated virus composition preferably does not contain an
adjuvant selected from aluminum salts and
said at least one pharmaceutically acceptable buffer does not comprise phosphate

ions.

The liquid inactivated virus composition of claim 1, wherein the concentration of
phosphate ions in the liquid inactivated virus composition is less than about 7 mM,
or less than about 6 mM, or less than about 5 mM, or less than about 4 mM, or less

than about 3 oM, or less than about 2 mM, or less than about 1 mM.

The liquid inactivated virus composition of claims 1 or 2, wherein the liquid
inactivated virus composition comprises only one pharmaceutically acceptable

buffer.

The liquid inactivated virus composition of claims 1 or 2, wherein the liquid
inactivated virus composition comprises at least two different pharmaceutically
acceptable buffers, wherein the molar ratio of the two most concentrated
pharmaceutically acceptable buffers in the Hquid inactivated virus composition is
not between 1:2 to 2:1, or not between 1:5 to 5:1, or not between §:1 to 1:§, or not

between 10:1 to 1:10.

The liquid inactivated virus composition of any one of the preceeding claims,
wherein the concentration of potassium ions in the liquid inactivated virus
composition is less than about 4 mM, or less than about 3 mM, or less than about
2 mM, or less than about 1.5 mM, or less than about 0.5 mM, or less than about

0.1 mM, or about 0 mM.
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The liquid inactivated virus composition of any one of the preceeding claims,
wherein the liguid inactivated virus composition is substantially free or free of

protamine sulphate.

The liquid inactivated virus composition of any one of the preceeding claims,
wherein the pH of the liquid inactivated virus composition is from about pH 6.0 to
about pH 9.0 or from about pH 6.5 to about pH 8.0, or from about pH 6.8 to about

pH 7.8, or about pH 7.6, as determined at room temperature.

The liquid inactivated virus composition of any one of the preceeding claims,
wherein the concentration of the pharmaceutically acceptable buffer is at least
about 7 mM, or at least about 7.5 mM, or at least about 8 mM, or at least about

8.5 mM, or at feast about 9 mM, or at least about 10 mM.

The liquid inactivated virus composition of claim 8, wherein the concentration of
the pharmaceutically acceptable buffer is from about 7 mM to about 200 mM, or
from about 7.5 mM to about 200 mM, or from about 8 mM to about 200 mM, or
from about 8.5 mM to about 200 mM, or from about 9 mM to about 100 mM, or
from about 9 mM to about 60 mM, or about 10 mM, or about 20 mM, or about 50

mM.

The liquid inactivated virus composition of any one of the preceeding clairs,
wherein the pharmaceutically acceptable buffer comprises an amino

group-containing molecule.

The liguid inactivated virus composition of claim 10, wherein the

pharmaceutically acceptable buffer is Tris or Histidine buffer.

The liquid inactivated virus composition of claim 11, wherein the

pharmaceutically acceptable buffer is Tris.

The liquid inactivated virus composition of any one of the preceding claims,

wherein the composition further comprises at least one polyol.
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The liquid inactivated virus composition of claim 13, wherein the liquid
inactivated virus composition comprises from about 1% w/v to about 60% w/v of
the polyol, or from about 6% w/v to about 50% w/v of the polyol, or from about
6% w/v to about 40% w/v of the polyol, or from about 6% w/v to about 35% wiv
of the polyol, or from about 6% w/v 1o about 30% w/v of the polyol, or from about
6% wiv to about 25% w/v of the polvol, or from about 6% w/v to about 20% w/v
of the polyol, or from about 6% w/v to about 15% w/v of the polyol, or from about
6% w/v 1o about 12% w/v of the polyol, or about 7% w/v of the polyol, or about

10% w/v of the polyol.

The liquid inactivated virus composition of claim 14, wherein the liquid
inactivated virus composition comprises a pharmaceutically acceptable butfer
comprising an aming group-containing molecule, and from about 6% w/v to about

15% wiv of a polyol.

The liquid inactivated virus composition of claim 15, wherein the liquid
inactivated virus cornposition comprises Tris, and from about 6% w/v to about

15% wiv of a polyol.

The liquid inactivated virus composition of any one of claims 13 to 16, wherein

the polyol is a sugar.

The liquid inactivated virus composition of claim 17, wherein the sugaris a

disaccharide.

The liquid inactivated virus composition of claim 18, wherein the disaccharide is a

non-reducing sugar.

The liguid inactivated virus compaosition of claim 19, wherein the non-reducing

SUgar is Sucrose.
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21, Theliquid inactivated virus composition of claim 20, wherein the liquid inactivated

23
10
15 24,

25.
20

26.
25

27.
30

28

virus composition comprises from about 5% w/v to about 20% w/v sucrose, or from

about 6% w/v to about 15% w/v sucrose.

The liquid inactivated virus composition of claim 21, wherein the liquid inactivated
virus composition comprises from about 6% w/v to about 8% w/v sucrose, such as

about 7% w/v sucrose.

The liquid inactivated virus composition of claim 21, wherein the liquid
inactivated virus composition comprises trom about 8.5 mM to about 50 mM Tris
and from about 6% to about 15% w/v sucrose, wherein the pH of the inactivated
virus composition is from about pH 7.0 to about pH 8.0, when measured at room

temperature.

The lquid inactivated virus composition of claim 13, wherein the polyol 13

glycerol.

The liquid inactivated virus composition of claim 24, wherein the liquid
inactivated virus composition comprises from about 1% v/v to about 60% v/v
glycerol, or from about 7% v/v to about 15% v/v glycerol, or about 10% v/v of

glycerol.

The liquid inactivated virus composition of claim 25, wherein the inactivated virus
compositon comprises from about 8.5 mM to about 50 mM Tris and from about
6% v/v to about 15% v/v glycerol, wherein the pH of the inactivated virus
composition is from about pH 7.0 to about pH 8.0, when measured at room

temperature.

The liquid inactivated virus composition of any one of the preceding claims,
wherein the liquid inactivated virus composition further comprises sodium

chloride.

The liquid inactivated virus composition of clairm 27, wherein the concentration of

sodium chioride in the liquid inactivated virus composition is from about 3 mM 1o
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about 500 mM sodium chloride, or from about 10 mM to about 200 mM sodium

chloride.

The liguid inactivated virus composition of claim 28, wherein the concentration of
sodium chioride in the liquid inactivated virus composition is from about 10 mM

to about 40 mM, or from about 10 mM to about 30 mM, such as about 20 mM.

The liquid inactivated virus composition of any one of the preceding claims,
wherein the tonic strength of the liquid inactivated virus composition is below
about 80 mM, or below about 70 mM, or below about 60 mM, or below about 50

mM, or below about 40 mM, or below about 30 mM.

The liquid inactivated virus composition of any one of the preceding claims,

wherein the Zika virus is an African lineage virus or an Asian lineage virus.

The liquid inactivated virus composition of claim 31, wherein the Zika virus is an

Asian lineage virus.

The liquid inactivated virus composition of claim 32, wherein the Zika virus is

derived from strain PRVABCSS.

The liquid inactivated virus composition of clairm 33, wherein strain PRVABCS9

comprises the genomic sequence according to SEQ D NQG: 2.

The liquid inactivated virus cornposition of any one of the preceding claims,
wherein the Zika virus has a mutation at position 98 of SEQID NO: 1, orata

position corresponding to position 98 of SEQ ID NO: 1.

The liquid inactivated virus composition of claim 35, wherein the mutation is a

Trp98Gly mutation in SEQ D NO: 1.

The liquid inactivated virus composition of any one of the preceding claims,
wherein the Zika virus does not comprise a mutation in the envelope protein

{Env).
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38,

40.

41.

44,

The liquid inactivated virus composition of any one of the preceding claims,
wherein the sequence encoding the envelope protein is the same as the
corresponding sequence in SEQ I No. 2, or wherein the sequence of the
envelope protein shows at least 99% identity, or at least 95% identity, or at least

90% identity, or at least 85% identity with the sequence in SEQ ID No. 2.

The liquid inactivated virus composition of any one of the preceding claims,
wherein the Zika virus is at least 85% pure as determined by the main peak of the
puritied Zika virus in the size exclusion chromatography being more than 85% of

the total area under the curve in the size exclusion chromatography.

The liquid inactivated virus composition of any one of the preceding claims,

wherein the Zika virus is chemically inactivated.

The liquid inactivated virus composition of claim 40, wherein the Zika virus is
inactivated with one or more of a detergent, formaldehyde, hydrogen peroxide,
beta-propiolactone (BPL), binary ethylamine (BEI, acetyl ethyleneimine,

methylene blue, and psoralen.

The liquid inactivated virus composition of claim 41, wherein the Zika virus is

inactivated with formaldehyde.

The liquid inactivated virus composition of claim 42, wherein the Zika virus is an
inactivaied whole virus obtainable from a method wherein the Zika virus is treated

i

with formaldehyde in an amount that ranges from about 0.001% w/v to about
3.0% wiv from 5 to 15 days at a temperature that ranges from about 15 °C to about

37°C.

The liquid inactivated virus composition of claim 43, wherein the Zika virus is an
inactivated whole virus obtainable by treating a whole live Zika virus with 0.005%

10 0.02% w/v of formaldehyde.
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45 The liquid inactivated virus composition of claim 44, wherein the Zika virus is an
inactivated whole virus obtainable by treating a whole live Zika virus with less

than 0.015% w/v of formaldehyde.

h

46. A liquid vaccine comprising:
a) the inactivated virus composition according to any one of the preceding
claims, and

b) an adjuvant such as aluminum hydroxide.

10 47, The liquid vaccine of claim 46 | wherein the concentration of sodium chioride in
the liguid vaccine is from about 56 mM to about 200 mM, or from about 60 mM

to about 150 mM, such as about 84 mM.

48, The liquid vaccine of claim 47, wherein the liquid vaccine comprises from about
15 8.5 mM to about 80 mM Tris and from about 60 mM to about 150 mM NaCl, and
wherein the pH of the liquid inactivated virus composition is from about pH 7.0 to

about pH 8.0, when measured at room temperature.

49, The liquid vaccine of claim 48, wherein the liquid vaccine comprises from about

20 0.4% (wivyto 4.7% (w/v} sucrose.

50.  The liquid vaccine of claim 49, comprising 100ug/ml to 800ug/mi aluminum
hydroxide, or 200pg/ml to 600pg/m! aluminum hydroxide, or 300ug/ml to
500ug/ml aluminum hydroxide, or about 400pg/ml aluminum hydroxide based on

25 elemental aluminum.

(4]
i

A unit dose of the liquid vaccine according to any one of claims 46 to 50.

52, The unit dose of vaccine of claim 51 comprising from about 1 pgto about 15 ug

30 of the inactivated whole Zika virus.

53.  The unit dose of vaccine of claim 52, comprising about 2ug of inactivated whole

Zika virus.

35 54.  The unit dose of vaccine of claim 52, comprising about Sug of inactivated whole

Zika virus.
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60.

61.

The unit dose of vaccine of claim 52, comprising about 10ug of inactivated whole

Zika virus.

The unit dose of vaccine of any one of claims 51 to 55 provided as about 0.4 mL

to about 0.8 mL of a pharmaceutically acceptable liquid.

Use of an inactivated virus composition comprising;

a} aninactivated whole Zika virus,

a}y at least one pharmaceutically acceptable buffer with a concentration of

at least about 6.5 mM, and

b} optionally a polyol,
wherein the inactivated virus composition does not contain an adjuvant selected
from aluminum salts and said at least one pharmaceutically acceptable buffer does
not comprise phosphate ions,

for stabilizing the inactivated whole Zika virus.

The use of claim 57, for stabilizing the inactivated whole Zika virus during storage

at 5+ 3 °C for at least 10 days.

The use of claim 57, for stabilizing the inactivated whole Zika virus during storage

at -80 °C for at least 10 days.

The use of claim 59, for stabilizing the inactivated whole Zika virus during storage

at -80 °C for at least 6 months.

The use of claim 60, for stabilizing the inactivated whole Zika virus during storage

at -80 °C for at least 12 months.

The use of any one of claims 37 to 61, for stabilizing the inactivated whole Zika
virus during one or multiple freeze thaw cycles, such as at feast 2 freeze thaw

cycles, or at least 4 freeze thaw cycles.
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A method of treating or preventing, in particular preventing Zika virus infection in
a human subject, in need thereof, comprising administering to the subject the unit

dose of vaccine of any one of claims 51 to 56.

The unit dose of vaccine of any one of claims 31 to 56, for use in treating or
preventing, in particular preventing a Zika virus infection in a human subject, in

need thereof,

Use of a unit dose of vaccine according to any one of claims 51 to 56, in the
manufacture of a medicament for preventing a Zika virus infection in a human

subject, in need thereof.

A method of preparing a liquid mactivated virus composition comprising:

a} aninactivated whole Zika virus,

b) a pharmaceutically acceptable buffer, wherein the said buffer is not
phosphate buffer and wherein the concentration of said buffer is at least
6.5mM; and

¢) optionally a polyol;

wherein the inactivated virus composition preferably does not contain an adjuvant
selected from aluminum salts; the method comprising the following steps:

Step 1. isolating a Zika virus preparation from supernatants obtained

from one or more non-human cells,

Step 2. purifying the Zika virus preparation;
Step 3. inactivating the virus preparation;
Step 4. transferring the Zika virus preparation into a pharmaceutically

acceptable buffer to obtain the inactivated virus composition.

A method of preparing a liquid vaccine, the method comprising the following
steps:
Step 1. providing the inactivated virus composition of claims 1 to 45,
Step 2. adding an adjuvant preferably an aluminum salt and optionally
a further pharmaceutically acceptable buffered liquid to the

inactivated virus composition.
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68.

69.

The method of claim 67, wherein in step 2 the further pharmaceutically acceptable
buffered liquid comprises the same buffer as the buffer with the highest

concentration in the inactivated virus composition.

A product obtainable by the method according to any one of claims 66 to 68.



