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Attorney Docket No.: 606773001301

ABSTRACT

The present disclosure relates to Zika virus vaccines and immunogenic
compositions having one or more antigens from a Zika virus (e.g., a Zika virus clonal isolate,
a non-human cell adapted Zika virus, etc.), and methods of manufacture, formulation, testing,

and uses thereof.
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CLAIMS
‘What is claimed is:

1. A vaccine or immunogenic composition comprising one or more antigens from a Zika

virus, wherein the Zika virus comprises at least one non-human cell adaptation mutation.

2. The vaccine or immunogenic composition of claim 1, wherein the at least one non-

human cell adaptation mutation is in Zika virus Non-structural protein 1 (NS1).

3. The vaccine or immunogenic composition of claim 2, wherein the at least one
adaptation mutation occurs at position 98 of SEQ ID NO: 1, or at a position corresponding to

position 98 of SEQ ID NO: 1.

4, The vaccine or immunogenic composition of claim 3, wherein the at least one

adaptation mutation is a Trp98Gly mutation.

5. The vaccine or immunogenic composition of any one of claims 1-4, wherein the at
least one adaptation mutation enhances genetic stability as compared to a Zika virus lacking

the at least one adaptation mutation.

6. The vaccine or immunogenic composition of any one of claims 1-5, wherein the at
least one adaptation mutation enhances viral replication as compared to a Zika virus lacking

the at least one adaptation mutation.

7. The vaccine or immunogenic composition of any one of claims 1-6, wherein the Zika

virus does not comprise a mutation in Envelope protein E (Env).

8. The vaccine or immunogenic composition of any one of claims 1-7, wherein the non-

human cell is a mammalian cell.

9. The vaccine or immunogenic composition of any one of claims 1-8, wherein the non-

human cell is a monkey cell.

10.  The vaccine or immunogenic composition of claim 9, wherein the monkey cell is

from a Vero cell line.

11. The vaccine or immunogenic composition of claim 10, wherein the Vero cell line is a

WHO Vero 10-87 cell line.
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12. The vaccine or immunogenic composition of any one of claims 1-11, wherein the

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

13. The vaccine or immunogenic composition of any one of claims 1-11, wherein the

Zika virus is an Asian lineage virus.

14. The vaccine or immunogenic composition of claim 13, wherein the Zika virus is from
strain PRVABCS59.
15. The vaccine or immunogenic composition of any one of claims 1-14, wherein the

vaccine or immunogenic composition is a purified antigen vaccine or immunogenic
composition, a subunit vaccine or immunogenic composition, an inactivated whole virus
vaccine or immunogenic composition, or an attenuated virus vaccine or immunogenic

composition.

16. The vaccine or immunogenic composition of any one of claims 1-15, wherein the
vaccine or immunogenic composition is an inactivated whole virus vaccine or immunogenic

composition.

17.  The vaccine or immunogenic composition of any one of claims 1-16, wherein the

virus was chemically inactivated.

18. The vaccine or immunogenic composition of claim 17, wherein the virus was
chemically inactivated with one or more of a detergent, formalin, beta-propiolactone (BPL),

binary ethylamine (BEI), acetyl ethyleneimine, methylene blue, and psoralen.

19. The vaccine or immunogenic composition of claim 17, wherein the virus was

chemically inactivated with formalin.

20.  The vaccine or immunogenic composition of any one of claims 1-19, further

comprising an adjuvant.

21.  The vaccine or immunogenic composition of claim 20, wherein the adjuvant is
selected from the group consisting of aluminum salts, toll-like receptor (TLR) agonists,
monophosphoryl lipid A (MLA), synthetic lipid A, lipid A mimetics or analogs, MLA
derivatives, cytokines, saponins, muramyl dipeptide (MDP) derivatives, CpG oligos,

lipopolysaccharide (LPS) of gram-negative bacteria, polyphosphazenes, emulsions,
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virosomes, cochleates, poly(lactide-co-glycolides) (PLG) microparticles, poloxamer particles,
microparticles, liposomes, Complete Freund’s Adjuvant (CFA), and Incomplete Freund’s

Adjuvant (IFA).

22.  The vaccine or immunogenic composition of claim 20, wherein the adjuvant is an

aluminum salt.

23. The vaccine or immunogenic composition of claim 20, wherein the adjuvant is
selected from the group consisting of alum, aluminum phosphate, aluminum hydroxide,

potassium aluminum sulfate, and Alhydrogel 85.

24. The vaccine or immunogenic composition of any one of claims 20-23, wherein at
least 75%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at

least 99%, or 100% of the one or more antigens are adsorbed to the adjuvant.

25. The vaccine or immunogenic composition of any one of claims 1-19, comprising from

about 0.1 pg Env to about 100 pg Env.

26.  The vaccine or immunogenic composition of claim 25, wherein the vaccine or

immunogenic composition is unadjuvanted.

27.  The vaccine or immunogenic composition of any one of claims 1-26, wherein the

Zika virus is a clonal isolate.

28. The vaccine or immunogenic composition of claim 27, wherein the clonal isolate is

substantially free of one or more adventitious agents.

29. A vaccine or immunogenic composition comprising: a) an aluminum salt adjuvant;
and b) a whole inactivated Zika virus, wherein the Zika virus comprises a non-human cell
adaptation mutation, and wherein the non-human cell adaptation mutation is a Trp98Gly
mutation at position 98 of SEQ ID NO: 1, or at a position corresponding to position 98 of

SEQ ID NO: 1.

30. A method of treating or preventing Zika virus infection in a subject in need thereof,
comprising administering to the subject a therapeutically effective amount of the vaccine or

immunogenic composition of any one of claims 1-29.
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31. A method for inducing an immune response in a subject in need thereof, comprising
administering to the subject an immunogenic amount of the vaccine or immunogenic

composition of any one of claims 1-29.
32. The method of claim 30 or claim 31, wherein the subject is a human.

33. The method of any one of claims 30-32, wherein the subject is pregnant or intends to

become pregnant.

34. The method of any one of claims 30-33, wherein administration of the vaccine or

immunogenic composition induces a protective immune response in the subject.

35.  The method of claim 34, wherein the protective immune response induced in the
subject is greater than a protective immune response induced in a corresponding subject
administered a vaccine or immunogenic composition comprising one or more antigens from a

Zika virus lacking the at least one non-human cell adaptation mutation.

36. The method of any one of claims 30-33, wherein administration of the vaccine or
immunogenic composition induces the generation of neutralizing antibodies to Zika virus in

the subject.

37.  The method of claim 36, wherein the concentration of neutralizing antibodies
generated in the subject is higher than a concentration of neutralizing antibodies generated in
a corresponding subject administered a vaccine or immunogenic composition comprising one
or more antigens from a Zika virus lacking the at least one non-human cell adaptation

mutation.

38. The method of any one of claims 30-37, wherein the vaccine or immunogenic
composition is administered by a route selected from the group consisting subcutaneous
administration, transcutaneous administration, intradermal administration, subdermal
administration, intramuscular administration, peroral administration, intranasal
administration, buccal administration, intraperitoneal administration, intravaginal

administration, anal administration and intracranial administration.

39. The method of any one of claims 30-38, wherein the vaccine or immunogenic

composition is administered one or more times.
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40. The method of claim 39, wherein the vaccine or immunogenic composition is

administered as a first (prime) and a second (boost) administration.

41. The method of claim 40, wherein the second (boost) administration is administered at

least 28 days after the first (prime) administration.
42. A method for inactivating a Zika virus preparation comprising:

(a) isolating the Zika virus preparation from one or more non-human cells, wherein
the cells are used to produce the virus preparation, and wherein the Zika virus

comprises at least one non-human cell adaptation mutation; and

(b) treating the virus preparation with an effective amount of formalin.

43.  The method of claim 42, further comprising (c) neutralizing the formalin-treated virus

preparation with sodium metabisulfite.

44.  The method of claim 43, wherein the virus preparation is neutralized at least five, at

least seven, at least nine, at least 11, or at least 14 days after formalin treatment.

45. The method of any one of claims 42-44, further comprising (d) purifying the

neutralized virus preparation.

46. The method of claim 45, wherein the neutralized virus preparation is purified by
process selected from the group consisting of cross flow filtration (CFF), multimodal
chromatography, size exclusion chromatography, cation exchange chromatography, and

anion exchange chromatography.

47.  The method of any one of claims 42-46, wherein the virus preparation is mixed with

an adjuvant.

48.  The method of claim 47, wherein the adjuvant is selected from the group consisting of
aluminum salts, toll-like receptor (TLR) agonists, monophosphoryl lipid A (MLA), synthetic
lipid A, lipid A mimetics or analogs, MLA derivatives, cytokines, saponins, muramyl
dipeptide (MDP) derivatives, CpG oligos, lipopolysaccharide (LPS) of gram-negative
bacteria, polyphosphazenes, emulsions, virosomes, cochleates, poly(lactide-co-glycolides)
(PLG) microparticles, poloxamer particles, microparticles, liposomes, Complete Freund’s

Adjuvant (CFA), and Incomplete Freund’s Adjuvant (IFA).
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49. The method of claim 47, wherein the adjuvant is an aluminum salt.

50. The method of claim 47, wherein the adjuvant is selected from the group consisting of
alum, aluminum phosphate, aluminum hydroxide, potassium aluminum sulfate, and

Alhydrogel 85.

51. The method of any one of claims 47-50, wherein at least 75%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of one or

more antigens in the virus preparation are adsorbed to the adjuvant.

52. The method of any one of claims 42-51, wherein the at least one non-human cell

adaptation mutation is in Zika virus NSI.

53. The method of claim 52, wherein the at least one adaptation mutation occurs at

position 98 of SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ ID NO: 1.

54. The method of claim 53, wherein the at least one adaptation mutation is a Trp98Gly

mutation.

55.  The method of any one of claims 42-54, wherein the at least one adaptation mutation
enhances genetic stability as compared to a Zika virus lacking the at least one adaptation

mutation.

56. The method of any one of claims 42-55, wherein the at least one adaptation mutation
enhances viral replication as compared to a Zika virus lacking the at least one adaptation

mutation.

57. The method of any one of claims 42-56, wherein the Zika virus does not comprise a

mutation in Envelope protein E (Env).

58. A method of purifying Zika virus comprising:

(a) inoculating a plurality of cells with an inoculum comprising a population of Zika
viruses; and
(b) obtaining a Zika virus clonal isolate by plaque purification from one or more of

the inoculated cells.

59. The method of claim 58, wherein the cells are non-human cells.
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60. The method of claim 58 or claim 59, wherein the cells are insect cells.

61. The method of claim 60, wherein the insect cells are mosquito cells.

62. The method of claim 58 or claim 59, wherein the cells are mammalian cells
63. The method of claim 62, wherein the mammalian cells are monkey cells.

64. The method of claim 63, wherein the monkey cells are from a Vero cell line.

65. The method of claim 64, wherein the Vero cell line is a WHO Vero 10-87 cell line.

66.  The method of any one of claims 58-65, wherein the population of Zika viruses is
heterogeneous.
67.  The method of any one of claims 58-66, wherein the population of Zika viruses

comprises a Zika virus clinical isolate.

68. The method of claim 67, wherein the Zika virus clinical isolate is from strain

PRVABC59.

69.  The method of any one of claims 58-66, wherein the population of Zika viruses

comprises a Zika virus that has been previously passaged one or more times in cell culture.

70. The method of any one of claims 58-69, wherein the inoculum comprises human
serum.
71. The method of any one of claims 58-70, wherein the inoculum comprises one or more

adventitious agents.

72. The method of claim 71, wherein the Zika virus clonal isolate is substantially free of

the one or more adventitious agents.

73. The method of any one of claims 58-72, further comprising one or more additional

plaque purifications of the Zika virus clonal isolate.

74.  The method of claim 73, wherein the Zika virus clonal isolate is further plaque

purified two or more times.
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5. The method of any one of claims 58-74, further comprising passaging the Zika virus

clonal isolate one or more times in cell culture.

76.  The method of claim 75, wherein the Zika virus clonal isolate is passaged two or more

times.

77. The method of any one of claims 58-76, further comprising formulating a vaccine or
immunogenic composition comprising one or more antigens from the Zika virus clonal

isolate.

78.  The method of claim 77, wherein the vaccine or immunogenic composition is a
purified antigen vaccine or immunogenic composition, a subunit vaccine or immunogenic
composition, an inactivated whole virus vaccine or immunogenic composition, or an

attenuated virus vaccine or immunogenic composition.

79. The method of claim 77, wherein the vaccine or immunogenic composition is an

inactivated whole virus vaccine or immunogenic composition.

80.  The method of any one of claims 58-79, wherein the Zika virus clonal isolate was

chemically inactivated.

81.  The method of claim 80, wherein the Zika virus clonal isolate was chemically
inactivated with one or more of a detergent, formalin, beta-propiolactone (BPL), binary

ethylamine (BEI), acetyl ethyleneimine, methylene blue, and psoralen.

82.  The method of claim 80, wherein the Zika virus clonal isolate was chemically

inactivated with formalin.

83.  The method of any one of claims 77-82, further comprising admixing the vaccine or

immunogenic composition with an adjuvant.

84. The method of claim 83, wherein the adjuvant is selected from the group consisting of
aluminum salts, toll-like receptor (TLR) agonists, monophosphoryl lipid A (MLA), synthetic
lipid A, lipid A mimetics or analogs, MLA derivatives, cytokines, saponins, muramy]l
dipeptide (MDP) derivatives, CpG oligos, lipopolysaccharide (LPS) of gram-negative

bacteria, polyphosphazenes, emulsions, virosomes, cochleates, poly(lactide-co-glycolides)
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(PLG) microparticles, poloxamer particles, microparticles, liposomes, Complete Freund’s

Adjuvant (CFA), and Incomplete Freund’s Adjuvant (IFA).

85. The method of claim 83, wherein the adjuvant is an aluminum salt.

86. The method of claim 83, wherein the adjuvant is selected from the group consisting
of alum, aluminum phosphate, aluminum hydroxide, potassium aluminum sulfate, and

Alhydrogel 85.

87. The method of any one of claims 83-86, wherein at least 75%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the one

or more antigens are adsorbed to the adjuvant.

88. The method of any one of claims 77-82, wherein the vaccine or immunogenic

composition comprises from about 0.1 pg Env to about 100 pg Env.

89. The method of claim 88, wherein the vaccine or immunogenic composition is

unadjuvanted.

90.  The method of any one of claims 58-89, wherein the Zika virus clonal isolate is a

homogenous genetic population.

91. The method of any one of claims 58-90, wherein the Zika virus clonal isolate does not

comprise a mutation in Envelope protein E (Env).

92.  The method of any one of claims 58-90, wherein the Zika virus clonal isolate

comprises at least one mutation.

93. The method of claim 92, wherein the at least one mutation is in Zika virus Non-

structural protein 1 (NS1).

94. The method of claim 93, wherein the at least one mutation occurs at position 98 of

SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ ID NO: 1.
95. The method of claim 94, wherein the at least one mutation is a Trp98Gly mutation.

96.  The method of any one ol claims 92-95, wherein the at least one mutation is not in

Envelope protein E (Env).
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The method of any one of claims 92-96, wherein the at least one mutation enhances

genetic stability as compared to a Zika virus lacking the at least one mutation.

98.

The method of any one of claims 92-97, wherein the at least one mutation enhances

viral replication as compared to a Zika virus lacking the at least one mutation.

99.

A method of purifying Zika virus for the preparation of a vaccine or immunogenic

composition, the method comprising one or more steps selected from the group of’:

100.

(a) passing a sample comprising a Zika virus through a depth filter to produce an
eluate, wherein the eluate comprises the Zika virus;

(b) buffer exchanging and/or diluting a sample comprising a Zika virus by cross flow
filtration (CFF) to produce a retentate, wherein the retentate comprises the Zika virus;
(c) binding a sample comprising a Zika virus to an ion exchange membrane to
produce a bound fraction, wherein the bound fraction comprises the Zika virus, and
eluting the bound fraction from the ion exchange membrane;

(d) treating a sample comprising a Zika virus with an effective amount of a chemical
inactivator;

(e) neutralizing a sample comprising a chemically inactivated Zika virus with sodium
metabisulfite; and

(f) purifying a naturalized sample comprising a chemically inactivated Zika virus by

cross flow filtration (CFF).

The method of claim 99, comprising the steps of:

(a) passing a sample comprising a Zika virus through a depth filter to produce an
cluate, wherein the eluate comprises the Zika virus;

(b) buffer exchanging and/or diluting a sample comprising a Zika virus by cross flow
filtration (CFF) to produce a retentate, wherein the retentate comprises the Zika virus;
(c) binding a sample comprising a Zika virus to an ion exchange membrane to
produce a bound fraction, wherein the bound fraction comprises the Zika virus, and
eluting the bound fraction from the ion exchange membrane;

(d) treating a sample comprising a Zika virus with an effective amount of a chemical
inactivator;

(e) neutralizing a sample comprising a chemically inactivated Zika virus with sodium

metabisulfite; and
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(f) purifying a naturalized sample comprising a chemically inactivated Zika virus by

cross flow filtration (CFF).

101.  The method of claim 99 or claim 100, comprising the steps of:

(a) passing a sample comprising a Zika virus through a [irst depth filter to produce a
first eluate, wherein the first eluate comprises the Zika virus;

(b) buffer exchanging and/or diluting the first eluate by cross flow filtration (CFF) to
produce a first retentate, wherein the first retentate comprises the Zika virus;

(c) binding the [irst retentate (o an ion exchange membrane (o produce a [irst bound
fraction, wherein the first bound fraction comprises the Zika virus, and eluting the
first bound fraction from the ion exchange membrane to produce a second eluate,
wherein the second eluate comprises the Zika virus;

(d) passing the second eluate through a second depth filter to produce a second
retentate, wherein the second retentate comprises the Zika virus;

(e) treating the second retentate with an effective amount of a chemical inactivator;
(f) neutralizing the treated second retentate with sodium metabisulfite; and

(g) purifying the neutralized second retentate by cross flow filtration (CFF).

102.  The method of any one of claims 99-101, wherein the ion exchange membrane is an

anion exchange membrane.

103.  The method of any one of claims 99-102, wherein the bound fraction of step (c) is

eluted in multiple steps, wherein each step comprises an increasing salt concentration.

104. The method of any one of claims 99-103, wherein the chemical inactivator is one or
more of a detergent, formalin, beta-propiolactone (BPL), binary ethylamine (BEI), acetyl

ethyleneimine, methylene blue, and psoralen.

105. The method of any one of claims 99-103, wherein the chemical inactivator is

formalin.

106. The method of any one of claims 99-105, wherein the neutralization occurs for at least

five, at least seven, at least nine, at least 11, or at least 14 days.

107.  The method of any one of claims 99-106, wherein the Zika virus is a Zika virus clonal

isolate produced by any one of claims 58-98.
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108. A vaccine or immunogenic composition comprising one or more antigens from a

plaque purified clonal Zika virus isolate.

109.  The vaccine or immunogenic composition of claim 108, wherein the plaque purified
clonal Zika virus isolate was plaque purified from cells contacted with an inoculum

comprising a population of Zika viruses.

110.  The vaccine or immunogenic composition of claim 109, wherein the cells are non-

human cells.

111.  The vaccine or immunogenic composition of claim 109 or claim 110, wherein the

cells are insect cells.

112.  The vaccine or immunogenic composition of claim 111, wherein the insect cells are

mosquito cells.

113.  The vaccine or immunogenic composition of claim 109 or claim 110, wherein the

cells are mammalian cells.

114.  The vaccine or immunogenic composition of claim 113, wherein the mammalian cells

are monkey cells.

115. The vaccine or immunogenic composition of claim 114, wherein the monkey cells are

from a Vero cell line.

116.  The vaccine or immunogenic composition of claim 115, wherein the Vero cell line is

a WHO Vero 10-87 cell line.

117.  The vaccine or immunogenic composition of any one of claims 109-116, wherein the

population of Zika viruses was heterogeneous.

118.  The vaccine or immunogenic composition of any one of claims 109-117, wherein the

population of Zika viruses comprised a Zika virus clinical isolate.

119.  The vaccine or immunogenic composition of claim 118, wherein the Zika virus

clinical isolate is from strain PRVABC59.
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120.  The vaccine or immunogenic composition of any one of claims 109-117, wherein the
population of Zika viruses comprised a Zika virus that had been previously passaged one or

more times in cell culture.

121.  The vaccine or immunogenic composition of any one of claims 109-120, wherein the

inoculum comprised human serum.

122.  The vaccine or immunogenic composition of any one of claims 109-121, wherein the

inoculum comprised one or more adventitious agents.

123.  The vaccine or immunogenic composition of claim 122, wherein the plaque purified

clonal Zika virus isolate is substantially free of the one or more adventitious agents.

124.  The vaccine or immunogenic composition of any one of claims 108-123, wherein the

plaque purified clonal Zika virus isolate is modified as compared to a wild-type Zika virus.

125.  The vaccine or immunogenic composition of any one of claims 108-124, wherein the

plaque purified clonal Zika virus isolate is a homogenous genetic population.

126.  The vaccine or immunogenic composition of any one of claims 108-125, wherein the
plaque purified clonal Zika virus isolate does not comprise a mutation in Envelope protein E

(Env)

127.  The vaccine or immunogenic composition of any one of claims 108-125, wherein the

plaque purified clonal Zika virus isolate comprises at least one mutation.

128.  The vaccine or immunogenic composition of claim 127, wherein the at least one

mutation is in Zika virus Non-structural protein 1 (NS1).

129.  The vaccine or immunogenic composition of claim 128, wherein the at least one
mutation occurs at position 98 of SEQ ID NO: 1, or at a position corresponding to position 98

of SEQ ID NO: 1.

130.  The vaccine or immunogenic composition of claim 129, wherein the at least one

mutation is a Trp98Gly mutation.

131.  The vaccine or immunogenic composition of any one of claims 127-130, wherein the

at least one mutation is not in Zika virus Envelope protein E (Env).
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132.  The vaccine or immunogenic composition of any one of claims 126-130, wherein the
at least one mutation enhances genetic stability as compared to a Zika virus lacking the at

least one mutation.

133.  The vaccine or immunogenic composition of any one of claims 126-132, wherein the
at least one mutation enhances viral replication as compared to a Zika virus lacking the at

least one mutation.

134.  The vaccine or immunogenic composition of any one of claims 108-133, wherein the

plaque purified clonal Zika virus isolate is an African lineage virus or an Asian lineage virus.

135.  The vaccine or immunogenic composition of any one of claims 108-134, wherein the

plaque purified clonal Zika virus isolate is an Asian lineage virus.

136.  The vaccine or immunogenic composition of any one of claims 108-135, wherein the
vaccine or immunogenic composition is a purified antigen vaccine or immunogenic
composition, a subunit vaccine or immunogenic composition, an inactivated whole virus
vaccine or immunogenic composition, or an attenuated virus vaccine or immunogenic

composition.

137.  The vaccine or immunogenic composition of any one of claims 108-135, wherein the
vaccine or immunogenic composition is an inactivated whole virus vaccine or immunogenic

composition.

138.  The vaccine or immunogenic composition of any one of claims 108-137, wherein the

plaque purified clonal Zika virus isolate was chemically inactivated.

139.  The vaccine or immunogenic composition of claim 138, wherein the plaque purified
Zika virus was chemically inactivated with one or more of a detergent, formalin, beta-
propiolactone (BPL), binary ethylamine (BEI), acetyl ethyleneimine, methylene blue, and

psoralen.

140.  The vaccine or immunogenic composition of claim 138, wherein the plaque purified

clonal Zika virus isolate was chemically inactivated with formalin.

141.  The vaccine or immunogenic composition of any one of claims 108-140, further

comprising an adjuvant.
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142.  The vaccine or immunogenic composition of claim 141, wherein the adjuvant is
selected from the group consisting of aluminum salts, toll-like receptor (TLR) agonists,
monophosphoryl lipid A (MLA), synthetic lipid A, lipid A mimetics or analogs, MLA
derivatives, cytokines, saponins, muramyl dipeptide (MDP) derivatives, CpG oligos,
lipopolysaccharide (LPS) of gram-negative bacteria, polyphosphazenes, emulsions,
virosomes, cochleates, poly(lactide-co-glycolides) (PLG) microparticles, poloxamer particles,
microparticles, liposomes, Complete Freund’s Adjuvant (CFA), and Incomplete Freund’s

Adjuvant (IFA).

143.  The vaccine or immunogenic composition of claim 141, wherein the adjuvant is an

aluminum salt.

144.  The vaccine or immunogenic composition of claim 141, wherein the adjuvant is
selected from the group consisting of alum, aluminum phosphate, aluminum hydroxide,

potassium aluminum sulfate, and Alhydrogel 85.

145.  The vaccine or immunogenic composition of any one of claims 141-144, wherein at
least 75%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98 %, at

least 99%, or 100% of the one or more antigens are adsorbed to the adjuvant.

146.  The vaccine or immunogenic composition of any one of claims 108-140, comprising

from about 0.1 pg Env to about 100 pug Env.

147.  The vaccine or immunogenic composition of claim 146, wherein the vaccine or

immunogenic composition is unadjuvanted.
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ZIKA VACCINES AND IMMUNOGENIC COMPOSITIONS, AND METHODS OF
USING THE SAME

STATEMENT REGARDING FEDERALLY-SPONSORED RESEARCH

[0001] This invention was made with government support under Grant No.
HHS0100201600015C awarded by the Department of Health and Human Services, Office
of the Assistant Secretary for Preparedness and Response, Biomedical Advanced Research
and Development Authority. This invention was created in the performance of a
Cooperative Research and Development Agreement with the Centers for Disease Control
and Prevention, an Agency of the Department of Health and Human Services. The

Government of the United States has certain rights in the invention.
FIELD OF THE INVENTION

[0002] The present disclosure relates to Zika virus vaccines and immunogenic
compositions having one or more antigens from a Zika virus (e.g., a Zika virus clonal
isolate, a non-human cell adapted Zika virus, efc.) and methods of manufacture,

formulation, testing, and uses thereof.
BACKGROUND

[0003] Zika virus, a flavivirus classified with other mosquito-borne viruses (e.g., yellow
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 traveled to Puerto 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
KU501215.1; GenBank Accession Number KX087101.3; and Yun et al. Genome Announc.
2016 Aug 18;4(4) and GenBank Accession Number ANK57897.1).

[0004] 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, self-limited febrile illness
in Africa and Southeast Asia (Weaver er al. 2016; Faria et al. 2016). However, in 2007, an

outbreak appeared in the North Pacific island of Yap, and then disseminated from island to
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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). The virus may be transmitted
zoonotically by Aedes aegypti, A. albopictus, and possibly by A. hensilli and A.
polynieseinsis (Weaver et al. 2016). 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.

[0005] In late 2015, 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). While Zika virus poses a substantial public
health threat, no FDA-approved vaccine or treatment currently exists, and the only

preventative measures for controlling Zika virus involve managing mosquito populations.

[0006] 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 full-length infectious cDNA clones of
Zika virus strain PRVABCS59 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.

BRIEF SUMMARY

[0007] Thus, there is a need to develop vaccines and immunogenic compositions for
treating and/or preventing Zika virus infection that utilize a genetically stable Zika virus
that does not require a two vector system. To meet the above and other needs, the present
disclosure is directed, at least in part, to a genetically stable non-human cell adapted Zika
virus harboring an adaptation in the Non-structural protein 1 (with a wild-type Envelope
protein), allowing for the use a single virus/viral genome system for vaccine production.

The present disclosure is also directed, at least in part, to a Zika virus clonal isolate that is
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genetically homogenous and/or has been purified away from one or more adventitious
agents. Accordingly, the present disclosure provides vaccines and immunogenic
compositions useful for treating and/or preventing Zika virus infection (e.g., in humans)
that include one or more Zika virus antigens (e.g., one or more antigens from a whole
inactivated Zika virus) from a Zika virus harboring at least one non-human cell adaptation
mutation (e.g., a mutation in Zika virus Non-structural protein 1) and/or a Zika virus clonal

isolate.

[0008] The present disclosure is based, at least in part, on the surprising finding that
both high and low dose vaccines comprising one or more antigens from separately derived
clonal virus populations of non-human cell adapted Zika virus were able to induce robust
immune responses and provide significant protection from Zika virus infection (See
Example 2 below). Clonal isolation of the Zika virus strains also allowed for: 1) the
successful purification of the virus away from contaminating agents (e.g., adventitious
agents that may be co-purified with the parental strain), and 2) the production of a
genetically homogeneous viral population. Moreover, the present disclosure is based, at
least in part, on the finding that clonal isolated Zika viruses harboring an adaptation
mutation in protein NS1 grew well and predictably in Vero cells to high titer, and
surprisingly, were genetically stable/genetically homogenous without any detectable
mutations to the viral envelope protein (See Examples 1 and 2 below). While a similar
mutation in Zika virus Non-structural protein 1 may have been observed in the genomic
sequencing analysis of 1 out of 3 published sequences of Zika virus strain PRVABC59
(Yun et al. Genome Announc. 2016 Aug 18;4(4)), this reference fails to teach or suggest
that a mutation in NS1 may improve stability of the virus; fails to teach or suggest that a
virus harboring the mutation may be used in the development of an effective vaccine
against Zika virus; and fails to teach or suggest that such a vaccine may be effective in
inducing a robust immune response and providing significant protection from Zika virus
infection when used at both low and high doses. Thus, without wishing to be bound by
theory, the inventors of the present disclosure have determined that the adaptation mutation
in protein NS1 appeared to enhance genetic stability within the Zika virus, resulting in
increased/enhanced replication efficiency. Further, the Zika strain harboring an adaptation
mutation in protein NS1 was able to be passaged multiple times without developing further
mutations. Such a stable Zika virus strain is advantageous as a master virus seed (MVS), or

subsequent seeds derived from the MVS, for vaccine production and manufacturing, as the
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risk of the master virus seed developing undesirable mutations is reduced. Moreover,
without wishing to be bound by theory, the adaptation mutation in protein NS1 of the Zika
strain of the present disclosure may also reduce or otherwise inhibit the occurrence of

undesirable mutations, such as within the envelope protein E (Env) of the Zika virus strain.

[0009] Accordingly, certain aspects of the present disclosure relate to a vaccine or
immunogenic composition containing one or more antigen from a Zika virus, where the
Zika virus contains at least one non-human cell adaptation mutation. In some embodiments,
the at least one non-human cell adaptation mutation is in Zika virus Non-structural protein 1
(NS1). In some embodiments, the at least one adaptation mutation occurs at position 98 of
SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ ID NO: 1. In some

embodiments, the at least one adaptation mutation is a Trp98Gly mutation.

[0010] In some embodiments that may be combined with any of the preceding
embodiments, the at least one adaptation mutation enhances genetic stability as compared
to a Zika virus lacking the at least one adaptation mutation. In some embodiments that may
be combined with any of the preceding embodiments, the at least one adaptation mutation
enhances viral replication as compared to a Zika virus lacking the at least one adaptation
mutation. In some embodiments that may be combined with any of the preceding

embodiments, the Zika virus does not comprise a mutation in Envelope protein E (Env).

[0011] In some embodiments that may be combined with any of the preceding
embodiments, the non-human cell is a mammalian cell. In some embodiments that may be
combined with any of the preceding embodiments, the non-human cell is a monkey cell. In
some embodiments, the monkey cell is from a Vero cell line. In some embodiments, the

Vero cell line is a WHO Vero 10-87 cell line.

[0012] In some embodiments that may be combined with any of the preceding
embodiments, the Zika virus is an African lineage virus or an Asian lineage virus. In some
embodiments, the Zika virus is an Asian lineage virus. In some embodiments, the Zika

virus is from strain PRVABCS59.

[0013] In some embodiments that may be combined with any of the preceding
embodiments, the vaccine or immunogenic composition is a purified antigen vaccine or
immunogenic composition, a subunit vaccine or immunogenic composition, an inactivated

whole virus vaccine or immunogenic composition, or an attenuated virus vaccine or
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immunogenic composition. In some embodiments, the vaccine or immunogenic
composition is an inactivated whole virus vaccine or immunogenic composition. In some
embodiments that may be combined with any of the preceding embodiments, the virus was
chemically inactivated. In some embodiments, the virus was chemically inactivated with
one or more of a detergent, formalin, beta-propiolactone (BPL), binary ethylamine (BEI),
acetyl ethyleneimine, methylene blue, and psoralen. In some embodiments, the virus was

chemically inactivated with formalin.

[0014] In some embodiments that may be combined with any of the preceding
embodiments, the vaccine or immunogenic composition further contains an adjuvant. In
some embodiments, the adjuvant is selected from aluminum salts, toll-like receptor (TLR)
agonists, monophosphoryl lipid A (MLA), synthetic lipid A, lipid A mimetics or analogs,
MLA derivatives, cytokines, saponins, muramyl dipeptide (MDP) derivatives, CpG oligos,
lipopolysaccharide (LPS) of gram-negative bacteria, polyphosphazenes, emulsions,
virosomes, cochleates, poly(lactide-co-glycolides) (PLG) microparticles, poloxamer
particles, microparticles, liposomes, Complete Freund’s Adjuvant (CFA), and/or
Incomplete Freund’s Adjuvant (IFA). In some embodiments, the adjuvant is an aluminum
salt. In some embodiments, the adjuvant is selected from the group consisting of alum,
aluminum phosphate, aluminum hydroxide, potassium aluminum sulfate, and Alhydrogel
85. In some embodiments, at least 75%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% of the one or more antigens are

adsorbed to the adjuvant.

[0015] In some embodiments that may be combined with any of the preceding
embodiments, the vaccine or immunogenic composition is a low dose vaccine or
immunogenic composition (e.g., containing from about 1pg to about 2ug antigen). In some
embodiments that may be combined with any of the preceding embodiments, the vaccine or
immunogenic composition is a high dose vaccine or immunogenic composition (e.g.,
containing about 10ug antigen). In some embodiments that may be combined with any of
the preceding embodiments, the vaccine or immunogenic composition contains from about
0.1 pg to about 25 pg of the one or more antigens. In some embodiments that may be
combined with any of the preceding embodiments, the vaccine or immunogenic
composition contains from about 0.1 pg Env to about 100 pg Env. In some embodiments,

the vaccine or immunogenic composition is unadjuvanted. In some embodiments that may
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be combined with any of the preceding embodiments, the Zika virus is a clonal isolate. In
some embodiments, the clonal isolate is substantially free of one or more adventitious
agents (e.g., free of one or more adventitious agents that may be co-purified with the

parental strain).

[0016] Other aspects of the present disclosure relate to a vaccine or immunogenic
composition containing: a) an aluminum salt adjuvant; and b) a whole inactivated Zika
virus, where the Zika virus contains a non-human cell adaptation mutation, and where the
non-human cell adaptation mutation is a Trp98Gly mutation at position 98 of SEQ ID NO:
1, or at a position corresponding to position 98 of SEQ ID NO: 1.

[0017] Other aspects of the present disclosure relate to a method of treating or
preventing Zika virus infection in a subject in need thereof, including administering to the
subject a therapeutically effective amount of any of the vaccines or immunogenic

compositions described herein.

[0018] Other aspects of the present disclosure relate to a method for inducing an
immune response in a subject in need thereof, including administering to the subject an
immunogenic amount of any of the vaccines or immunogenic compositions described

herein.

[0019] In some embodiments that may be combined with nay of the preceding
embodiments, the subject is a human. In some embodiments, the subject is pregnant or

intends to become pregnant.

[0020] In some embodiments that may be combined with any of the preceding
embodiments, administration of the vaccine or immunogenic composition induces a
protective immune response in the subject. In some embodiments, the protective immune
response induced in the subject is greater than a protective immune response induced in a
corresponding subject administered a vaccine or immunogenic composition containing one
or more antigens from a Zika virus lacking the at least one non-human cell adaptation
mutation. In some embodiments that may be combined with any of the preceding
embodiments, administration of the vaccine or immunogenic composition induces the
generation of neutralizing antibodies to Zika virus in the subject. In some embodiments, the
concentration of neutralizing antibodies generated in the subject is higher than a

concentration of neutralizing antibodies generated in a corresponding subject administered
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a vaccine or immunogenic composition comprising one or more antigens from a Zika virus

lacking the at least one non-human cell adaptation mutation.

[0021] In some embodiments that may be combined with any of the preceding
embodiments, the vaccine or immunogenic composition is administered by a route selected
from subcutaneous administration, transcutaneous administration, intradermal
administration, subdermal administration, intramuscular administration, peroral
administration, intranasal administration, buccal administration, intraperitoneal
administration, intravaginal administration, anal administration and/or intracranial
administration. In some embodiments that may be combined with any of the preceding
embodiments, the vaccine or immunogenic composition is administered one or more times.
In some embodiments, the vaccine or immunogenic composition is administered as a first
(prime) and a second (boost) administration. In some embodiments, the second (boost)

administration is administered at least 28 days after the first (prime) administration.

[0022] Other aspects of the present disclosure relate to a method for inactivating a Zika
virus preparation, including (a) isolating the Zika virus preparation from one or more non-
human cells, where the cells are used to produce the virus preparation, and where the Zika
virus contains at least one non-human cell adaptation mutation; and (b) treating the virus
preparation with an effective amount of formalin. In some embodiments, the method further
includes (c) neutralizing the formalin-treated virus preparation with sodium metabisulfite.
In some embodiments, the virus preparation is neutralized at least five, at least seven, at
least nine, at least 11, or at least 14 days after formalin treatment. In some embodiments,
the method further includes (d) purifying the neutralized virus preparation. In some
embodiments, the neutralized virus preparation is purified by process selected from cross
flow filtration (CFF), multimodal chromatography, size exclusion chromatography, cation

exchange chromatography, and/or anion exchange chromatography.

[0023] In some embodiments that may be combined with any of the preceding
embodiments, the virus preparation is mixed with an adjuvant. In some embodiments, the
adjuvant is selected [rom aluminum salts, toll-like receptor (TLR) agonists,
monophosphoryl lipid A (MLA), synthetic lipid A, lipid A mimetics or analogs, MLA
derivatives, cytokines, saponins, muramyl dipeptide (MDP) derivatives, CpG oligos,
lipopolysaccharide (LPS) of gram-negative bacteria, polyphosphazenes, emulsions,

virosomes, cochleates, poly(lactide-co-glycolides) (PLG) microparticles, poloxamer
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particles, microparticles, liposomes, Complete Freund’s Adjuvant (CFA), and/or
Incomplete Freund’s Adjuvant (IFA). In some embodiments, the adjuvant is an aluminum
salt. In some embodiments, the adjuvant is selected from alum, aluminum phosphate,
aluminum hydroxide, potassium aluminum sulfate, and/or Alhydrogel 85. In some
embodiments, at least 75%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% of one or more antigens in the virus preparation

are adsorbed to the adjuvant.

[0024] In some embodiments that may be combined with any of the preceding
embodiments, the at least one non-human cell adaptation mutation is in Zika virus NS1. In
some embodiments, the at least one adaptation mutation occurs at position 98 of SEQ ID
NO: 1, or at a position corresponding to position 98 of SEQ ID NO: 1. In some
embodiments, the at least one adaptation mutation is a Trp98Gly mutation. In some
embodiments that may be combined with any of the preceding embodiments, the at least
one adaptation mutation enhances genetic stability as compared to a Zika virus lacking the
at least one adaptation mutation. In some embodiments that may be combined with any of
the preceding embodiments, the at least one adaptation mutation enhances viral replication
as compared to a Zika virus lacking the at least one adaptation mutation. In some
embodiments that may be combined with any of the preceding embodiments, the Zika virus

does not comprise a mutation in Envelope protein E (Env).

[0025] Other aspects of the present disclosure related to a method of purifying Zika
virus, including the steps: (a) inoculating a plurality of cell with an inoculum containing a
population of Zika viruses, and (b) obtaining a Zika virus clonal isolate by plaque
purification from one or more of the inoculated cells. In some embodiments, the cells are
non-human cells. In some embodiments, the cells are insect cells. In some embodiments,
the cells are mosquito cells. In some embodiments, the cells are mammalian cells. In some
embodiments, the mammalian cells are monkey cells. In come embodiments, the monkey
cells are from a Vero cell line. In some embodiments, the Vero cell line is a WHO Vero 10-

87 cell line.

[0026] In some embodiments that may be combined with any of the preceding
embodiments, the population of Zika viruses is heterogeneous. In some embodiments that
may be combined with any of the preceding embodiments, the population of Zika viruses

comprises a Zika virus clinical isolate. In some embodiments, the Zika virus clinical isolate
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is from strain PRVABCS59. In some embodiments that may be combined with any of the
preceding embodiments, the population of Zika viruses comprises a Zika virus that has been
previously passaged one or more times in cell culture. [n some embodiments that may be
combined with any of the preceding embodiments, the inoculum comprises human serum.
In some embodiments that may be combined with any of the preceding embodiments, the
inoculum comprises one or more adventitious agents. In some embodiments, the Zika virus

clonal isolate is substantially free of the one or more adventitious agents.

[0027] In some embodiments that may be combined with any of the preceding
embodiments, the methods further include one or more additional plaque purifications of
the Zika virus clonal isolate. In some embodiments, the Zika virus clonal isolate is further
plaque purified two or more times. In some embodiments that may be combined with any of
the preceding embodiments, the methods further include passaging the Zika virus clonal
1solate one or more times in cell culture. In some embodiments, the Zika virus clonal isolate

is passaged two or more times.

[0028] In some embodiments that may be combined with any of the preceding
embodiments, the methods further include formulating a vaccine or immunogenic
composition comprising one or more antigens from the Zika virus clonal isolate. In some
embodiments, the vaccine or immunogenic composition is a purified antigen vaccine or
immunogenic composition, a subunit vaccine or immunogenic composition, an inactivated
whole virus vaccine or immunogenic composition, or an attenuated virus vaccine or
immunogenic composition. In some embodiments, the vaccine or immunogenic
composition is an inactivated whole virus vaccine or immunogenic composition. In some
embodiments, the Zika virus clonal isolate was chemically inactivated. In some
embodiments, the Zika virus clonal isolate was chemically inactivated with one or more of
a detergent, formalin, beta-propiolactone (BPL), binary ethylamine (BEI), acetyl
ethyleneimine, methylene blue, and psoralen. In some embodiments, the Zika virus clonal

isolate was chemically inactivated with formalin.

[0029] In some embodiments that may be combined with any ol the preceding
embodiments, the methods further include admixing the vaccine or immunogenic
composition with an adjuvant. In some embodiments, the adjuvant is selected from
aluminum salts, toll-like receptor (TLR) agonists, monophosphoryl lipid A (MLA),

synthetic lipid A, lipid A mimetics or analogs, MLA derivatives, cytokines, saponins,
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muramy] dipeptide (MDP) derivatives, CpG oligos, lipopolysaccharide (LPS) of gram-
negative bacteria, polyphosphazenes, emulsions, virosomes, cochleates, poly(lactide-co-
glycolides) (PLG) microparticles, poloxamer particles, microparticles, liposomes, Complete
Freund’s Adjuvant (CFA), and Incomplete Freund’s Adjuvant (IFA). In some
embodiments, the adjuvant is an aluminum salt. In some embodiments, the adjuvant is
selected from alum, aluminum phosphate, aluminum hydroxide, potassium aluminum
sulfate, and Alhydrogel 85. In some embodiments, at least 75%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the one or
more antigens are adsorbed to the adjuvant. In some embodiments that may be combined
with any of the preceding embodiments, the vaccine or immunogenic composition
comprises from about 0.1 pg Env to about 100 pg Env. In some embodiments, the vaccine

or immunogenic composition is unadjuvanted.

[0030] In some embodiments that may be combined with any of the preceding
embodiments, the Zika virus clonal isolate is a homogenous genetic population. In some
embodiments, the Zika virus clonal isolate does not contain a mutation in Envelope protein
E (Env). In some embodiments, the Zika virus clonal isolate contains at least one mutation.
In some embodiments, the at least one mutation is in Zika virus Non-structural protein 1
(NS1). In some embodiments, the at least one mutation occurs at position 98 of SEQ ID
NO: 1, or at a position corresponding to position 98 of SEQ ID NO: 1. In some
embodiments, the at least one mutation is a Trp98Gly mutation. In some embodiments the
at least one mutation is not in Envelope protein E (Env). In some embodiments, the at least
one mutation enhances genetic stability as compared to a Zika virus lacking the at least one
mutation. In some embodiments, the at least one mutation enhances viral replication as

compared to a Zika virus lacking the at least one mutation.

[0031] Other aspects of the present disclosure relate to a method of purifying Zika virus
for the preparation of a vaccine or immunogenic composition, including one or more (e.g.,
one or more, two or more, three or more, four or more, five or more, or all six) steps
selected from: (a) passing a sample containing a Zika virus through a depth filter to produce
an eluate, where the eluate contains the Zika virus; (b) buffer exchanging and/or diluting a
sample containing a Zika virus by cross flow filtration (CFF) to produce a retentate, where
the retentate contains the Zika virus; (c) binding a sample containing a Zika virus to an ion

exchange membrane to produce a bound fraction, where the bound fraction contains the

10
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Zika virus, and eluting the bound fraction from the ion exchange membrane; (d) treating a
sample containing a Zika virus with an effective amount of a chemical inactivator; (e)
neutralizing a sample containing a chemically inactivated Zika virus with sodium
metabisulfite; and/or (f) purifying a naturalized sample containing a chemically inactivated
Zika virus by cross flow filtration (CFF). In some embodiments, the method includes all of
the steps of: (a) passing a sample containing a Zika virus through a depth filter to produce
an eluate, where the eluate contains the Zika virus; (b) buffer exchanging and/or diluting a
sample containing a Zika virus by cross flow filtration (CFF) to produce a retentate, where
the retentate contains the Zika virus; (c) binding a sample containing a Zika virus to an ion
exchange membrane to produce a bound fraction, where the bound fraction contains the
Zika virus, and eluting the bound fraction from the ion exchange membrane; (d) treating a
sample containing a Zika virus with an effective amount of a chemical inactivator; (€)
neutralizing a sample containing a chemically inactivated Zika virus with sodium
metabisulfite; and/or (f) purifying a naturalized sample containing a chemically inactivated
Zika virus by cross flow filtration (CFF), in any order. In some embodiments, the method
includes the steps of: (a) passing a sample containing a Zika virus through a first depth filter
to produce a first eluate, where the first eluate containing the Zika virus; (b) buffer
exchanging and/or diluting the first eluate by cross flow filtration (CFF) to produce a first
retentate, where the first retentate contains the Zika virus; (c) binding the first retentate to
an ion exchange membrane to produce a first bound fraction, where the first bound fraction
contains the Zika virus, and eluting the first bound fraction from the ion exchange
membrane to produce a second eluate, where the second eluate contains the Zika virus; (d)
passing the second eluate through a second depth filter to produce a second retentate, where
the second retentate contains the Zika virus; (e) treating the second retentate with an
effective amount of a chemical inactivator; (f) neutralizing the treated second retentate with
sodium metabisulfite; and (g) purifying the neutralized second retentate by cross flow

filtration (CFF).

[0032] In some embodiments that may be combined with any of the preceding
embodiments, the ion exchange membrane is an anion exchange membrane. In some
embodiments that may be combined with any of the preceding embodiments, the bound
fraction of step (c) is eluted in multiple steps, where each step includes an increasing salt
concentration. In some embodiments that may be combined with any of the preceding

embodiments, the chemical inactivator is one or more of a detergent, formalin, beta-

11

Page 29 of 139



Attorney Docket No.: 606773001301

propiolactone (BPL), binary ethylamine (BEI), acetyl ethyleneimine, methylene blue, and
psoralen. In some embodiments that may be combined with any of the preceding
embodiments, the chemical inactivator is formalin. In some embodiments that may be
combined with any of the preceding embodiments, the neutralization occurs for at least
five, at least seven, at least nine, at least 11, or at least 14 days. In some embodiments that
may be combined with any of the preceding embodiments, the Zika virus is a Zika virus

clonal isolate produced by any of the methods described herein.

[0033] Other aspects of the present disclosure relate to a vaccine or immunogenic
composition containing one or more antigens from a plaque purified clonal Zika virus
isolate. In some embodiments, the plaque purified clonal Zika virus isolate was plaque
purified from cells contacted with an inoculum comprising a population of Zika viruses. In
some embodiments, the cells are non-human cells. In some embodiments, the cells are
insect cells. In some embodiments, the insect cells are mosquito cells. In some
embodiments, the cells are mammalian cells. In some embodiments, the mammalian cells
are monkey cells. In some embodiments, the monkey cells are from a Vero cell line. In

some embodiments, the Vero cell line is a WHO Vero 10-87 cell line.

[0034] In some embodiments that may be combined with any of the preceding
embodiments, the population of Zika viruses was heterogeneous. In some embodiments that
may be combined with any of the preceding embodiments, the population of Zika viruses
comprised a Zika virus clinical isolate. In some embodiments, the Zika virus clinical isolate
is from strain PRVABC59. In some embodiments that may be combined with any of the
preceding embodiments, the population of Zika viruses comprised a Zika virus that had
been previously passaged one or more times in cell culture. In some embodiments that may
be combined with any of the preceding embodiments, the inoculum comprised human
serum. In some embodiments that may be combined with any of the preceding
embodiments, the inoculum comprised one or more adventitious agents. In some
embodiments, the plaque purified clonal Zika virus isolate is substantially free of the one or

more adventitious agents.

[0035] In some embodiments that may be combined with any of the preceding
embodiments, the plaque purified clonal Zika virus isolate is modified as compared to a
wild-type Zika virus. In some embodiments that may be combined with any of the

preceding embodiments, the plaque purified clonal Zika virus isolate is a homogenous
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genetic population. In some embodiments that may be combined with any of the preceding
embodiments, the plaque purified clonal Zika virus isolate does not include a mutation in
Envelope protein E (Env). In some embodiments that may be combined with any of the
preceding embodiments, the plaque purified clonal Zika virus isolate comprises at least one
mutation. In some embodiments, the at least one mutation is in Zika virus Non-structural
protein 1 (NS1). In some embodiments, the at least one mutation occurs at position 98 of
SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ ID NO: 1. In some
embodiments, the at least one mutation is a Trp98Gly mutation. In some embodiments, the
at least one mutation is not in Zika virus Envelope protein E (Env). In some embodiments,
the at least one mutation enhances genetic stability as compared to a Zika virus lacking the
at least one mutation. In some embodiments, the at least one mutation enhances viral
replication as compared to a Zika virus lacking the at least one mutation. In some
embodiments that may be combined with any of the preceding embodiments, the plaque
purified clonal Zika virus isolate is an African lineage virus or an Asian lineage virus. In

some embodiments, the plaque purified clonal Zika virus isolate is an Asian lineage virus.

[0036] In some embodiments that may be combined with any of the preceding
embodiments, the vaccine or immunogenic composition is a purified antigen vaccine or
immunogenic composition, a subunit vaccine or immunogenic composition, an inactivated
whole virus vaccine or immunogenic composition, or an attenuated virus vaccine or
immunogenic composition. In some embodiments, the vaccine or immunogenic
composition is an inactivated whole virus vaccine or immunogenic composition. In some
embodiments that may be combined with any of the preceding embodiments, the plaque
purified clonal Zika virus isolate was chemically inactivated. In some embodiments, the
plaque purified Zika virus was chemically inactivated with one or more of a detergent,
formalin, beta-propiolactone (BPL), binary ethylamine (BEI), acetyl ethyleneimine,
methylene blue, and psoralen. In some embodiments, the plaque purified clonal Zika virus

isolate was chemically inactivated with formalin.

[0037] In some embodiments that may be combined with any of the preceding
embodiments, the vaccine or immunogenic composition further comprises an adjuvant. In
some embodiments, the adjuvant is selected from aluminum salts, toll-like receptor (TLR)
agonists, monophosphoryl lipid A (MLA), synthetic lipid A, lipid A mimetics or analogs,
MLA derivatives, cytokines, saponins, muramyl dipeptide (MDP) derivatives, CpG oligos,

13
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lipopolysaccharide (LPS) of gram-negative bacteria, polyphosphazenes, emulsions,
virosomes, cochleates, poly(lactide-co-glycolides) (PLG) microparticles, poloxamer
particles, microparticles, liposomes, Complete Freund’s Adjuvant (CFA), and Incomplete
Freund’s Adjuvant (IFA). In some embodiments, the adjuvant is an aluminum salt. In some
embodiments, the adjuvant is selected from alum, aluminum phosphate, aluminum
hydroxide, potassium aluminum sulfate, and Alhydrogel 85. In some embodiments, at least
75%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% of the one or more antigens are adsorbed to the adjuvant. In some
embodiments that may be combined with any of the preceding embodiments, the vaccine or
immunogenic composition contains from about 0.1 pg Env to about 100 ng Env. In some

embodiments, the vaccine or immunogenic composition is unadjuvanted.

[0038] It is to be understood that one, some, or all of the properties of the various
embodiments described above and herein may be combined to form other embodiments of
the present disclosure. These and other aspects of the present disclosure will become
apparent to one of skill in the art. These and other embodiments of the present disclosure

are further described by the detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 shows bright field microscopy images of Vero cell monolayers mock
inlected (top) or inlected with ZIKAYV strain PRVABCS9 (bollom).

[0040] FIG. 2 shows growth kinetics of ZIKAV PRVABC59 P1 on Vero cell

monolayers, as determined by TCIDsy.

[0041] FIG. 3 shows potency assay testing (TCIDs) of Zika virus PRVABC59 P5

clones a-f.

[0042] FIG. 4 shows bright-field microscopy images depicting the cytopathic effect
(CPE) of growth of Zika virus PRVABCS59 P6 clones a-f on Vero cell monolayers.

[0043] FIG. 5 shows potency assay testing (TCIDsg) of Zika virus PRVABC59 P6

clones a-f

[0044] FIG. 6 shows an amino acid sequence alignment comparing the envelope

glycoprotein sequence of Zika virus near residue 330 from Zika virus strains PRVABCS59
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P6e (SEQ ID NO: 8) and PRVABCS59 (SEQ ID NO: 9) with several other flaviviruses
(WNV (SEQ ID NO: 10); JEV (SEQ ID NO: 11); SLEV (SEQ ID NO: 12); YFV (SEQ ID
NO: 13); DENV 1 16007 (SEQ ID NO: 14); DENV 2 16681 (SEQ ID NO: 15); DENV 3
16562 (SEQ IDNO: 16); and DENYV 4 1036 (SEQ ID NO: 17)).

[0045] FIG. 7 shows an amino acid sequence alignment comparing the NS1 protein
sequence of Zika virus near residue 98 from Zika virus strains PRVABC59 P6e (SEQ ID
NO: 18) and PRVABCS59 (SEQ ID NO: 19) with several other flaviviruses (WNV (SEQ ID
NO: 20); JEV (SEQ ID NO: 21); SLEV (SEQ ID NO: 22); YFV (SEQ ID NO: 23); DENV
116007 (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)).

[0046] FIG. 8 shows the plaque phenotype of ZIKAV PRVABC59 P6 virus clones a-f
compared to ZIKAV PRVABCS59 P1 virus.

[0047] FIG. 9 shows the mean plaque size of ZIKAV PRVABCS59 P6 virus clones
compared to ZIKAV PRVABCS59 P1 virus.

[0048] FIG. 10 shows the growth kinetics of ZIKAV PRVABC359 P6 clones a-f in Vero

cells under serum-free growth conditions.

[0049] FIG. 11 shows a schematic of the steps taken to prepare PRVABC59 P6b and

P6e formulated drug product for the immunization experiments.

[0050] FIG. 12A shows the schedule of dosing of CD-1 mice with vaccine
formulations derived from the ZIKAYV PRVABC59 P6b and P6e clones. PBS was used as
placebo.

[0051] FIG. 12B shows the serum ZIKAV neutralizing antibody titers of CD-1 mice
immunized as described in FIG. 12A using vaccine formulations derived from ZIKAV
PRVABCS9 P6b and P6e clones. ZIKAYV neutralizing antibody titers were determined by
Reporter Virus Particle (RVP) neutralization assay. Solid lines represent the geometric

mean of a group. The limit of detection (1.93 log)o) is represented by a dashed line.

[0052] FIG. 13A shows the schedule of dosing of AG129 mice with vaccine
formulations derived from the ZIKAV PRVABC59 P6b and P6e clines. PBS was used as a
placebo.

15
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[0053] FIG. 13B shows the serum ZIKAV neutralizing antibody titers of AG129 mice
immunized as described in FIG. 13 A using vaccine formulations derived from ZIKAV
PRVABCS59 P6b and P6e clones. Solid lines represent the geometric mean of a group. The
limit of detection (1.30 log;o) is represented by a dashed line. Animals with no detectable

titer (<1.30) were assigned a titer of 0.5.

[0054] FIG. 14 shows the mean weight of AG129 test groups post-challenge,

represented as a percentage of starting weight. Error bars represent standard deviation.

[0055] FIG. 15 shows the serum viremia of individual AG129 mice two days post-
challenge, reported as PFU/mL. Solid lines represent the mean of a group. The limit of

detection (2.0 logp) is represented by a dashed line.
[0056] FIG. 16 shows the survival analysis of AG129 test groups post-challenge.

[0057] FIG. 17 shows the pre-challenge serum circulating ZIKAV neutralizing
antibody (Nab) titers following passive transfer of pooled sera from vaccinated and

challenged AG129 mice.

[0058] FIG. 18 shows the mean body weight of passive transfer and control mice
challenged with Zika virus.

[0059] FIG. 19 shows the serum viremia of individual AG129 mice three days post-
challenge, reported as PFU/mL.

[0060] FIG. 20 shows the survival analysis of passive transfer and control mice

challenged with Zika virus.

[0061] FIG. 21 shows the correlation between ZIKAV neutralizing antibody titers and

viremia observed in passive transfer mice.

DETAILED DESCRIPTION

General Techniques

[0062] 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
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Laboratory Press, Cold Spring Harbor, N.Y.; Current Protocols in Molecular Biology (F.M.
Ausubel, et al. eds., (2003)); the series Methods in Enzymology (Academic 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.I. Freshney, ed. (1987)); Oligonucleotide Synthesis (M.J. Gait, ed., 1984);
Methods in Molecular Biology, Humana Press; Cell Biology: A Laboratory Notebook (1.E.
Cellis, ed., 1998) Academic Press; Animal Cell Culture (R.1. 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, J.B. Grittiths, 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 (J.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 Biology (Wiley and Sons, 1999); Immunobiology (C.A. Janeway and P.
Travers, 1997); 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).

Zika virus

[0063] Certain aspects of the present disclosure relate to at least one Zika virus (e.g., a
Zika virus clonal isolate, a Zika virus purified by the methods described herein, a Zika virus
comprising one or more non-human cell adaptation mutations, etc.) that may be useful in
vaccines and/or immunogenic compositions including, without limitation, purified viruses,
inactivated viruses, attenuated viruses, recombinant viruses, or purified and/or recombinant

viral proteins for subunit vaccines.

[0064] Zika virus (ZIKV) is a mosquito-borne flavivirus first isolated from a sentinel
rhesus monkey in the Zika Forest in Uganda in 1947. Since that time, isolations have been
made from 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
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lineages. In some embodiments, the Zika virus is an African lineage virus. In some
embodiments, the Zika virus is an Asian lineage virus. Additionally, multiple 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,
ESS13025, ArD 7117, ArD 9957, ArD 30101, ArD 30156, ArD 30332, HD 78788, ArD
127707, ArD 127710, ArD 127984, ArD 127988, ArD 127994, ArD 128000, ArD 132912,
132915, ArD 141170, ArD 142623, ArD 149917, ArD 149810, ArD 149938, ArD 157995,
A1D 158084, ArD 165522, A1D 165531, ArA 1465, ArA 27101, ArA 27290, ArA 27106,
ArA 27096, ArA 27407, ArA 27433, ArA 506/96, ArA 975-99, Ara 982-99, ArA 986-99,

ArA 2718, ArB 1362, Nigeria68, Malaysia66, Kedougou84, Suriname, MR1429,
PRVABC59, ECMN2007, DakAr41524, H/PF/2013, R103451, 103344, 8375, JMB-185,
ZIKV/H, sapiens/Brazil/Natal/2015, SPH2015, ZIKV/Hu/Chiba/S36/2016, and/or
Cuba2017.

[0065]

1

61
121
181
241
301
361
121
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321

In some embodiments, an example of a Zika virus genome sequence is set forth
below as SEQ ID NO: 2:

gttgttgatc
gtatcaacag
aaagaaaccc
cceelllggg
gatggtcttg
catcaataga
gaaagatctg
cgcagatact
cactagacgt
atcttttcca
catgtgtgat
tgacgtcgat
caaaaaaggt
gaagctgcaa
tagagtcgaa
ttggctttyg
tgcccecggea
gtcaggtggg
acaggacaaa
ggtaagazcc
aacacaaggt
gttagtggac
atgcgctaag

tgtgtgaatc
gthtttatttt
ggaggattcc
ggcllgaaga
gcgattctag
tggggttcag
gctgccatgce
agtgtcggaa
gggagtgcat
accacattgg
gccaccatga
tgttggtgca
gaagcacgga
acgcggtcgce
aattggatat
ggaagctcaa
tacagcatca
acttgggttyg
ccgactgtcg
tactgctatg
gaagcctacc
agaggctggg
tttgcatgct

agactgcgac
ggatttggaa
ggattgtcaa
ggclgccagce
cctttttgag
tggggaaaaa
tgagaataat
ttgttggcct
actatatgta
ggatgaataa
gctatgaatg
acacgacgtc
gatctagaag
aaacctggtt
tcaggaaccce
cgagccaaaa
ggtgcatagg
atgttgtectt
acatagagct
aggcatcaat
ttgacaagca
gaaatggatg

ccaagaaaat

18

agttcgagtt
acgagagttt
tatgctaaaa
cggacllclg
attcacggca
agaggctatg
caatgctagg
cctgectgacce
cttggacaga
gtgttatata
ccctatgetyg
aacttgggtt
agctgtgacyg
ggaatcaaga
tggcttecgeg
agtcatatac
agtcagcaat
ggaacatgga
ggttacaaca
atcagacatg
atcagacact
tggacttttt
gaccgggaag

Page 36 of 139

tgaagcgaaa
ctggtcatga
cgcggagtag
clggglcalg
atcaagccat
gaaacaataa
aaggagaaga
acagctatgg
aacgatgctyg
cagatcatgg
gatgaggggyg
gtgtacggaa
ctccectece
gaatacacaa
ttagcagcag
ttggtcatga
agggactttyg
ggttgtgtca
acagtcagca
gcttctgaca
caatatgtct
ggcaaaggga
agcatccagce

gctagcaaca
aaaacccaaa
ccecgtgtgag
ggcccalcag
cactgggtct
agaagttcaa
agagacgagg
cagcggaggt
gggaggccat
atcttggaca
tggaaccaga
cctgccatca
attccaccag
agcacttgat
czgccatege
tactgctgat
tggaaggtat
ccgtaatgge
acatggcgga
gccgctgecce
gcaaaagaac
gcctggtgac

cagagaatct



1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3511
3601
3661
3721
3781
3841
3901
3961

ggagtaccgg
cacaggacat
agccgaagcc
ccttgacttt
ggagtggttc
ctggaacaac
cgtggttcta
tgagatggat
ggataaactt
caagatcccyg
agatggacct
tgggagg-tyg
gctggaactt
gatcacccac
gagaggatgcc
aggcgctcte
attgtttgga
gggtctgaac
gatcttctta
ggagacgaga
gtacaag-ac
agatggtatc
agaaggggag
atctgtaaaa
gccceccacggce
cagctttgtce
cagctttett
tagagaagat
ggaggctgta
gctgaagagg
gt.ggacagat
cagccatcac
agagcttgaa
tggaacaaga
gtgctgcagg
tggaatggag
tgcaggazca
ggtgcaggaa
agtgctggta
tttgatgggt
gatagcggca
gacaccccgt
cgccttggaa
acgagcgatyg

ataatgctgt
gaaactgatg
accctggggg
tcagatttgt
cacgacattc
aaagaagcac
gggagtcaag
ggtgcaaagg
agattgaagg
gctgaaacac
tgcaaggttc
ataaccgcta
gatccaccat
cactggcaca
aagagaatgg
aactcattgg
ggaatgtcct
acaaagaatg
tccacagccg
tgcggtacag
catcctgact
tgcgggatct
clcaacgcaa
aaccccatgt
tggaaggctt
gtggatggtg
gtggaggatc
tattcattag
cacagtgatc
gcccatctga
ggaat.agaag
aataccagag
attcggtttyg
ggaccatctc
gagtgcacaa
ataaggccca
actgatcaca
gggctgaaga
gctatgatcc
gccacctteg
ttcaaagtca
gaaagcatgc
ggcgacctga
gttgttccac

cagttcatgg
agaatagagc
gttttggaag
attacttgac
cattaccttyg
tggtagagtt
aaggagcagt
gaaggctgtc
gcgtgtcata
tgcacgggac
cagctcagat
accccgtaat
ttggggactc
ggagtggcag
cagtcttggg
gcaagggcat
ggttctcaca
gatctatttc
tctectgetga
gggtgttcgt
cceccecgtag
cctetgttte
Lceclggaaga
ggagaggtcc
gggggaaatc
acacactgaa
atgggttcgg
agtgtgatcc
taggctactg
tcgagatgaa
agagtgatct
agggctacag
aggaatgccc
tgagatcaac
tgcccccecact
ggaaagaacc
tggaccactt
agagaatgac
tgggaggatt
cggaaatgaa
gaccagcgtt
tgctggectt
tggttctcat

gcactgataa

19

ctccecageac
gaaagttgag
cctaggactt
tatgaataac
gcacgctggg
caaggacgca
tcacacggce
ctctggccac
ctcettgtgt
agtcacagtyg
ggcggtggac
cactgaaagc
ttacattgte
caccattgga
agacacagcc
ccatcaaatt
aattctcatt
ccttatgtge
tgtggggtge
ctataacgac
attggcagca
aagaatggaa
gaalggagllL
acagagattg
gtatttecgtc
ggaatgccca
ggtatttcac
agccgttatt
gattgagagt
aacatgtgaa
gat.cataccc
gacccaaatg
aggcactaag
cactgcaagc
gtcgttcecgg
agaaagcaac
ctccettgga
cacaaagatc
ttcaatgagt
cactggagga
gctggtatct
ggcctcegtgt
caatggtttt

catcaccttg
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agtgggatga
ataacgccca
gattgtgaac
aagcactggt
gcagacaccyg
catgccaaaa
cttgctggag
ttgaaatgtc
actgcagcgt
gaggtacagt
atgcaaactc
actgagaact
ataggagtcg
aaagcatttyg
tgggactttyg
tttggagcag
ggaacgttge
ttggccttag
tcggtggact
gttgaagcct
gcagtcaage
aacatcatgt
caaclgacgg
cccgtgectyg
agagcagcaa
ctcaaacata
actagtgtct
ggaacagctg
gagaagaatg
tggccaaagt
aagtctttag
aaagggccat
gtccacgtygg
ggaagggtga
gctaaagatg
ttagtaaggt
gtgcttgtga
atcataagca
gacctggcta
gatgtagcte
ttcatcttca
cttttgcaaa
gctttggect
gcaatcctygg

tcgttaatga
attcaccgag
cgaggacagg
tggttcacaa
gaactccaca
ggcaaactgt
ctctggagge
gcctgaaaat
tcacattcac
acgcagggac
tgaccccagt
ctaagatgat
gggagaagaa
aagccactgt
gatcagttgg
ctttcaaatc
tgatgtggtt
ggggagtgtt
tctcaaagaa
ggagggacag
aagcctggga
ggagatcagt
Lcgllglggg
tgaacgagcet
agacaaataa
gagcatggaa
ggctcaaggt
tZaagggaaa
acacatggag
cccacacatt
cmgggcecact
ggcacagtga
aggaaacatg
tcgaggaatg
gctgttggta
caatggtgac
tcectgctcat
catcaatggc
agcttgcaat
atctggcget
gagctaattyg
czgcgatcte
ggttggcaat
czgctctgac



4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601

accactggcc
gtttatgctc
ggccctggga
gctcacaagg
gatatgcgca
cgcggtcggt
tgaaagagca
gctcgatgtyg
catgagagag
catacccctt
tectatgggat
cagagtaatg
gggggtcott
gagacttgat
gaagctagat
agagagagcg
tggagcggtt
tgggagagtyg
tgccatcacc
gctgaagaag
agttettect
tccaaccagg
Lalgacaaca
tgccacctte
tatggatgag
aagggttgag
tgacgcattt
agcctggagce
tccaagegtg
catacagctc
ggactttgtc
catagatzcc
tggacccatg
tcccaacaaa
ccatgcacac
catagcczcg
gcttaggacg
ttggctggce
tgatggcacg
acacggagag
tgcggcecectyg
gatggaagcc
caacctcget

ccaattgeccg

cggggcacac
ctctectctga
ctaaccgctg
agtgggaagc
ttggctggag
ctgctaattyg
ggtgacatca
gcgctagatg
atcatactca
gcagctggag
gtgecctgcecte
actcgtagac
cacactatgt
ccatactggg
gcegectggyg
aggaacatcc
gcgctggatt
ataggacttt
caagggagga
aagcagctaa
gaaatagtcc
gttgtcgetyg
gcaglcaalg
acttcacgtc
gcccacttca
atgggcgagg
ccggactcca
tcaggctttyg
aggaacggca
agcagaaaga
gtgacaactg
aggagatgcc
cctgtcacac
cctggagatyg
tggcttgaag
ctctatcgac
gagcaaagga
tatcaggttyg
accaacaaca
aaaagagtgc
aagtcattca
ctgggaacac
gtgctcatge

gagaccctag

tgcttgtgge
agggaaaagg
tgaggctggt
ggagctggee
ggttcgceccaa
tcagttacgt
catgggaaaa
agagtggtga
aggtggtcct
cgtggtacgt
ccaaggaagt
tgctaggttce
ggcacgtcac
gagatgtcaa
atgggcacag
agactctgce
acccagcagg
atggcaatgg
gggaggaaga
ctgtcttaga
gtgaagccat
ctgaaatgga
Lcaccecaclc
tactacagcce
cagatcccte
cggctgcecat
actcaccaat
attgggtgac
atgagatcgce
cttttgagac
acatttcaga
taaagccggt
atgccagcge
agtatctgta
caagaatgct
ctgaggccga
agacctttgt
catctgccgg
ccataatgga
tcaaaccgag
aggagtttgce
tgccaggaca
gggcagagac

agaccataat

20

gtggagagca
cagtgtgaag
cgaccccatc
ccctagcgaa
ggcagatata
ggtctcagga
agatgcggaa
tttctcectyg
gatgaccatc
atacgtgaag
aaaaaagggyg
aacacaagtt
aaaaggatcc
gcaggatctyg
cgaggtgcag
cggaatattt
aacttcagga
ggtcgtgatc
gactcctgtt
cttgcatcct
aaaaacaaga
ggaggccctt
Lggaacagaa
aatcagagtc
aagtatagca
cttcatgacc
tatggacacc
ggatcattct
agcttgtctyg
agagttccag
gat.gggcgee
catacttgat
tgcccagagg
tggaggtggg
ccttgacaat
caaagtagca
ggaactcatg
aataacctac
agacagtgtyg
gtggatggac
cgctgggaaa
catgacagag
tggaagcagg
gcttttgggg
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ggccttgeta
aagaacttac
aacgtggtgg
gtactcacag
gagatggctyg
aagagtgtgg
gtcactggaa
gtggaggatyg
tgtggcatga
actggaaaaa
gagaccacag
ggagtgggag
gcgctgagaa
gtgtcatact
ctcttggccyg
aagacaaagg
tctccaatce
aaaaacggga
gagtgcttcg
ggagctggga
ctecgtactyg
agagggctte
alcglegacl
cccaactata
gcaagaggat
gccacgccac
gaagtggaag
ggaaaaacag
acaaaggctyg
aaaacaaaac
aactttaaag
ggcgagagag
agggggcgcea
tgcgcagaga
atttacctce
gccattgagg
aaaagaggag
acagatagaa
ccggcagagg
gccagagttt
agaggagcgg
agattccagyg
ccttacaaag

ttgctgggaa

cttgcggggyg
catttgtcat
gactgctgtt
czgttggcct
ggcccatgge
acatgtacat
acagtccccg
acggtcccce
acccaatagc
ggagtggtgce
atggagtgta
tzatgcaaga
gcggtgaagg
gzggtccatg
tgcccececgg
atggggacat
tagacaagtg
g-tatgttag
agccctcgat
aaaccaggag
tgatcttage
cagtgcgtta
Laalglgcca
atctgtatat
acatttcaac
caggaacccg
tcccagagag
tZtggtttgt
gaaaacgggt
a-caagagtg
cmgaccgtgt
tcattctgge
taggcaggaa
czgacgaaga
aagatggcct
gagagttcaa
atzcttcctgt
gatggtgctt
tgtggaccag
g-tcagatca
c-tttggagt
aagccattga
ccgcggocggce
cagtctcget



6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
§341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241

gggaatcttc
gactcttggg
atgtgtccte
aagatctccce
cttgattacc
aatgggaagg
agcctcaget
tgcagtgacc
gttgtttgge
aatgataggt
cgtggcgecac
gaagagaacg
cattgacaca
agcagtagcc
ggctctgatce
ctcctctaca
tctaatczac
agagaccctyg
ctcctacaaa
ggacggtgtyg
ggtggagegy
gggctggagt
aggaggececl
tcttaagagt
tgacataggt
ctccatggtyg
cccatacacce
actggtcaga
gaaaagcaac
cgggcctagyg
tgtggtaagce
ccgcagtgag
ttaccatgga
tgtcaggctce
cgacaccaca
agacccccaa
gctaggcaaa
tagcaatgca
agctgtgaac
aggagag-=gc
atttggaaag
agagttcgaa
aggtggtgtt

tataccagga

ttecgtecttga
gccagcgcat
attgttgtgt
caggacaacc
gccaatgaac
agagaggagg
tgggccatct
acctcataca
atgggcaaag
tgctactcac
tacatgtact
gcagctggca
atgacaattg
gtctccageg
acagccgcaa
gccacttcac
acagtaacaa
ggagagaaat
aagtcaggca
gcaacgggag
ggatacctgce
tactacgtcg
gglcalgaag
ggggtggacyg
gagtcatcat
ggggattggc
agcactatga
gtgccactct
accataaaaa
aggccagtga
tgcgctgaag
cacgcggaaa
agctatgagg
ctgtcaaaac
ccgtatggte
gaaggcactc
cacaaacggc
gcattagggg
gatccaaggt
cagagctgtg
gccaagggca
gceccttggat
gaagggctygg
ggaaggatgt

tgaggaacaa
ggctcatgtyg
tecectattget
aaatggcaat
tecggatggtt
gggcaaccat
atgctgectt
acaactactc
ggatgccatt
aattaacacc
tgatccecagg
tcatgaagaa
acccccaagt
ccatactgte
cttccacttt
tgtgtaacat
gaaacgctgg
ggaaggcccg
tcaccgaggt
gccatgetgt
agccctatgg
ccaccatccg
aacccglgll
tctttcatat
ctagtcctga
ttgaaaaaag
tggaaaccct
cccgcaactce
gtgtgtccac
aatatgagga
ctcccaacat
cgtggttctt
cccceccacaca
cctgggatgt
agcaaagagt
gtcaggttat
cacgagtctg
caatatttga
tctgggetet
tgtacaacat
gccgcecgcecat
tcttgaacga
gattacaaag

atgcagatga

21

gggcataggg
gctctcecggaa
ggtggtgctc
catcatcatg
ggagagaaca
aggattctca
gacaactttc
cttaatggcyg
ctacgcatgg
cctgacccta
gctgcaggca
ccctgttgtyg
ggagaaaaag
gcggaccgcec
gtgggaaggc
ttttagggga
cttggtcaag
cttgaaccag
gtgcagagaa
gtcccgagga
aaaggtcatt
caaagttcaa
gglgcaaagc
ggcggctgag
agtggaagaa
accaggagcc
ggagcgactyg
tacacatgag
cacgagccag
ggatgtgaat
gaagat.catt
tgacgagaac
agggtcagceyg
ggtgactgga
tttcaaggaa
gagcatggtc
caccaaagaa
agaggaaaaa
agtggacaag
gatgggaaaa
ctggtatatg
ggatcactgg
actcggatat
cactgctgge
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aagatgggct
attgagccag
atacctgagc
gtagcagtag
aagagtgacc
atggacattyg
attaccccag
atggccacgc
gactttggag
atagtggcca
gcagctgcge
gatggaatag
atgggacagg
tgggggtggy
tctecgaaca
agttacttgg
agacgtgggg
atgtcggccce
gaggcccgcece
agtgcaaagc
gatcttggat
gaagtgaaag
Lalggglgga
ccgtgtgaca
gcacggacgc
ttttgtataa
cagcgtaggt
atgtactggg
ctcctettgg
ctcggctcectyg
ggtaaccgca
cacccatata
tcctetectaa
gtcacaggaa
aaagtggaca
tctteectggt
gagttcatca
gagtggaaga
gaaagagagc
agagaaaaga
tggctagggyg
atggggagag
gtcctagaag

tgggacacce

t-ggaatggt
ccagaattgce
cagaaaagca
gzcttctggg
taagccatct
acctgcggece
ccgtccaaca
aagctggagt
tceegetget
tcattttgct
g-gctgecca
tggtgactga
tgctactcat
gggaggctgg
agtactggaa
ctggagcette
g-ggaacagyg
tggagttcta
gcgccctcaa
tgagatggtt
g-ggcagagg
gatacacaaa
acalaglccg
cgttgctgtyg
tcagagtcct
aagtgttgtg
a-gggggagg
tctectggage
ggcgcatgga
gcacgcgggce
t-gaaaggat
ggacatgggc
taaacggggt
tagccatgac
czagggtgcece
tgtggaaaga
acaaggttcg
c-gcagtgga
accacctgag
aacaagggga
c-agatttct
agaactcagg
agatgagtcyg
gcattagcag



9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
10621

[0066]

gtttgatctyg
ggcattggcce
tgaaaaaggg
agttgtcact
ggaggctgag
gaccaac-gg
tgattgegtt
tatgggaaaa
ggaagaagtt
cattgtggtt
ggcggga-gg
gcteccttzat
gccagttgac
gatgaccact
catggaagac
agacttgzgg
taaaaacaca
cctatccace
accaatctta
tgtgaccccece
cacggaagaa
gcgettggag
gcclgaaclg

In some embodiments,

gagaatgaag
ataatcaagt
aaaacagtta
tacgctctta
gaagttctag
ttgcagagca
gtgaagccaa
gttaggaagg
ccgttttget
cccectgecgeco
agcatccggg
ttccacagaa
tgggttccaa
gaagacatgc
aagaccccag
tgtggatctc
gtcaacatgg
caagttcget
atgttgtcag
ccaggagaag
gccatgcectge
gcgcaggatg
gagalcagcl

ctctaatcac
acacatacca
tggacattat
acacatttac
agatgcaaga
acggatggga
ttgatgatag
acacacaaga
cccaccactt
accaagatga
agactgcettg
gggacctccg
ctgggagaac
ttgtggtgtg
ttacgaaatyg
tcatagggca
tgcgcaggat
acttgggtga
gcctgctagt
ctgggaaacc
ctgtgagccce
ggaaaagaag

glggalclLce

caaccaaatg
aaacaaagtg
ttcgagacaa
caacctagtg
cttgtggctyg
taggctcaaa
gtttgcacat
gtggaaaccc
caacaagctc
actgattggce
cctagcaaaa
actgatggcce
tacctggtca
gaacagagtg
gacagacatt
cagaccgcgce
cataggtgat
agaagggtct
cagccacagc
aagcctatag
ctcagaggac
gtggcgacct
agaagaggga
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gagaaagggc
gtaaaggtcc
gaccaaaggg
gtgcaactca
ctgcggaggt
cgaatggcag
gccctcaggt
tcaactggat
catctcaagg
cgggccegceyg
tcatatgcge
aatgccattt
atccatggaa
tggattgagg
ccctatttgg
accacctggg
gaagaaaagt
acacctggag
ttggggaaag
tcaggccgag
actgagtcaa
tccccaccect

claglggllLa

acagggcctt
tTagaccagc
ggagcggaca
tZcggaatat
cagagaaagt
tcagtggaga
tcttgaatga
gggacaactg
acgggaggtc
tctecteccagyg
aaatgtggca
g-tcatctgt
agggagaatg
agaacgacca
gaaaaaggga
ctgagaacat
acatggacta
tgctgtaagce
czgtgcagcc
aacgccatgg
aaaaccccac
tcaatctggg
gagga

the Zika virus may comprise the genome sequence of

GenBank Accession number KU501215.1. In some embodiments, the Zika virus is from

strain PRVABC59. In some embodiments the genome sequence of GenBank Accession

number KU501215.1 comprised 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
T2%, at least 73%, at least 74%,at least 75%, at least 76%, at least 77%, at least 78%, at

least 79%, 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: 2.

[0067]

In some embodiments, the Zika virus may comprise a polypeptide encoded by

the sequence of SEQ ID NO: 2. In some embodiments, the Zika virus may comprise a

polypeptide having an amino acid sequence that has 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
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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.

[0068] Accordingly, in some embodiments, Zika viruses of the present disclosure may
be used in any of the vaccines and/or immunogenic compositions disclosed herein. For
example, 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 inducing an immune response, such as a protective immune response, against Zika

virus in a subject in need thereof.

Viral Antigens

[0069] In some embodiments, the present disclosure relates to one or more antigens
from any Zika virus described herein useful in vaccines and/or immunogenic compositions
including, without limitation, purified viruses, inactivated viruses, attenuated viruses,
recombinant viruses, or purified and/or recombinant viral proteins for subunit vaccines. In
some embodiments, the vaccines and/or immunogenic compositions include inactivated

whole viruses.

[0070] Antigens of the present disclosure may be any substance capable of eliciting an
immune response. Examples of suitable antigens include, but are not limited to, whole
virus, attenuated virus, inactivated virus, proteins, polypeptides (including active proteins
and individual polypeptide epitopes within proteins), glycopolypeptides, lipopolypeptides,
peptides, polysaccharides, polysaccharide conjugates, peptide and non-peptide mimics of
polysaccharides and other molecules, small molecules, lipids, glycolipids, and

carbohydrates.

[0071] Antigens of the present disclosure may be from any Zika virus (e.g., a Zika virus
clonal isolate) produced 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, A.t. GRIP-1 cells, A.t. GRIP-2 cells, A.t. GRIP-
3 cells, UM-AVEI1 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
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stephensi, Anopheles albimus, Culex quinquefasciatus, Culex theileri, Culex
tritaeniorhynchus, Culex bitaeniorhynchus, and/or Toxorhynchites amboinensis), and
mammalian 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 W0Q97/37001) cells, BHK21-F cells,
HKCC cells, or Chinese hamster ovary cells (CHO cells). In some embodiments, antigens
of the present disclosure are from a Zika virus (e.g., a Zika virus clonal isolate) produced
from a non-human cell (e.g., via plaque purification). In some embodiments, antigens of the
present disclosure are from a Zika virus (e.g., a Zika virus clonal isolate) produced from an
insect cell (e.g., via plaque purification). In some embodiments, antigens of the present
disclosure are from a Zika virus (e.g., a Zika virus clonal isolate) produced from a mosquito
cell (e.g., via plaque purification). In some embodiments, antigens of the present disclosure
are from a Zika virus (e.g., a Zika virus clonal isolate) produced from a mammalian cell
(e.g., via plaque purification). In some embodiments, antigens of the present disclosure are
from a Zika virus (e.g., a Zika virus clonal isolate) produced from a VERO cell (e.g., via
plaque purification). Methods of purifying a virus by performing plaque purification are

known to one of ordinary skill in the art (See e.g., Example 1 below).

[0072] Antigens of the present disclosure may include at least one non-human cell
adaptation mutation. Adaptation mutations may be generated by adapting a virus to growth
in a particular cell line. For example, a cell may be transfected or electroporated with a
virus, RNA transcribed from a virus (e.g., an infectious virus), and/or RNA purified from a
whole virus and passaged such that the virus and/or viral RNA replicates and its nucleic
acid mutates. Nucleic acid mutations may be point mutations, insertion mutations, or
deletion mutations. Nucleic acid mutations may lead to amino acid changes within viral
proteins that facilitate growth of the virus in a non-human cell. Adaptation mutations may
facilitate phenotypic changes in the virus, including altered plaque size, growth kinetics,
temperature sensitivity, drug resistance, virulence, and virus yield in cell culture. These
adaptive mutations may be useful in vaccine manufacture by increasing the speed, yield,
and consistency of virus cultured in a cell line. Adaptive mutations may change (e.g.,
enhance) immunogenicity of viral antigens by altering the structure of immunogenic
epitopes. In addition, adaptive mutations may also increase the genetic stability of the virus
and/or reduce or otherwise inhibit the development of undesirable mutations in the virus

through multiple (e.g., at least five, at least six, at least seven, at least eight, at least nine, at
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least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at

least 18, at least 19, at least 20, or more) passages.

[0073] Accordingly, in certain embodiments, antigens of the present disclosure include
at least one non-human cell adaptation mutation. In certain embodiments, the adaptation
mutation is a mutation of a viral antigen to a non-human cell. In some embodiments, the
non-human cell is a mammalian cell. Any suitable mammalian cell known in the art may be
used, including, without limitation, 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 W097/37001) cells,
BHK21-F cells, HKCC cells, or Chinese hamster ovary cells (CHO cells). In some
embodiments, the non-human cell is a monkey cell. In some embodiments, the monkey cell
is from a Vero cell line. Any suitable Vero cell line known in the art may be used,
including, without limitation, WHO Vero 10-87, ATCC CCL-81, Vero 76 (ATCC
Accession No. CRL-1587), or Vero C1008 (ATCC Accession No. CRL-1586). In some
embodiments, the Vero cell line is WHO Vero 10-87.

[0074] Zika viruses possess a positive sense, single-stranded RNA genome encoding
both structural and nonstructural polypeptides. The genome also contains 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 limitation, capsid (C),
precursor membrane (prM), and envelope (E). Non-structural (NS) polypeptides encoded
by these viruses include, without limitation, NS1, NS2A, NS2B, NS3, NS4A, NS4B, and
NS5.

[0075] In certain embodiments, antigens of the present disclosure may contain at least
one (e.g., al least one, at least two, at least three, at least [our, at least [ive, at least six, at
least seven, at least eight, at least nine, at least 10, at least 11, at least 12, at least 13, at least
14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, ezc.) non-human
cell adaptation mutations within one or more (e.g., one or more, two or more, three or more,
[our or more, (ive or more, six or more, seven or more, eight or more, nine or more, or all
ten) viral antigens/polypeptides, including, without limitation, C, prM, E, NS1, NS2A,
NS2B, NS3, NS4A, NS4B, and NS5. In some embodiments, antigens of the present
disclosure include at least one non-human cell adaptation mutation in Zika virus Non-

structural protein 1 (NS1). In some embodiments, antigens of the present disclosure include

25

Page 43 of 139



Attorney Docket No.: 606773001301

whole, inactivated virus that may contain at least one (e.g., at least one, at least two, at least
three, at least four, at least five, at least six, at least seven, at least eight, at least nine, at
least 10, efc.) non-human cell adaptation mutations. In some embodiments, antigens of the
present disclosure include whole, inactivated virus that may contain at least one non-human

cell adaptation mutation in Zika virus Non-structural protein 1 (NS1).

[0076] In some embodiments, the at least one non-human cell adaptation mutation is
within the NS1 polypeptide. The amino acid sequence of a wild-type, non-cell adapted NS1

polypeptide from an exemplary Zika virus strain is set forth as:

DVGCSVDFSKKETRCGTGVFVYNDVEAWRDRYKYHPDSPRRLAAAVKQAWEDGI
CGISSVSRMENIMWRSVEGELNAILEENGVQLTVVVGSVKNPMWRGPQRLPVPVN
ELPHGWKAWGKSYFVRAAKTNNSFVVDGDTLKECPLKHRAWNSFLVEDHGFGVF
HTSVWLKVREDYSLECDPAVIGTAVKGKEAVHSDLGYWIESEKNDTWRLKRAHLI
EMKTCEWPKSHTLWTDGIEESDLIIPKSLAGPLSHHNTREGYRTQMKGPWHSEELE
IRFEECPGTKVHVEETCGTRGPSLRSTTASGRVIEEWCCRECTMPPLSFRAKDGCW
YGMEIRPRKEPESNLVRSMVT (SEQ ID NO: 1).

[0077] 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 KU501215.1 (SEQ ID NO: 2). In some
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 KU501215.1. In some embodiments, amino acid sequence of the NS1

polypeptide may be from Zika virus strain PRVABCS59.

[0078] In some embodiments, the at least one non-human cell adaptation 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 NO: 1, or at a position
corresponding to position 98 of SEQ ID NO: 1 when aligned to SEQ ID NO: 1 using a
pairwise alignment algorithm. In some embodiments, the mutation at position 98 is a

tryptophan to glycine substitution.

26

Page 44 of 139



Attorney Docket No.: 606773001301

[0079] In some embodiments, antigens of the present disclosure contain at least one
non-human cell adaptation mutation within the NS1 protein, and contain at least one
mutation (e.g., at least one adaptation mutation) within one or more of the C, prM, E, NSI,
NS2A, NS2B, NS3, NS4A, NS4B, and NS5 viral proteins. In some embodiments, antigens
of the present disclosure contain one or more non-human cell adaptation mutations within
the NS1 protein, and do not contain at least one mutation (e.g., at least one non-human cell
adaptation mutation) within one or more of the C, prM, E, NS1, NS2A, NS2B, NS3, NS4A,
NS4B, and NS5 viral proteins. In some embodiments, antigens of the present disclosure
contain at least one non-human cell adaptation mutation within the NS1 protein and do not
contain at least one mutation (e.g., at least one non-human cell adaptation mutation) within
the envelope protein E. In some embodiments, antigens of the present disclosure include
whole, inactivated virus that contains at least one non-human cell adaptation mutation in
Zika virus Non-structural protein 1 (NS1), and do not include a mutation in Zika virus

envelope protein E (Env).

[0080] In some embodiments, antigens of the present disclosure, such as Zika virus,
contain at least one non-human cell adaptation mutation that enhances genetic stability as
compared to a Zika virus lacking the at least one adaptation mutation. In some
embodiments, antigens of the present disclosure, such as Zika virus, contain at least one
non-human cell adaptation mutation that enhances viral replication as compared to a Zika
virus lacking the at least one adaptation mutation. In some embodiments, antigens of the
present disclosure, such as Zika virus, contain at least one non-human cell adaptation
mutation reduces or otherwise inhibits the occurrence of undesirable mutations, such as

within the envelope protein E (Env) of the Zika virus.

[0081] In the above embodiments of the present disclosure, an exemplary pairwise
alignment algorithm is the Needleman-Wunsch global alignment algorithm, using default
parameters (e.g. with Gap opening penalty=10.0, and with Gap extension penalty=0.5,
using the EBLOSUMSG62 scoring matrix). This algorithm is conveniently implemented in the
needle tool in the EMBOSS package.

[0082] In some embodiments, antigens of the present disclosure from a Zika virus may
be used in any of the vaccines and immunogenic compositions of the present disclosure.

For example, the antigens of the present disclosure may be useful for treating or preventing
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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 Vaccines and Immunogenic Compositions

[0083] Other aspects of the present disclosure relate to Zika virus vaccines and
immunogenic compositions containing one or more antigens of the present disclosure from
at least one Zika virus. Such vaccines and immunogenic compositions may be useful, for
example, 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. Vaccines and/or immunogenic compositions of the present
disclosure may include, without limitation, purified viruses, inactivated viruses, attenuated
viruses, recombinant viruses, purified and/or recombinant viral proteins for subunit
vaccines. Vaccines and/or immunogenic compositions of the present disclosure may further
include a purified antigen vaccine or immunogenic composition, a subunit vaccine or
immunogenic composition, an inactivated whole virus vaccine or immunogenic

composition, or an attenuated virus vaccine or immunogenic composition.

[0084] Production of vaccines and/or immunogenic compositions of the present
disclosure includes growth of Zika virus, with antigens being prepared from the grown
virus. Growth in cell culture is a method for preparing vaccines and/or immunogenic
compositions of the present disclosure. Cells for viral growth may be cultured in suspension

or in adherent conditions.

[0085] Cell lines suitable for growth of the at least one virus of the present disclosure
are preferably of mammalian origin, and 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 W0O97/37001),
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 WOO01/38362 and W002/40665, and
as deposited under ECACC deposit number 96022940). In preferred embodiments,

mammalian cells are utilized, and may be selected from and/or derived from one or more of

28

Page 46 of 139



Attorney Docket No.: 606773001301

the following non-limiting cell types: fibroblast cells (e.g. dermal, lung), 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. W097/37000 and
W097/37001 describe production of animal cells and cell lines that capable of growth in
suspension and in serum free media and are useful in the production and replication of

viruses.

[0086] Culture conditions for the above cell types are known and described in a variety
of publications, or alternatively culture medium, supplements, and conditions may be
purchased commercially, such as for example, as described in the catalog and additional

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

[0087] 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 in which there are no additives from 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.

[0088] Known serum-[ree media include Iscove's medium, Ultra-CHO medium
(BioWhittaker) or EX-CELL (JRH Bioscience). Ordinary serum-containing media include
Eagle'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% [etal call 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
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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 ruled out.

[0089] 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.

[0090] 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 plaque purification.
The cultured cells are inoculated with a virus (measured by PFU or TCID50) to cell ratio of
1:500 to 1:1, preferably 1:100 to 1:5. The virus is 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 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 5, more
preferably to 0.001 to 2. Still more preferably, the cells are infected at an MOI of about
0.01. Infected cells may be harvested from 30 to 60 hours post infection, or 3 to 10 days
post infection. In certain preferred embodiments, the cells are harvested 3 to 7 days post
infection. More preferably, the cells are harvested 3 to 5 days post infection. In some
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 virus may be isolated or otherwise purified from the supernatant.

[0091] 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,
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rhinovirus, reoviruses, polyomaviruses, birnaviruses, circoviruses, and/or parvoviruses

[WO2006/027698].

[0092] 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 vaccine, in order to minimize
any oncogenic activity of the host cell DNA. Contaminating DNA can be removed during
vaccine preparation using standard purification procedures e.g. chromatography, etc.
Removal of residual host cell DNA can be enhanced by nuclease treatment e.g. by using a
DNase. A convenient method for reducing host cell DNA contamination is disclosed in
references (Lundblad (2001) Biotechnology and Applied Biochemistry 34:195-197,
Guidance for Industry: Bioanalytical Method Validation. U.S. Department of Health and
Human Services Food and Drug Administration Center for Drug Evaluation and Research
(CDER) Center for Veterinary Medicine (CVM). May 2001.) involving a two-step
treatment, first using a DNase (e.g. Benzonase), which may be used during viral growth,
and then a cationic detergent (e.g. CTAB), which may be used during virion disruption.

Removal by B-propiolactone treatment can also be used.
Production of Antigens

[0093] Antigens of the present disclosure for use in vaccines and/or immunogenic
compositions including, without limitation, purified viruses, inactivated viruses, attenuated
viruses, recombinant viruses, or purified and/or recombinant viral proteins for subunit
vaccines Lo treat and/or prevent Zika virus infection and/or induce an immune response,
such as a protective immune response, against Zika virus, may be produced and/or purified
or otherwise isolated by any suitable method known in the art. Antigens of the present
disclosure may include, without limitation, whole virus, attenuated virus, inactivated virus,
proteins, polypeptides (including active proteins and individual polypeptide epitopes within
proteins), glycopolypeptides, lipopolypeptides, peptides, polysaccharides, polysaccharide
conjugates, peptide and non-peptide mimics of polysaccharides and other molecules, small
molecules, lipids, glycolipids, and carbohydrates produced, derived, purified, and/or
otherwise isolated [rom a Zika virus. For example, suilable antigens may include, without
limitation, structural polypeptides such as C, prM, and/or E, and non-structural

polypeptides, such as NS1, NS2A, NS2B, NS3, NS4A, NS4B, and/or NS5 from Zika virus.
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[0094] Antigen of the present disclosure may be synthesized chemically or
enzymatically, produced recombinantly, isolated from a natural source, or a combination of
the foregoing. In certain embodiments, antigens of the present disclosure are produced,
purified, isolated, and/or derived from at least one Zika vitus of the present disclosure.
Antigens of the present disclosure may be purified, partially purified, or a crude extract. In
some embodiments, antigens of the present disclosure are viruses, such as inactivated
viruses, produced as described in the above section entitled “Production of Vaccines and

Immunogenic Compositions.™

[0095] In certain embodiments, one or more antigens of the present disclosure may be
produced by culturing a non-human cell. Cell lines suitable for production of the one or
more antigens of the present disclosure may include insect cells (e.g., any of the mosquito
cells described herein). Cell lines suitable for production of the one or more antigens 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 MDCK (NBL2) or MDCK 33016, deposit
number DSM ACC 2219 as described in W097/37001), 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 W0O01/38362 and W0O02/40665, and as deposited under
ECACC deposit number 96022940). In preferred embodiments, 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 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. W0O97/37000 and
‘W097/37001 describe production of animal cells and cell lines that capable of growth in
suspension and in serum free media and are useful in the production of viral antigens. In

certain embodiments, the non-human cell is cultured in serum-free media.

32

Page 50 of 139



Attorney Docket No.: 606773001301

[0096] Polypeptide antigens may be isolated from natural sources using standard
methods of protein purification known in the art, including, but not limited to, liquid
chromatography (e.g., high performance liquid chromatography, fast protein liquid
chromatography, efc.), size exclusion chromatography, gel electrophoresis (including one-
dimensional gel electrophoresis, two-dimensional gel electrophoresis), affinity
chromatography, or other purification technique. In many embodiments, the antigen is a
purified antigen, e.g., from about 50% to about 75% pure, from about 75% to about 85%
pure, from about 85% to about 90% pure, from about 90% to about 95% pure, from about

95% to about 98% pure, from about 98% to about 99% pure, or greater than 99% pure.

[0097] One may employ solid phase peptide synthesis techniques, where such
techniques are known to those of skill in the art. See Jones, The Chemical Synthesis of
Peptides (Clarendon Press, Oxford) (1994). Generally, in such methods a peptide is
produced through the sequential additional of activated monomeric units to a solid phase

bound growing peptide chain.

[0098] Well-established recombinant DNA techniques can be employed for production
of polypeptides, where, e.g., an expression construct comprising a nucleotide sequence
encoding a polypeptide is introduced into an appropriate host cell (e.g., a eukaryotic host
cell grown as a unicellular entity in in vitro cell culture, e.g., a yeast cell, an insect cell, a
mammalian cell, etc.) or a prokaryotic cell (e.g., grown in in vitro cell culture), generating a
genetically modified host cell; under appropriate culture conditions, the protein is produced

by the genetically modified host cell.

[0099] Besides killed and attenuated virus immunogenic compositions, one can use a
subunit immunogenic composition or other type of immunogenic composition which
presents o the animal the antigenic components of Zika virus. The antigenic component
may be a protein, glycoprotein, lipid-conjugated protein or glycoprotein, a modified lipid
moiety, or other viral component which, when injected into a human, stimulates an immune
response in the human such that the human develops protective immunity against Zika
virus. For a subunil immunogenic composition, the virus can be cultured on mammalian
cells, as described above. The cell culture can be homogenized and an immunogenic
composition can be isolated by passage of the cell culture homogenate over the appropriate
column or through the appropriate pore size filter or via centrifugation of the cell culture

homogenate.
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[0100] If the antigenic component is a protein, then one can isolate the nucleic acid which
encodes that protein and generate an immunogenic composition that contains that isolated
nucleic acid. The nucleic acid encoding the antigenic component can be placed on a plasmid
downstream of a signal sequence of a eukaryotic promoter. That plasmid can contain one or
more selectable markers and be transfected into an attenuated prokaryotic organism, such as
Salmonella spp., Shigella spp., or other suitable bacteria. The bacteria can then be
administered to the human so that the human can generate a protective immune response to
the antigenic component. Alternatively, the nucleic acid encoding the antigenic component
can be placed downstream of a prokaryotic promoter, have one or more selectable markers,
and be transfected into an attenuated prokaryotic organism such as Salmonella spp., Shigella
spp., or other suitable bacteria. The bacteria can then be administered to the eukaryotic
subject for which immune response to the antigen of interest is desired. See, for example,

U.S. Pat. No. 6,500,419.

[0101] For a subunit immunogenic composition, the nucleic acid encoding a
proteinaceous antigenic component of a Zika virus can be cloned into a plasmid such as those
described in International Patent Application Publication Number WO 00/32047 (Galen) and
International Patent Application Publication Number WO 02/083890 (Galen). Then the
plasmid can be transfected into bacteria and the bacteria can produce the desired antigenic
protein. One can isolate and purify the desired antigenic protein by a variety of methods

described in both patent applications.

Virus Inactivation

[0102] Certain aspects of the present disclosure relate to Zika virus vaccines and
immunogenic compositions containing one or more antigens from a Zika virus. Vaccines
and/or immunogenic compositions ol the present disclosure may include a purified virus, a
whole virus, a recombinant virus, a live attenuated whole virus or, preferably, an inactivated
whole virus, or subunits, polypeptides, and/or antigens from an inactivated virus. As such,
certain embodiments of the present disclosure relate to Zika virus vaccines and/or
immunogenic compositions containing one or more antigens [rom at least one inactivated
Zika virus. Methods of inactivating or killing viruses to destroy their ability to infect
mammalian cells are known in the art. Such methods include both chemical and physical
means. Suitable means for inactivating a virus include, without limitation, treatment with an

effective amount of one or more agents selected from detergents, formalin (also referred to
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herein as “formaldehyde’), beta-propiolactone (BPL), binary ethylamine (BEI), acetyl
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 (C60) and any combination of any thereof.

[0103] In certain embodiments of the present disclosure the at least one 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
least one virus is chemically inactivated with one or more of BPL, formalin, or BEL In
certain embodiments where the at least one virus is chemically 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. In certain embodiments where the at least one virus is chemically inactivated with
formalin, the 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 vaccine or immunogenic
composition further includes formalin. In certain embodiments where the at least one virus is
chemically inactivated with BEI, 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.

[0104] 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).

[0105] Certain embodiments of the present disclosure relate to a method for inactivating a

Zika virus preparation. In some embodiments, the method involves (a) isolating the Zika

35

Page 53 of 139



Attorney Docket No.: 606773001301

virus preparation from one or more non-human cells that are used to produce the virus
preparation and (b) treating the virus preparation with an effective amount of formalin. In
certain embodiments, treating with an effective amount of formalin includes, without
limitation, treating with formalin in an amount that ranges from about 0.001% v/v to about
3.0% v/v. For example, treating with an effective amount of formalin may include treating
with formalin in an amount that ranges from about 0.001% to about 3.0% v/v, about 0.005%
to about 2.0% v/v, or about 0.01% to about 1.0% v/v, or in an amount of about 0.001%, about
0.0025%, about 0.005%, about 0.0075%, about 0.01%, about 0.02%, about 0.03%, about
0.04%, about 0.05%, about 0.06%, about 0.07%, about 0.08%, about 0.09%, about 0.1%,
about 0.2%, about 0.3%, about 0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%, about
0.9%, about 1.0%, about 1.25%, about 1.5%, about 1.75%, about 2.0%, about 2.25%, about
2.5%, about 2.75%, or about 3.0% v/v.

[0106] In certain embodiments of the method, the Zika virus preparation is treated with
formalin at a temperature that ranges from about 2°C to about 42°C. For example, the Zika
virus preparation may be treated with formalin at a temperature that ranges from about 2°C to
about 42°C, about 2°C to about 8°C, about 15°C to about 37°C, about 17°C to about 27°C,
about 20°C to about 25°C, or at a temperature of about 2°C, about 4°C, about §°C, about 10°C,
about 15°C, about 17°C, about 18°C, about 19°C, about 20°C, about 21°C, about 22°C, about
23°C, about 24°C, about 25°C, about 26°C, about 27°C, about 28°C, about 29°C, about 30°C,
about 37°C, or about 42°C. In some embodiments, the Zika virus preparation is treated with

formalin at room temperature.

[0107] In some embodiments, the Zika virus preparation is treated with formalin for at
last about 1 day. For example, the Zika virus preparation may be treated with formalin for at
least about 1 day, at least about 2 days, at least about 3 days, at least about 4 days, at least
about 5 days, at least about 6 days, at least about 7 days, at least about 8 days, at least about 9
das, at least about 10 days, at least about 11 days, at least about 12 days, at least about 13
days, at least about 14 days, at least about 15 days, at least about 16 days, at least about 17
days, at least about 18 days, at least about 19 days, at least about 20 days, at least about 21
days, at least about 22 days, at least about 23 days, at least about 24 days, at least about 25
days, at least about 26 days, at least about 27 days, at least about 28 days, at least about 29
days, at least about 30 days, or more. In some embodiments, the Zika virus preparation is

treated with formalin for at least about 9 days. In some embodiments, the Zika virus
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preparation is treated with formalin for at least about 11 days. In some embodiments, the Zika
virus preparation is treated with formalin for at least about 14 days. In some embodiments,
the Zika virus preparation is treated with formalin for at least about 20 days. In some

embodiments, the Zika virus preparation is treated with formalin for at least about 30 days.

[0108] In some embodiments, the method further involves neutralizing unreacted
formalin with an effective amount of sodium metabisulfite. In some embodiments, the
effective amount of sodium metabisulfite ranges from about 0.01 mM to about 100 mM. For
example, the sodium metabisulfite may be added at an effective concentration of from about
0.01 mM to about 100 mM, from about 0.1 mM to about 50 mM, from about 0.5 mM to
about 20mM, or from about 1 mM to about 10 mM, or at a concentration of about 0.01mM,
about 0.05mM, about 0.1mM, about 0.25mM, about 0.5mM, about 0.75mM, about 1mM,
about 2mM, about 3mM, about 4mM, about SmM, about 6mM, about 7mM, about 8mM,
about 9mM, about 10mM, about 20mM, about 30mM about 40mM, about 50mM, about
75mM or about 100mM. In some embodiments, the formalin is neutralized with about 2mM

sodium metabisulfite.

[0109] In some embodiments, the method involves (a) isolating the Zika virus preparation
from one or more non-human cells that are used to produce the virus preparation; (b) treating
the virus preparation with an effective amount of formalin; (c) neutralizing the virus
preparation with an effective amount of sodium metabisulfite; and (d) purifying the
neutralized virus preparation. Any method of purifying a virus preparation known in the art
may be employed, including, without limitation, using cross flow filtration (CFF),
multimodal chromatography, size exclusion chromatography, cation exchange
chromatography, and/or anion exchange chromatography. In some embodiments, the
neutralized virus preparation is purified 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 80%, about 85%, about 90%, about 91 %, about 92%, about 93%, about 94%, about
95% about 96%, about 97 %, about 98%, about 99%, or more.

[0110] The vaccines and/or immunogenic compositions ol the present disclosure
containing one or more antigens from at least one 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.
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Adjuvants

[0111] Other aspects of the present disclosure relate to Zika virus vaccines and/or
immunogenic compositions containing one or more antigens from at least one Zika virus
described herein in combination with one or more adjuvants. Such adjuvanted vaccines
and/or immunogenic compositions of the present disclosure 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.

[0112] Various methods of achieving an adjuvant effect for vaccines are known and may
be used in conjunction with the Zika virus vaccines and/or immunogenic compositions
disclosed herein. General principles and methods are detailed in "The Theory and Practical
Application of Adjuvants", 1995, Duncan E. S. Stewart-Tull (ed.), John Wiley & Sons Ltd,
ISBN 0-471-95170-6, and also in "Vaccines: New Generation Immunological Adjuvants”,
1995, Gregoriadis G et al. (eds.), Plenum Press, New York, ISBN 0-306-45283-9.

[0113] In some embodiments, a Zika virus vaccine or immunogenic composition includes
the antigens and an adjuvant. Antigens may be in a mixture with at least one adjuvant, at a
weight-based ratio of from about 10:1 to about 10":1 antigen:adjuvant, e.g., from about 10:1
to about 100:1, from about 100:1 to about 103:1, from about 10%:1 to about 104:1, from about
10*1 to about 10°:1, from about 10’:1 to about 10° 1, from about 10°:1 to about 10”:1, from
about 107:1 (o about 108:1, from about 10%:1 1o about 109:1, or [rom about 10%:1 to about
10":1 antigen:adjuvant. One of skill in the art can readily determine the appropriate ratio
through information regarding the adjuvant and routine experimentation to determine optimal

ratios.

[0114] Exemplary adjuvants may include, but are not limited to, 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, muramyl
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, liposomes, Complete Freund’s Adjuvant (CFA), and
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Incomplete Freund’s Adjuvant (IFA). In some embodiments, the adjuvant is an aluminum

salt.

[0115] In some embodiments, the adjuvant includes at least one of alum, aluminum
phosphate, aluminum hydroxide, potassium aluminum sulfate, and Alhydrogel 85. In some
embodiments, aluminum salt adjuvants of the present disclosure have been found to increase
adsorption of the antigens of the Zika virus vaccines and/or immunogenic compositions 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.

[0116] In some embodiments, the vaccine or immunogenic composition includes an
aluminum salt adjuvant (e.g., alum) from about 1 ug to about 500 pg, about 5 pg to about 500
pg, about 10 pg to about 500 pg, about 15 pg to about 500 pg, about 25 pg to about 500 pg,
about 50 pg to about 500 pg, about 75 pg to about 500 pg, about 100 pg to about 500 pg,
about 125 pg to about 500 pg, about 150 pg to about 500 ug, about 175 pg to about 500 pg,
about 200 pg to about 500 pg, about 225 pg to about 500 pug, about 250 pg to about 500 pg,
about 275 pg to about 500 pg, about 300 pg to about 500 pg, about 325 pg to about 500 pg,
about 350 pg to about 500 pg, about 375 pg to about 500 pg, about 400 pg to about 500 pg,
about 425 pg to about 500 pg, about 450 pg to about 500 ug, about 475 pg to about 500 pg,
about 1 pg to about 475 pg, about 5 ug to about 475 pg, about 10 pg to about 475 pg, about
15 pg to about 475 pg, about 25 ug to about 475 ug, about 50 ug to about 475 ng, about 75
pg to about 475 pg, about 100 pg to about 475 pg, about 125 pg to about 475 pg, about 150
pg to about 475 pg, about 175 pg to about 475 pg, about 200 pg to about 475 pg, about 225
pg to about 475 pg, about 250 pg to about 475 pg, about 275 pg to about 475 pg, about 300
ug to about 475 ug, about 325 pg to about 475 pg, about 350 pg to about 475 pg, about 375
pg to about 475 pg, about 400 pg to about 475 pg, about 425 pg to about 475 pg, about 450
pg to about 475 pg, about 1 pg to about 450 pug, about 5 pg to about 450 ug, about 10 pg to
about 450 pg, about 15 pg to about 450 pg, about 25 ug to about 450 ug, about 50 pg to
about 450 pg, about 75 pg to about 450 pg, about 100 pg to about 450 pg, about 125 pg to
about 450 pg, about 150 pg to about 450 pg, about 175 pg to about 450 pg, about 200 pg to
about 450 pg, about 225 pg to about 450 pg, about 250 pg to about 450 pg, about 275 pg to
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about 450 pg, about 300 pg to about 450 pg, about 325 ug to about 450 pg, about 350 pg to
about 450 pg, about 375 pg to about 450 pg, about 400 pg to about 450 pg, about 425 pg to
about 450 pg, about 1 pg to about 425 pg, about 5 g to about 425 g, about 10 pg to about
425 ug, about 15 ug to about 425 pg, about 25 pg to about 425 pg, about 50 pg to about 425
pg, about 75 pg to about 425 pg, about 100 pg to about 425 g, about 125 pg to about 425
pg, about 150 pg to about 425 pg, about 175 pg to about 425 pg, about 200 pg to about 425
pg, about 225 pg to about 425 pg, about 250 pg to about 425 pg, about 275 pg to about 425
pg, about 300 pg to about 425 pg, about 325 pg to about 425 pg, about 350 pg to about 425
ug, about 375 pg to about 425 ng, about 400 pg to about 425 pg, about 1 pg to about 400 ng,
about 5 pg to about 400 pg, about 10 pg to about 400 pg, about 15 pg to about 400 pg, about
25 pg to about 400 pg, about 50 pg to about 400 pg, about 75 pg to about 400 pg, about 100
pg to about 400 pg, about 125 pg to about 400 pg, about 150 pg to about 400 pg, about 175
pg to about 400 pg, about 200 pg to about 400 pg, about 225 pg to about 400 ug, about 250
pg to about 400 pg, about 275 g to about 400 pg, about 300 pg to about 400 pg, about 325
pg to about 400 pg, about 350 g to about 400 pg, about 375 pg to about 400 pg, about 1 ug
to about 375 pg, about 5 pg to about 375 ng, about 10 pg to about 375 pg, about 15 pg to
about 375 pg, about 25 pg to about 375 pg, about 50 ug to about 375 ug, about 75 pg to
about 375 pg, about 100 pg to about 375 pg, about 125 pg to about 375 pg, about 150 pg to
about 375 pg, about 175 pg to about 375 pg, about 200 pg to about 375 pg, about 225 pg to
about 375 pg, about 250 pg to about 375 pg, about 275 pg to about 375 pg, about 300 pg to
about 375 pg, about 325 pg to about 375 pg, about 350 pg to about 375 pug, about 1 pg to
about 350pg, about 5 pg to about 350ug, about 10 pg to about 350ug, about 15 pg to about
350pg, about 25 pg to about 350ug, about 50 ug to about 350ug, about 75 pg to about
350pg, about 100 pg to about 350pug, about 125 pg to about 350pg, about 150 pg to about
350pg, about 175 pg to about 350pg, about 200 pg to about 350pg, about 225 ug to about
350ug, about 250 pg to about 350pug, about 275 ug to about 350ug, about 300 g to about
350pg, about 325 pg to about 350ug, about 1 ug to about 325 pg, about 5 ug to about 325
pg, about 10 pg to about 325 pg, about 15 pg to about 325 pg, about 25 pg to about 325 pg,
about 50 pg to about 325 pg, about 75 pg to about 325 pg, about 100 pg to about 325 ug,
about 125 pg to about 325 pg, about 150 pg to about 325 g, about 175 pg to about 325 pg,
about 200 pg to about 325 pg, about 225 ng to about 325 pg, about 250 pg to about 325 ng,
about 275 pg to about 325 pg, about 300 pg to about 325 pg, about 1 pg to about 300 pg,
about 5 pg to about 300 pg, about 10 pg to about 300 pg, about 15 pg to about 300 pg, about
25 pg to about 300 pg, about 50 pg to about 300 pg, about 75 pg to about 300 ug, about 100
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pg to about 300 pg, about 125 pg to about 300 pg, about 150 pg to about 300 pg, about 175
ng to about 300 pg, about 200 pg to about 300 pg, about 225 pg to about 300 pg, about 250
pg to about 300 pg, about 275 pg to about 300 pg, about 1 pg to about 275 pg, about 5 pg to
about 275 g, about 10 ug to about 275 pg, about 15 pg to about 275 pg, about 25 pg to
about 275 pg, about 50 pg to about 275 pg, about 75 pg to about 275 ng, about 100 pg to
about 275 ng, about 125 pg to about 275 pg, about 150 pg to about 275 pg, about 175 pg
to about 275 pg, about 200 pg to about 275 pg, about 225 ug to about 275 pg, about 250
pg to about 275 pg, about 1 pg to about 250 pg, about 5 pg to about 250 pg, about 10 ug to
about 250 pg, about 15 pg to about 250 pg, about 25 ng to about 250 pg, about 50 ug to
about 250 pg, about 75 pg to about 250 pg, about 100 pg to about 250 pg, about 125 pg to
about 250 pg, about 150 pg to about 250 pg, about 175 pg to about 250 pg, about 200 pg to
about 250 pg, about 225 pg to about 250 pg, about 1 ug to about 225 pg, about 5 g to about
225 pg, about 10 pg to about 225 ng, about 15 pg to about 225 pg, about 25 pg to about 225
pg, about 50 pg to about 225 pg, about 75 pg to about 225 pg, about 100 pg to about 225 pg,
about 125 pg to about 225 pg, about 150 pg to about 225 ug, about 175 pg to about 225 pg,
about 200 pg to about 225 pg, about 1 pg to about 200 pg, about 5 pg to about 200 pg, about
10 pg to about 200 pg, about 15 pg to about 200 pg, about 25 pg to about 200 pg, about 50
pg to about 200 pg, about 75 ug to about 200 pg, about 100 pg to about 200 pg, about 125
pg to about 200 pg, about 150 pg to about 200 pg, about 175 pg to about 200 pg, about 1 pg
to about 175 pg, about 5 pg to about 175 pg, about 10 pg to about 175 pg, about 15 pg to
about 175 pg, about 25 pg to about 175 pg, about 50 ug to about 175 ug, about 75 pg to
about 175 pg, about 100 pg to about 175 pg, about 125 pg to about 175 pg, about 150 pg to
about 175 pg, about 1 ng to about 150 pg, about 5 pg to about 150 pg, about 10 pg to about
150 pg, about 15 pg to about 150 ug, about 25 pg to about 150 pg, about 50 pg to about 150
pg, about 75 g to about 150 pg, about 100 pg to about 150 pg, about 125 pg to about 150
pg, about 1 pug to about 125 pg, about 5 pg to about 125 pg, about 10 pg to about 125 pg,
about 15 pg to about 125 pg, about 25 pg to about 125 pg, about 50 ug to about 125 pg,
about 75 ug to about 125 pg, about 100 pg to about 125 pg, about 1 pug to about 100 pg,
about 5 pg to about 100 pg, about 10 pg to about 100 pg, about 15 pg to about 100 pg,
about 25 ng to about 100 pg, about 50 pg to about 100 pg, about 75 pg to about 100 pg,
about 1 pg to about 75 pg, about 5 pg to about 75 pg, about 10 pg to about 75 pg, about 15
pg to about 75 pg, about 25 pg to about 75 pg, about 50 pg to about 75 pg, about 1 ug to
about 50 pg, about 5 pg to about 50 pg, about 10 pg to about 50 pg, about 15 pg to about 50
pg, about 25 pg to about 50 ug, about 1 pg to about 25 pg, about 5 g to about 25 pg, about

41

Page 59 of 139



Attorney Docket No.: 606773001301

10 pg to about 25 pg, about 15 pg to about 25 pg, about 1 pg to about 15 pg, about 5 pg to
about 15 ng, about 10 pg to about 15 pg, about 1 pg to about 10 pg, about 5 pg to about 10
pg, or about 1 pg to about 5 ug per dose. In some embodiments, the vaccine or immunogenic
composition includes an aluminum salt adjuvant (e.g., alum) at about 1 pg, about 5 pg, about
10 pg, about 15 pg, about 25 pg, about 50 pg, about 75 pg, about 100 pg, about 125 pg,
about 150 pg, about 175 pg, about 200 pg, about 225 pg, about 250 pg, about 275 pg, about
300 pg, about 325 ng, about 350 pg, about 375 pg, about 400 pg, about 425 pg, about 450
pg, about 475 pg, or about 500 ug per dose.

[0117] Certain embodiments of the present disclosure include a method for preparing an
adjuvanted Zika virus vaccine or immunogenic composition, which involves (a) mixing the
vaccine or immunogenic composition with an aluminum salt adjuvant, with the vaccine or
immunogenic composition 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 of the method, the mixture is incubated at a temperature that ranges from about
2°C to about 8°C. In some embodiments of the method, the mixture is incubated under
constant mixing using any suitable mixer known in the art. In some embodiments of the
method, the mixture is incubated at pH that ranges in value from about 6.5 to about 8.5, from
about 6.5 to about 8, from about 6.8 to about 7.8, from about 6.9 to about 7.6, from about 7 to
about 7.5, from about 6.8 to about 8.5, from about 6.9 to about 8.5, or from about 7 to about
8.5. In certain preferred embodiments, the mixture is incubated at a neutral pH. In some
embodiments of the method, the aluminum salt adjuvant is selected from alum, aluminum

phosphate, aluminum hydroxide, potassium aluminum sulfate, and Alhydrogel 85.

[0118] Monophosphoryl Lipid A (MLA), a non-toxic derivative of lipid A from
Salmonella, is a potent TLR-4 agonist that has been developed as a vaccine adjuvant (Evans

et al. 2003). In pre-clinical murine studies intranasal MLA has been shown to enhance
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secretory, as well as systemic, humoral responses (Baldridge et al. 2000; Yang et al. 2002). It
has also been proven to be safe and effective as a vaccine adjuvant in clinical studies of
greater than 120,000 patients (Baldrick ez al., 2002; 2004). MLA stimulates the induction of
innate immunity through the TLR-4 receptor and is thus capable of eliciting nonspecific
immune responses against a wide range of infectious pathogens, including both gram
negative and gram positive bacteria, viruses, and parasites (Baldrick er al. 2004; Persing et al.
2002). Inclusion of MLA in intranasal formulations should provide rapid induction of innate
responses, eliciting nonspecific immune responses from viral challenge while enhancing the

specific responses generated by the antigenic components of the vaccine.

[0119] Accordingly, in one embodiment, the present disclosure provides a composition
comprising monophosphoryl lipid A (MLA), 3 De-O-acylated monophosphoryl lipid A (3D-
MLA), or a derivative thereof as an enhancer of adaptive and innate immunity. Chemically
3D-MLA is a mixture of 3 De-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated
chains. A preferred form of 3 De-O-acylated monophosphoryl lipid A is disclosed in
European Patent 0 689 454 B1 (SmithKline Beecham Biologicals SA). In another
embodiment, the present disclosure provides a composition comprising synthetic lipid A,
lipid A mimetics or analogs, such as BioMira’s PET Lipid A, or synthetic derivatives

designed to function like TLR-4 agonists.

[0120] Additional exemplary adjuvants include, without limitation, polypeptide adjuvants
that may be readily added to the antigens described herein by co-expression with the
polypeptide components or fusion with the polypeptide components to produce chimeric
polypeptides. Bacterial flagellin, the major protein constituent of flagella, is an adjuvant
which has received increasing attention as an adjuvant protein because of its recognition by
the innate immune system by the toll-like receptor TLRS (65). Flagellin signaling through
TLRS5 has effects on both innate and adaptive immune functions by inducing DC maturation
and migration as well as activation of macrophages, neutrophils, and intestinal epithelial cells

resulting in production of pro-inflammatory mediators (66-72).

[0121] TLRS recognizes a conserved structure within {lagellin monomers that is unique
to this protein and is required for flagellar function, precluding its mutation in response to
immunological pressure (73). The receptor is sensitive to a 100 fM concentration but does not
recognize intact filaments. Flagellar disassembly into monomers is required for binding and

stimulation.
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[0122] As an adjuvant, flagellin has potent activity for induction of protective responses
for heterologous antigens administered either parenterally or intranasally and adjuvant effects
for DNA vaccines have also been reported. A Th2 bias is observed when flagellin is
employed which would be appropriate for a respiratory virus such as influenza but no
evidence for IgE induction in mice or monkeys has been observed. In addition, no local or
systemic inflammatory responses have been reported following intranasal or systemic
administration in monkeys. The Th2 character of responses elicited following use of flagellin
is somewhat surprising since flagellin signals through TLRS in a MyD88-dependent manner
and all other MyD88-dependent signals through TLRs have been shown to result in a Th1
bias. Importantly, pre-existing antibodies to flagellin have no appreciable effect on adjuvant

efficacy making it attractive as a multi-use adjuvant.

[0123] A common theme in many recent intranasal vaccine trials is the use of adjuvants
and/or delivery systems to improve vaccine efficacy. In one such study an influenza H3
vaccine containing a genetically detoxified E. coli heat-labile enterotoxin adjuvant (LT
R192G) resulted in heterosubtypic protection against H5 challenge but only following
intranasal delivery. Protection was based on the induction of cross neutralizing antibodies and

demonstrated important implications for the intranasal route in development of new vaccines.

[0124] Cytokines, colony-stimulating factors (e.g., GM-CSF, CSF, and the like); tumor
necrosis factor; interleukin-2, -7, -12, interferons and other like growth factors, may also be
used as adjuvants as they may be readily included in the Zika virus vaccines or immunogenic

compositions by admixing or fusion with the polypeptide component.

[0125] In some embodiments, the Zika virus vaccine and/or immunogenic compositions
disclosed herein may include other adjuvants that act through a Toll-like receptor such as a
nucleic acid TLRO ligand comprising a 5'-TCG-3' sequence; an imidazoquinoline TLR7
ligand; a substituted guanine TLR7/8 ligand; other TLR7 ligands such as Loxoribine, 7-
deazadeoxyguanosine, 7-thia-8-oxodeoxyguanosine, Imiquimod (R-837), and Resiquimod

(R-848).

[0126] Certain adjuvants facilitate uptake of the vaccine molecules by APCs, such as
dendritic cells, and activate these. Non-limiting examples are selected from the group
consisting of an immune targeting adjuvant; an immune modulating adjuvant such as a toxin,

a cytokine, and a mycobacterial derivative; an oil formulation; a polymer; a micelle forming
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adjuvant; a saponin; an immunostimulating complex matrix (ISCOM matrix); a particle;

DDA; aluminum adjuvants; DNA adjuvants; MLA; and an encapsulating adjuvant.

[0127] Additional examples of adjuvants include agents such as aluminum salts such as
hydroxide or phosphate (alum), commonly used as 0.05 to 0.1 percent solution in buffered
saline (see, e.g., Nicklas (1992) Res. Immunol. 143:489-493), admixture with synthetic
polymers of sugars (e.g. Carb0p01®) used as 0.25 percent solution, aggregation of the protein
in the vaccine by heat treatment with temperatures ranging between 70° to 101°C for 30
second to 2 minute periods respectively and also aggregation by means of cross-linking
agents are possible. Aggregation by reactivation with pepsin treated antibodies (Fab
fragments) to albumin, mixture with bacterial cells such as C. parvum or endotoxins or
lipopolysaccharide components of gram-negative bacteria, emulsion in physiologically
acceptable oil vehicles such as mannide mono-oleate (Aracel A) or emulsion with 20 percent
solution of a perfluorocarbon (Fluosol-DA) used as a block substitute may also be employed.

Admixture with oils such as squalene and IFA may also be used.

[0128] DDA (dimethyldioctadecylammonium bromide) is an interesting candidate for an
adjuvant, but also Freund's complete and incomplete adjuvants as well as quillaja saponins
such as QuilA and QS21 are interesting. Further possibilities include
poly[di(earboxylatophenoxy)phosphazene (PCPP) derivatives of lipopolysaccharides such as
monophosphoryl lipid A (MLA), muramy] dipeptide (MDP) and threonyl muramyl dipeptide
(tMDP). The lipopolysaccharide based adjuvants may also be used for producing a
predominantly Thl-type response including, for example, a combination of monophosphoryl

lipid A, such as 3-de-O-acylated monophosphoryl lipid A, together with an aluminum salt.

[0129] Liposome formulations are also known to confer adjuvant effects, and therefore
liposome adjuvants may be used in conjunction with the Zika virus vaccines and/or

immunogenic compositions.

[0130] Immunostimulating complex matrix type (ISCOM® matrix) adjuvants may also be
used with the Zika virus vaccine antigens and immunogenic compositions, especially since it
has been shown that this type of adjuvants are capable of up-regulating MHC Class II
expression by APCs. An ISCOM matrix consists of (optionally fractionated) saponins
(triterpenoids) from Quillaja saponaria, cholesterol, and phospholipid. When admixed with

the immunogenic protein such as the Zika virus vaccine or immunogenic composition
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antigens, the resulting particulate formulation is what is known as an ISCOM particle where
the saponin may constitute 60-70% w/w, the cholesterol and phospholipid 10-15% w/w, and
the protein 10-15% w/w. Details relating to composition and use of immunostimulating
complexes can for example be found in the above-mentioned text-books dealing with
adjuvants, but also Morein B et al., 1995, Clin. Immunother. 3: 461-475 as well as Barr [ G
and Mitchell G F, 1996, Immunol. and Cell Biol. 74: 8-25 provide useful instructions for the

preparation of complete immunostimulating complexes.

[0131] The saponins, whether or not in the form of iscoms, that may be used in the
adjuvant combinations with the Zika virus vaccines and immunogenic compositions disclosed
herein include those derived from the bark of Quillaja Saponaria Molina, termed Quil A, and
fractions thereof, described in U.S. Pat. No. 5,057,540 and "Saponins as vaccine adjuvants”,
Kensil, C. R., Crit Rev Ther Drug Carrier Syst, 1996, 12 (1-2):1-55; and EP 0 362 279 B1.
Exemplary fractions of Quil A are QS21, QS7, and QS17.

[0132] B-Escin is another hemolytic saponins for use in the adjuvant compositions of the
Zika virus vaccines and/or immunogenic compositions. Escin is described in the Merck index
(12th ed: entry 3737) as a mixture of saponins occurring in the seed of the horse chestnut tree,
Lat: Aesculus hippocastanum. Its isolation is described by chromatography and purification
(Fiedler, Arzneimittel-Forsch. 4, 213 (1953)), and by ion-exchange resins (Erbring et al., U.S.
Pat. No. 3,238,190). Fractions of escin have been purified and shown to be biologically active
(Yoshikawa M, et al. (Chem Pharm Bull (Tokyo) 1996 August; 44(8):1454-1464)). B-escin is

also known as aescin.

[0133] Another hemolytic saponin for use in the Zika virus vaccines and/or immunogenic
compositions is Digitonin. Digitonin is described in the Merck index (12™ Edition, entry
3204) as a saponin, being derived from the seeds of Digitalis purpurea and purified according
to the procedure described Gisvold et al., J.Am.Pharm.Assoc., 1934, 23, 664; and
Ruhenstroth-Bauer, Physiol.Chem., 1955, 301, 621. Its use is described as being a clinical

reagent for cholesterol determination.

[0134] Another interesting possibility of achieving adjuvant effect is to employ the
technique described in Gosselin et al., 1992. In brief, the presentation of a relevant antigen
such as an antigen in a Zika virus vaccine and/or immunogenic composition of the present

disclosure can be enhanced by conjugating the antigen to antibodies (or antigen binding
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antibody fragments) against the Fc receptors on monocytes/macrophages. Especially
conjugates between antigen and anti-FcRI have been demonstrated to enhance
immunogenicity for the purposes of vaccination. The antibody may be conjugated to the Zika
virus vaccine or immunogenic composition antigens after generation or as a part of the
generation including by expressing as a fusion to any one of the polypeptide components of
the Zika virus vaccine and/or immunogenic composition antigens. Other possibilities involve
the use of the targeting and immune modulating substances (e.g., cytokines). In addition,

synthetic inducers of cytokines such as poly I:C may also be used.

[0135] Suitable mycobacterial derivatives may be selected from the group consisting of
muramyl dipeptide, complete Freund's adjuvant, RIBI, (Ribi ImmunoChem Research Inc.,

Hamilton, Mont.) and a diester of trehalose such as TDM and TDE.

[0136] Examples of suitable immune targeting adjuvants include CD40 ligand and CD40
antibodies or specifically binding fragments thereof (cf. the discussion above), mannose, a

Fab fragment, and CTLA-4.

[0137] Examples of suitable polymer adjuvants include a carbohydrate such as dextran,

PEG, starch, mannan, and mannose; a plastic polymer; and latex such as latex beads.

[0138] Yet another interesting way of modulating an immune response is to include the
immunogen (optionally together with adjuvants and pharmaceutically acceptable carriers and
vehicles) in a “virtual lymph node” (VLN) (a proprietary medical device developed by
ImmunoTherapy, Inc., 360 Lexington Avenue, New York, N.Y. 10017-6501). The VLN (a
thin tubular device) mimics the structure and function of a lymph node. Insertion of a VLN
under the skin creates a site of sterile inflammation with an upsurge of cytokines and
chemokines. T- and B-cells as well as APCs rapidly respond to the danger signals, home to
the inflamed site and accumulate inside the porous matrix of the VLN. It has been shown that
the necessary antigen dose required to mount an immune response to an antigen is reduced
when using the VLN, and that immune protection conferred by vaccination using a VLN
surpassed conventional immunization using Ribi as an adjuvant. The technology is described
briefly in Gelber C et al., 1998, "Elicitation of Robust Cellular and Humoral Immune
Responses to Small Amounts of Immunogens Using a Novel Medical Device Designated the
Virtual Lymph Node", in: "From the Laboratory to the Clinic, Book of Abstracts, Oct. 12-15,
1998, Seascape Resort, Aptos, Calif."”
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[0139] Oligonucleotides may be used as adjuvants in conjunction with the Zika virus
vaccine and/or immunogenic composition antigens and may contain two or more dinucleotide
CpG motifs separated by at least three or more or even at least six or more nucleotides. CpG-
containing oligonucleotides (in which the CpG dinucleotide is unmethylated) induce a
predominantly Thl response. Such oligonucleotides are well known and are described, for

example, in WO 96/02555, WO 99/33488 and U.S. Pat. Nos. 6,008,200 and 5,856,462.

[0140] Such oligonucleotide adjuvants may be deoxynucleotides. In certain
embodiments, the nucleotide backbone in the oligonucleotide is phosphorodithioate, or a
phosphorothioate bond, although phosphodiester and other nucleotide backbones such as
PNA including oligonucleotides with mixed backbone linkages may also be used. Methods
for producing phosphorothioate oligonucleotides or phosphorodithioate are described in U.S.

Pat. No. 5,666,153, U.S. Pat. No. 5,278,302 and W095/26204.

[0141] Exemplary oligonucleotides have the following sequences. The sequences may

contain phosphorothioate modified nucleotide backbones:

(SEQ ID NO: 3) OLIGO 1: TCC ATG ACG TTC CTG ACG TT (CpG 1826);
(SEQ ID NO: 4) OLIGO 2: TCT CCC AGC GTG CGC CAT (CpG 1758);
(SEQ ID NO: 5) OLIGO 3: ACC GAT GAC GTC GCC GGT GAC GGC
ACC ACG;

(SEQ ID NO: 6) OLIGO 4: TCG TCG TTT TGT CGT TTT GTC GTT (CpG
2006); and

(SEQ ID NO: 7) OLIGO 5: TCC ATG ACG TTC CTG ATG CT (CpG 1668)

[0142] Alternative CpG oligonucleotides include the above sequences with
inconsequential deletions or additions thereto. The CpG oligonucleotides as adjuvants may be
synthesized by any method known in the art (e.g., EP 468520). For example, such
oligonucleotides may be synthesized utilizing an automated synthesizer. Such oligonucleotide
adjuvants may be between 10-50 bases in length. Another adjuvant system involves the
combination of a CpG-containing oligonucleotide and a saponin derivative particularly the
combination of CpG and QS21 is disclosed in WO 00/09159.

[0143] Many single or multiphase emulsion systems have been described. One of skill in
the art may readily adapt such emulsion systems for use with a Zika virus vaccine and/or

immunogenic composition antigens so that the emulsion does not disrupt the antigen’s
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structure. Oil in water emulsion adjuvants per se have been suggested to be useful as adjuvant
compositions (EPO 399 843B), also combinations of oil in water emulsions and other active
agents have been described as adjuvants for vaccines (WO 95/17210; WO 98/56414; WO
99/12565; WO 99/11241). Other oil emulsion adjuvants have been described, such as water
in oil emulsions (U.S. Pat. No. 5,422,109; EP 0 480 982 B2) and water in oil in water
emulsions (U.S. Pat. No. 5,424,067; EP 0 480 981 B).

[0144] The oil emulsion adjuvants for use with the Zika virus vaccines and/or
immunogenic compositions described herein may be natural or synthetic, and may be mineral
or organic. Examples of mineral and organic oils will be readily apparent to one skilled in the

art.

[0145] In order for any oil in water composition to be suitable for human administration,
the oil phase of the emulsion system may include a metabolizable oil. The meaning of the
term metabolizable oil is well known in the art. Metabolizable can be defined as "being
capable of being transformed by metabolism" (Dorland's [llustrated Medical Dictionary,
W.B. Sanders Company, 25th edition (1974)). The oil may be any vegetable oil, fish oil,
animal oil or synthetic oil, which is not toxic to the recipient and is capable of being
transformed by metabolism. Nuts (such as peanut oil), seeds, and grains are common sources
of vegetable oils. Synthetic oils may also be used and can include commercially available oils
such as NEOBEE® and others. Squalene (2,6,10,15,19,23-Hexamethyl-2,6,10,14,18,22-
tetracosahexaene) is an unsaturated oil which is found in large quantities in shark-liver oil,
and in lower quantities in olive oil, wheat germ oil, rice bran oil, and yeast, and may be used
with the Zika virus vaccine and/or immunogenic compositions. Squalene is a metabolizable
oil virtue of the fact that it is an intermediate in the biosynthesis of cholesterol (Merck index,

10th Edition, entry no.8619).

[0146] Exemplary oil emulsions are oil in water emulsions, and in particular squalene in

water emulsions.

[0147] In addition, the oil emulsion adjuvants for use with the Zika virus vaccine and/or
immunogenic compositions may include an antioxidant, such as the oil a-tocopherol (vitamin

E, EP 0 382 271 B1).

[0148] WO 95/17210 and WO 99/11241 disclose emulsion adjuvants based on squalene,
a-tocopherol, and TWEEN 80 (TM), optionally formulated with the immunostimulants QS21
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and/or 3D-MLA. WO 99/12565 discloses an improvement to these squalene emulsions with
the addition of a sterol into the oil phase. Additionally, a triglyceride, such as tricaprylin
(C27H5006), may be added to the oil phase in order to stabilize the emulsion (WO
98/56414).

[0149] The size of the oil droplets found within the stable oil in water emulsion may be
less than 1 micron, may be in the range of substantially 30-600 nm, substantially around 30-
500 nm in diameter, or substantially 150-500 nm in diameter, and in particular about 150 nm
in diameter as measured by photon correlation spectroscopy. In this regard, 80% of the oil
droplets by number may be within these ranges, more than 90% or more than 95% of the oil
droplets by number are within the defined size ranges. The amounts of the components
present in oil emulsions are conventionally in the range of from 2 to 10% oil, such as
squalene; and when present, from 2 to 10% alpha tocopherol; and from 0.3 to 3% surfactant,
such as polyoxyethylene sorbitan monooleate. The ratio of oil: alpha tocopherol may be equal
or less than 1 as this provides a more stable emulsion. SPAN 85 (TM) may also be present at
a level of about 1%. In some cases it may be advantageous that the Zika virus vaccines and/or

immunogenic compositions disclosed herein will further contain a stabilizer.

[0150] The method of producing oil in water emulsions is well known to one skilled in
the art. Commonly, the method includes the step of mixing the oil phase with a surfactant
such as a PBS/TWEENS0® solution, followed by homogenization using a homogenizer, it
would be clear to one skilled in the art that a method comprising passing the mixture twice
through a syringe needle would be suitable for homogenizing small volumes of liquid.
Equally, the emulsification process in microfluidizer (M1 10S microfluidics machine,
maximum of 50 passes, for a period of 2 minutes at maximum pressure input of 6 bar (output
pressure of about 850 bar)) could be adapted by one skilled in the art to produce smaller or
larger volumes of emulsion. This adaptation could be achieved by routine experimentation
comprising the measurement of the resultant emulsion until a preparation was achieved with

oil droplets of the required diameter.

[0151] Alternatively the Zika virus vaccines and/or immunogenic compositions may be
combined with vaccine vehicles composed of chitosan (as described above) or other
polycationic polymers, polylactide and polylactide-coglycolide particles, poly-N-acetyl
glucosamine-based polymer matrix, particles composed of polysaccharides or chemically

modified polysaccharides, liposomes and lipid-based particles, particles composed of
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glycerol monoesters, etc. The saponins may also be formulated in the presence of cholesterol
to form particulate structures such as liposomes or ISCOMs. Furthermore, the saponins may
be formulated together with a polyoxyethylene ether or ester, in either a non-particulate
solution or suspension, or in a particulate structure such as a paucilamelar liposome or

ISCOM.

[0152] Additional illustrative adjuvants for use in the Zika virus vaccines and/or
immunogenic compositions as described herein include SAF (Chiron, Calif., United States),
MF-59 (Chiron, see, e.g., Granoff et al. (1997) Infect Immun. 65 (5):1710-1715), the SBAS
series of adjuvants (e.g., SB-AS2 (an oil-in-water emulsion containing MLA and QS21);
SBAS-4 (adjuvant system containing alum and MLA), available from SmithKline Beecham,
Rixensart, Belgium), Detox (Enhanzyn®) (GlaxoSmithKline), RC-512, RC-522, RC-527,
RC-529, RC-544, and RC-560 (GlaxoSmithKline) and other aminoalkyl glucosaminide 4-
phosphates (AGPs), such as those described in pending U.S. patent application Ser. Nos.
08/853,826 and 09/074,720.

[0153] Other examples of adjuvants include, but are not limited to, Hunter's TiterMax®
adjuvants (CytRx Corp., Norcross, Ga.); Gerbu adjuvants (Gerbu Biotechnik GmbH,
Gaiberg, Germany); nitrocellulose (Nilsson and Larsson (1992) Res. Immunol. 143:553-557);
alum (e.g., aluminum hydroxide, aluminum phosphate) emulsion based formulations
including mineral oil, non-mineral oil, water-in-oil or oil-in-water emulsions, such as the
Seppic ISA series of Montamide adjuvants (e.g., ISA-51, ISA-57, ISA-720, ISA-151, etc.;
Seppic, Paris, France); and PROVAX® (IDEC Pharmaceuticals); OM-174 (a glucosamine
disaccharide related to lipid A); Leishmania elongation factor; non-ionic block copolymers
that form micelles such as CRL 1005; and Syntex Adjuvant Formulation. See, e.g., O'Hagan
et al. (2001) Biomol Eng. 18(3):69-85; and "Vaccine Adjuvants: Preparation Methods and
Research Protocols" D. O'Hagan, ed. (2000) Humana Press.

[0154] Other exemplary adjuvants include adjuvant molecules of the general formula:
HO(CH »,CH,0),-A-R, (D)

where, n is 1-50, A is a bond or --C(O)--, R is C;.50 alkyl or Phenyl C;_5¢ alkyl.

[0155] One embodiment consists of a vaccine formulation comprising a polyoxyethylene

ether of general formula (I), where n is between 1 and 50, 4-24, or 9; the R component is C;_

51

Page 69 of 139



Attorney Docket No.: 606773001301

50, C4-Cyo alkyl, or Cy; alkyl, and A is a bond. The concentration of the polyoxyethylene
ethers should be in the range 0.1-20%, from 0.1-10%, or in the range 0.1-1%. Exemplary
polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-lauryl
ether, polyoxyethylene-9-steoryl ether, polyoxyethylene-8-steoryl ether, polyoxyethylene-4-
lauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether.
Polyoxyethylene ethers such as polyoxyethylene lauryl ether are described in the Merck
index (12th edition: entry 7717). These adjuvant molecules are described in WO 99/52549.

[0156] The polyoxyethylene ether according to the general formula (I) above may, if
desired, be combined with another adjuvant. For example, an adjuvant combination may

include the CpG as described above.

[0157] Further examples of suitable pharmaceutically acceptable excipients for use with
the Zika virus vaccines and/or immunogenic compositions disclosed herein include water,

phosphate buffered saline, isotonic buffer solutions.

Virus purification

[0158] Further aspects of the present disclosure relate to methods of purifying Zika virus.
In some embodiments, the method includes inoculating a plurality of cells with an inoculum
containing a population of Zika viruses, and obtaining from one or more of the inoculated
cells a Zika virus clonal isolate by plaque purification. In some embodiments, the cells are
non-human cells (e.g., insect cells, mammalian cells, efc.). In some embodiments, the cells
are insect cells (such as any of the mosquito cells/cell lines described herein). In some
embodiments, the cells are mammalian cells (such as any of the mammalian cells/cell lines

described herein). In some embodiments, the mammalian cells are monkey cells.

[0159] In some embodiments, the population of Zika virus is heterogeneous (e.g.,
comprising two or more genotypes). In some embodiments, the population of Zika viruses
comprises a Zika virus clinical isolate (e.g., from strain PRVABC59) and/or one or more
Zika viruses that have been previously passaged i n cell culture. In some embodiments,
plaque purification (e.g., as described herein) allows for the substantial and/or complete
separation of a (genetically homogenous) clonal isolate from a heterogeneous viral
population. In some embodiments, the monkey cells are from a VERO cell line (e.g., VERO
10-87 cells). In some embodiments, the inoculum comprises human serum. In some

embodiments, the inoculum comprises one or more adventitious agents (e.g., one or more
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contamination viruses). In some embodiments, plaque purification (e.g., as described herein)
allows for the substantial and/or complete purification of a (genetically homogenous) clonal

isolate away from one or more adventitious agents.

[0160] In some embodiments, the methods described for isolating and/or purifying a Zika
virus clonal includes one or more (e.g., one or more, two or more, three or more, four or
more, five or more, etc.) additional plaque purifications of the Zika virus clonal isolate. In
some embodiments, the methods described for isolating and/or purifying a Zika virus clonal
includes passaging the Zika virus clonal isolate one or more (e.g., one or more, two or more,
three or more, four or more, five or more, efc.) times in cell culture (e.g., in insect cells such

as a mosquito cell line and/or in mammalian cells such as a VERO cell line.

[0161] Further aspects of the present disclosure relate to methods of purifying Zika virus
for the preparation of a vaccine or immunogenic composition. In some embodiments, the
methods include one or more (e.g., one or more, two or more, three or more, four or more,
five or more, or six) steps of (in any order, including the following order): performing depth
filtration of a sample or preparation containing a Zika virus; buffer exchanging and/or
diluting a sample containing a Zika virus (e.g., by cross flow filtration (CFF)) to produce a
retentate; binding a sample comprising a Zika virus to an ion exchange membrane (e.g., an
anion exchange membrane, a cation exchange membrane) to produce a bound fraction, where
the bound fraction comprises the Zika virus, and eluting the bound fraction from the ion
exchange membrane; treating a sample containing a Zika virus with an effective amount of
any of the chemical inactivators described herein; neutralizing a sample containing a
chemically inactivated Zika virus with sodium metabisulfite; and/or purifying a naturalized
sample comprising a chemically inactivated Zika virus (e.g., by cross flow filtration (CFF)).
In some embodiments, the method includes the steps of (a) passing a sample containing a
Zika virus through a first depth filter to produce a first eluate, where the first eluate contains
the Zika virus; (b) buffer exchanging and/or diluting the first eluate by cross flow filtration
(CFF) to produce a first retentate, where the first retentate contains the Zika virus; (c) binding
the first retentate to an ion exchange membrane to produce a first bound fraction, where the
first bound fraction contains the Zika virus, and eluting the first bound fraction from the ion
exchange membrane to produce a second eluate, where the second eluate contains the Zika
virus; (d) passing the second eluate through a second depth filter to produce a second

retentate, wherein the second retentate contains the Zika virus; (e) treating the second
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retentate with an effective amount of a chemical inactivator; (f) neutralizing the treated
second retentate with sodium metabisulfite; and (g) purifying the neutralized second retentate

by cross flow filtration (CFF).

[0162] Depth filters may be applied in a cartridge or capsule format, such as with the
SUPRACAP™ series of depth filter capsules (Pall Corporation) using a Bio 20 SEITZ®
depth filter sheet. Other suitable depth filtration techniques and apparatuses are known in the
art. In some embodiments, the depth filter has a pore size of between about 0.2pum and about
3um. In some embodiments, the pore size of the depth filter is less than about any of the
following pore sizes (in um): 3, 2.8, 2.6, 2.4,2.2,2.0, 1.8, 1.6, 1.4, 1.2, 1.0, 0.8, 0.6, and 0.4.
In some embodiments, the pore size of the depth filter is greater than about any of the
following pore sizes (in um): 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.4, 2.6, or 2.8.
That is, the pore size of the depth filter can be any of a range of pore sizes (in pm) having an
upper limit of 3,2.8,2.6,2.4,2.2,2.0,1.8, 1.6, 1.4, 1.2, 1.0, 0.8, 0.6, and 0.4 and an
independently selected lower limit of 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.4,

2.6, or 2.8; wherein the lower limit is less than the upper limit.

[0163] As described herein, cation exchange and anion exchange chromatography may be
used in the methods of the present disclosure to purify a Zika virus harvested from a cell of
the present disclosure. For example, clarified viral harvest may be basified, loaded onto an
anion exchange membrane, eluted by salt or pH, filtered, and inactivated. This is only an
exemplary scheme, and one of skill in the art may readily contemplate variants thereof with

substituted, deleted, inserted, or reordered steps.

[0164] Anion and cation exchange chromatography both rely on the attraction of charged
macromolecules of interest (e.g., a virus) in a mobile phase to a substrate having an opposite
charge. In cation exchange chromatography, the negatively charged substrate or membrane
attracts positively charged macromolecules. In anion exchange chromatography, the
positively charged substrate or membrane attracts negatively charged macromolecules. Once
macromolecules are bound or loaded onto the substrate, they may be eluted in linear or step-
wise [ashion [rom the substrate in a manner dependent on their characleristics, thereby
enacting a separation of differently charged molecules. This principle may be used to purify
viruses from other macromolecules. Elution may be effected by varying pH or salt content of
the mobile phase buffer. Elution may be gradient or step-wise. As described herein, elution

may be effected using a change in pH of the mobile phase or by using a change in ionic
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strength of the mobile phase (e.g., through addition of a salt). A variety of salts are used for
elution, including without limitation sodium chloride, potassium chloride, sodium sulphate,
potassium sulphate, ammonium sulphate, sodium acetate, potassium phosphate, calcium
chloride, and magnesium chloride. In certain embodiments, the salt is NaCl. A variety of
suitable buffers are known in the art and described herein. Viral purification methods using
ion exchange chromatography are also generally known; see, e.g., purification of influenza
virus available online at

www.pall.com/pdfs/Biopharmaceuticals/MustangQXT AcroPrep_USD2916.pdf.

[0165] A variety of devices known in the art are suitable for cation exchange
chromatography (optionally including filtration), such as the Mustang® S system (Pall
Corporation), which uses a cation exchange membrane with a 0.65um pore size. A variety of
functional groups are used for cation exchange membranes, including without limitation
pendant sulfonic function groups in a cross-linked, polymeric coating. A variety of buffers
may be used to bind an eluate containing an Enterovirus C virus of the present disclosure to a
cation exchange membrane. Exemplary buffers include, without limitation, citrate and
phosphate buffers (additional buffers are described infra). In some embodiments, a buffer
used in cation exchange chromatography (e.g., in loading and/or elution) contains polysorbate

(e.g., TWEEN®-80 at 0.05%, 0.1%, 0.25%, or 0.5%).

[0166] A variety of devices known in the art are suitable for anion exchange
chromatography (optionally including filtration), such as the Mustang® Q system (Pall
Corporation), which uses an anion exchange membrane with a 0.8um pore size. A variety of
functional groups are used for anion exchange membranes, including without limitation
pendant quaternary amine functional groups in a cross-linked, polymeric coating. A variety
of buffers may be used to bind an eluate containing an Enterovirus C virus of the present
disclosure to an anion exchange membrane. Exemplary buffers include, without limitation,
phosphate buffer (additional buffers are described infra). In some embodiments, a buffer
used in anion exchange chromatography (e.g., in loading and/or elution) contains polysorbate

(e.g., TWEEN®-80 at 0.05%, 0.1%, 0.25%, or 0.5%).

Formulations of Vaccines and/or immunogenic compositions

[0167] Further aspects of the present disclosure relate to formulations of vaccines and/or

immunogenic compositions of the present disclosure containing one or more antigens from a
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Zika virus described herein. Such vaccines and/or immunogenic compositions of the present
disclosure containing one or more antigens from a Zika virus described herein 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.

[0168] Typically, vaccines and/or immunogenic compositions of the present disclosure
are prepared as injectables either as liquid solutions or suspensions; solid forms suitable for
solution in, or suspension in, liquid prior to injection may also be prepared. Such preparations
may also be emulsified or produced as a dry powder. The active immunogenic ingredient is
often mixed with excipients which are pharmaceutically acceptable and compatible with the
active ingredient. Suitable excipients are, for example, water, saline, dextrose, sucrose,
glycerol, ethanol, or the like, and combinations thereof. In addition, if desired, the vaccine or
immunogenic composition may contain auxiliary substances such as wetting or emulsifying
agents, pH buffering agents, or adjuvants which enhance the effectiveness of the vaccine or

immunogenic composition.

[0169] Vaccines or immunogenic compositions may be conventionally administered
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
glycols 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 or/or immunogenic composition described herein are dispersed
homogeneously, for example, by stirring. The molten homogeneous mixture is then poured

into conveniently sized molds, allowed to cool, and to solidify.

[0170] Formulations suitable [or intranasal delivery include liquids (e.g., aqueous
solution for administration as an aerosol or nasal drops) and dry powders (e.g. for rapid
deposition within the nasal passage). Formulations include such normally employed
excipients as, for example, pharmaceutical grades of mannitol, lactose, sucrose, trehalose,

xylitol, and chitosan. Mucosadhesive agents such as chitosan can be used in either liquid or
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powder formulations to delay mucociliary clearance of intranasally-administered
formulations. Sugars such as mannitol, sorbitol, trehalose, and/or sucrose can be used as
stability agents in liquid formulations and as stability, bulking, or powder flow and size
agents in dry powder formulations. In addition, adjuvants such as monophosphoryl lipid A
(MLA), or derivatives thereof, or CpG oligonucleotides can be used in both liquid and dry

powder formulations as an immunostimulatory adjuvant.

[0171] Formulations suitable for oral delivery include liquids, solids, semi-solids, gels,
tablets, capsules, lozenges, and the like. Formulations suitable for oral delivery include
tablets, lozenges, capsules, gels, liquids, food products, beverages, nutraceuticals, and the
like. Formulations include such normally employed excipients as, for example,
pharmaceutical grades of mannitol, sorbitol, trehalose, sucrose, lactose, starch, magnesium
stearate, sodium saccharine, cellulose, magnesium carbonate, and the like. Other Zika virus
vaccines and immunogenic compositions may take the form of solutions, suspensions, pills,
sustained release formulations or powders and contain 10-95% of active ingredient, or 25-
70%.For oral formulations, cholera toxin is an interesting formulation partner (and also a

possible conjugation partner).

[0172] The Zika virus vaccines and/or immunogenic compositions when formulated for
vaginal administration may be in the form of pessaries, tampons, creams, gels, pastes, foams
or sprays. Any of the foregoing formulations may contain agents in addition to Zika virus
vaccine and/or immunogenic compositions, such as carriers, known in the art to be

appropriate.

[0173] In some embodiments, the Zika virus vaccines and/or immunogenic compositions
of the present disclosure may be formulated for systemic or localized delivery. Such
formulations are well known in the art. Parenteral vehicles include sodium chloride solution,
Ringer's dextrose, dextrose and sodium chloride, lactated Ringer's or fixed oils. Intravenous
vehicles include fluid and nutrient replenishers, electrolyte replenishers (such as those based
on Ringer's dextrose), and the like. Systemic and localized routes of administration include,

e.g., intradermal, topical application, intravenous, intramuscular, etc.

[0174] The vaccines and/or immunogenic compositions of the present disclosure may be
administered in a manner compatible with the dosage formulation, and in such amount as will

be therapeutically effective and immunogenic. The quantity to be administered depends on
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the subject to be treated, including, e.g., the capacity of the individual's immune system to
mount an immune response, and the degree of protection desired. Suitable dosage ranges may
include, for example, from about 0.1 pg to about 100 pg, about 1 pg to about 100 ug, about 2
pg to about 100 pg, about 5 pg to about 100 pg, about 10 pg to about 100 pg, about 15 pg to
about 100 pg, about 20 pg to about 100 pg, about 25 ug to about 100 ug, about 30 pg to
about 100 pg, about 35 pg to about 100 pg, about 40 pg to about 100 ug, about 45 pg to
about 100 pg, about 50 pg to about 100 pg, about 55 ug to about 100 ug, about 60 pg to
about 100 pg, about 65 pg to about 100 pg, 70 pg to about 100 pg, about 75 pg to about 100
pg, about 80 ug to about 100 pg, about 85 pg to about 100 pg, about 90 pg to about 100 pg,
about 95 ng to about 100 pg, about 0.1 pg to about 95 pg, about 1 pg to about 95 g, about 2
pg to about 95 pg, about 5 g to about 95 pg, about 10 ug to about 95 pg, about 15 ug to
about 95 ng, about 20 pg to about 95 pg, about 25 pg to about 95 pg, about 30 pg to about 95
pg, about 35 pg to about 95 g, about 40 pg to about 95 pg, about 45 pg to about 95 g,
about 50 ug to about 95 pg, about 55 pg to about 95 pg, about 60 pg to about 95 pg, about 65
pg to about 95 pg, 70 pg to about 95 ug, about 75 pg to about 95 pg, about 80 pg to about 95
pg, about 85 ng to about 95 pg, about 90 pg to about 95 pg, about 0.1 pg to about 90 pg,
about 1 pg to about 90 pg, about 2 pg to about 90 pg, about 5 pg to about 90 pg, about 10 pg
to about 90 pg, about 15 ng to about 90 pg, about 20 pg to about 90 pg, about 25 pg to about
90 pg, about 30 pg to about 90 pg, about 35 g to about 90 pg, about 40 pg to about 90 pg,
about 45 ng to about 90 pg, about 50 pg to about 90 pg, about 55 pg to about 90 pg, about 60
pg to about 90 pg, about 65 ug to about 90 pg, 70 pg to about 90 pg, about 75 ug to about 90
pg, about 80 ng to about 90 pg, about 85 pg to about 90 pg, about 0.1 pg to about 85 pg,
about 1 pg to about 85 ng, about 2 pg to about 85 pg, about 5 pg to about 85 pg, about 10 pg
to about 85 pg, about 15 pg to about 85 pg, about 20 pg to about 85 ng, about 25 pg to about
85 g, about 30 ng to about 85 pg, about 35 pg to about 85 pg, about 40 pg to about 85 g,
about 45 ug to about 85 pg, about 50 pg to about 85 pg, about 55 pg to about 85 pg, about 60
pg to about 85 pg, about 65 pg to about 85 pg, 70 pug to about 85 pg, about 75 pug to about 85
pg, about 80 pg to about 85 ug, about 0.1 pg to about 80 pg, about 1 pg to about 80 pg,
about 2 pg to about 80 ng, about 5 pg to about 80 pg, about 10 pg to about 80 ug, about 15
pg to about 80 pg, about 20 pg to about 80 pg, about 25 pg to about 80 pg, about 30 ug to
about 80 ug, about 35 pg to about 80 pug, about 40 pg to about 80 pug, about 45 pg to about 80
pg, about 50 g to about 80 pg, about 55 pg to about 80 pg, about 60 pg to about 80 pg,
about 65 pg to about 80 pg, 70 pug to about 80 g, about 75 pug to about 80 pg, about 0.1 ug
to about 75 pg, about 1 pg to about 75 ug, about 2 pg to about 75 pg, about 5 pg to about 75

58

Page 76 of 139



Attorney Docket No.: 606773001301

pg, about 10 pg to about 75 ug, about 15 pg to about 75 pg, about 20 pg to about 75 pg,
about 25 ng to about 75 pg, about 30 pg to about 75 pg, about 35 pg to about 75 pg, about 40
pg to about 75 ug, about 45 ug to about 75 pg, about 50 pg to about 75 pg, about 55 pg to
about 75 ug, about 60 ug to about 75 pg, about 65 pg to about 75 ug, 70 pug to about 75 pg,
about 0.1 pg to about 70 pg, about 1 ug to about 70 pg, about 2 ug to about 70 pg, about 5
pg to about 70 pg, about 10 pg to about 70 pg, about 15 pg to about 70 pg, about 20 ug to
about 70 ug, about 25 pg to about 70 pg, about 30 pg to about 70 pg, about 35 pg to about 70
pg, about 40 g to about 70 pg, about 45 pg to about 70 pg, about 50 pg to about 70 pg,
about 55 pg to about 70 ug, about 60 pg to about 70 pg, about 65 ug to about 70 pg, about
0.1 pg to about 65 pg, about 1 pg to about 65 pg, about 2 pg to about 65 g, about 5 pg to
about 65 ug, about 10 ug to about 65 pg, about 15 pg to about 65 pg, about 20 pg to about 65
pg, about 25 ng to about 65 pg, about 30 pg to about 65 pg, about 35 pg to about 65 pg,
about 40 pg to about 65 pg, about 45 pg to about 65 pg, about 50 ug to about 65 pg, about 55
pg to about 65 g, about 60 ug to about 65 pg, about 0.1 pg to about 60 pg, about 1 pg to
about 60 pg, about 2 pg to about 60 pg, about 5 pg to about 60 pg, about 10 pg to about 60
pg, about 15 g to about 60 pg, about 20 pg to about 60 pg, about 25 pg to about 60 pg,
about 30 ug to about 60 pg, about 35 pg to about 60 pg, about 40 ug to about 60 pg, about 45
pg to about 60 pg, about 50 pg to about 60 pg, about 55 pg to about 60 pg, about 0.1 pg to
about 55 png, about 1 pg to about 55 g, about 2 pg to about 55 pg, about 5 pg to about 55
pg, about 10 ng to about 55 pg, about 15 pg to about 55 pg, about 20 pg to about 55 pg,
about 25 ug to about 55 pg, about 30 pg to about 55 pg, about 35 pg to about 55 pg, about 40
pg to about 55 pg, about 45 pg to about 55 pg, about 50 pg to about 55 pg, about 0.1 pg to
about 50 pg, about 1 pg to about 50 pg, about 2 pg to about 50 pg, about 5 pg to about 50
pg, about 10 pg to about 50 ug, about 15 pg to about 50 pg, about 20 pug to about 50 pg,
about 25 pg to about 50 pg, about 30 pg to about 50 pg, about 35 pg to about 50 pg, about 40
pg to about 50 pug, about 45 pg to about 50 pg, about 0.1 pg to about 45 pg, about 1 pg to
about 45 ng, about 2 pg to about 45 pg, about 5 pg to about 45 pg, about 10 pg to about 45
pg, about 15 pg to about 45 g, about 20 pg to about 45 pg, about 25 pg to about 45 pg,
about 30 pg to about 45 pg, about 35 pg to about 45 pg, about 40 ug to about 45 pg, about
0.1 pg to about 40 pg, about 1 pg to about 40 pg, about 2 ug to about 40 pg, about S ug to
about 40 ug, about 10 pg to about 40 pg, about 15 pg to about 40 pg, about 20 pg to about
40 pg, about 25 pg to about 40 pg, about 30 ug to about 40 ug, about 35 pug to about

40 ug, about 0.1 ug to about 35 pg, about 1 pg to about 35 pg, about 2 ug to about 35 ug,
about 5 pg to about 35 pg, about 10 pg to about 35 pg, about 15 pg to about 35 g, about
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20 pg to about 35 pg, about 25 pg to about 35 pg, about 30 pg to about 35 pg, about 0.1 pg
to about 30 pg, about 1 pg to about 30 pg, about 2 pg to about 30 pg, about 5 pg to about 30
pg, about 10 pg to about 30 ug, about 15 pg to about 30 pug, about 20 g to about 30 pg,
about 25 ug to about 30 ug, about 0.1 ug to about 25 pg, about 1 pug to about 25 g, about 2
pg to about 25 pg, about 5 pg to about 25 pg, about 10 pg to about 25 pg, about 15 pg to
about 25 ng, about 20 pg to about 25 pg, about 0.1 pg to about 20 pg, about 1 pg to about 20
pg, about 2 ug to about 20 pg, about 5 pg to about 20 pg, about 10 pg to about 20 pg, about
15 pg to about 20 pg, about 0.1 pg to about 15 pg, about 1 pg to about 15 pg, about 2 pg to
about 15 pg, about 5 pg to about 15 pg, about 10 pg to about 15 pg, about 0.1 pg to about
10 g, about 1 pg to about 10 pg, about 2 pg to about 10 pg, about 5 pg to about 10 pg,
about 0.1 pg to about 5 pg, about 1 ug to about 5 ug, about 2 pg to about 5 pg, about 0.1 ug
to about 2 pg, about 1 pg to about 2 pg, or about 0.1 pg to about 1 pg per dose. In certain
embodiments, the dosage can be about 0.1 pg, about 0.2 pg, about 0.3 pg, about 0.4 pg,
about 0.5 g, about 0.6 pg, about 0.7 pg, about 0.8 pg, about 0.9 pg, about 1 pg, about 1.1
pg, about 1.2 pug, about 1.3 pg, about 1.4 ng, about 1.5 pg, about 1.6 ug, about 1.7 pug, about
1.8 pg, about 1.9 pg, about 2 pg, about 2.1 pg, about 2.2 pg, about 2.3 pg, about 2.4 pg,
about 2.5 pg, about 2.6 pg, about 2.7 pg, about 2.8 pg, about 2.9 ug, about 3 pg, about 4 pg,
about 5 pg, about 6 ug, about 7 pug, about 8 pg, about 9 ug, about 10 pg, about 11 pg, about
12 pg, about 13 pg, about 14 pg, about 15 pg, about 16 pg, about 17 pg, about 18 pg, about
19 pg, about 20 pg, about 21 pg, about 22 pg, about 23 pg, about 24 pg, about 25 pg, about
26 pg, about 27 g, about 28 pg, about 29 pg, about 30 pg, about 31 pg, about 32 g, about
33 ng, about 34 ng, about 35 pg, about 36 pg, about 37 pg, about 38 pg, about 39 pg, about
40 pg, about 41 pg, about 42 pg, about 43 pg, about 44 pg, about 45 pg, about 46 pg, about
47 ng, about 48 pg, about 49 pg, about 50 pg, about 51 pg, about 52 pg, about 53 pg, about
54 pg, about 55 ug, about 56 pg, about 57 pg, about 58 pg, about 59 pg, about 60 pg, about
61 pg, about 62 ug, about 63 pg, about 64 pg, about 65 pg, about 66 pg, about 67 ug, about
68 g, about 69 pg, about 70 pg, about 71 pg, about 72 pg, about 73 pg, about 74 pg, about
75 pg, about 76 pg, about 77 pg, about 78 pg, about 79 pg, about 80 pg, about 81 pg, about
82 g, about 83 ng, about 84 pug, about 85 ug, about 86 pug, about 87 pug, about 88 ug, about
89 ng, about 90 ng, about 91 pg, about 92 ug, about 93 nug, about 94 pg, about 95 ng, about
96 ng, about 97 pg, about 98 pg, about 99 pg, or about 100 pg per dose.

[0175] In some embodiments, the dosage may be measured in micrograms (ug) of Zika

Envelope protein E (Env). Accordingly, in some embodiments, the dosage ranges may
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include, for example, from about 0.1 pg Env to about 100 pg Env, about 1 pg Env to about
100 ng Env, about 2 pg Env to about 100 pg Env, about 5 ug Env to about 100 pg Env, about
10 pg Env to about 100 pg Env, about 15 pg Env to about 100 pg Env, about 20 pg Env to
about 100 pg Env, about 25 pg Env to about 100 ug Env, about 30 ug Env to about 100 pug
Env, about 35 pg Env to about 100 pg Env, about 40 pg Env to about 100 ng Env, about 45
pg Env to about 100 pg Env, about 50 pg Env to about 100 pg Env, about 55 ng Env to
about 100 pg Env, about 60 ug Env to about 100 pg Env, about 65 pg Env to about 100 pg
Env, 70 pg Env to about 100 pg Env, about 75 pg Env to about 100 pg Env, about 80 pg Env
to about 100 ug Env, about 85 pg Env to about 100 nug Env, about 90 ug Env to about 100 ug
Env, about 95 pg Env to about 100 ug Env, about 0.1 pg Env to about 95 pg Env, about 1 pg
Env to about 95 ug Env, about 2 ug Env to about 95 ng Env, about 5 pg Env to about 95 pg
Env, about 10 pg Env to about 95 pug Env, about 15 pug Env to about 95 pg Env, about 20 pug
Env to about 95 pg Env, about 25 png Env to about 95 pg Env, about 30 pg Env to about 95
pg Env, about 35 ug Env to about 95 pg Env, about 40 pg Env to about 95 pg Env, about 45
pg Env to about 95 pg Env, about 50 pug Env to about 95 pg Env, about 55 pg Env to about
95 pg Env, about 60 pug Env to about 95 ug Env, about 65 ug Env to about 95 pg Env, 70 ug
Env to about 95 pg Env, about 75 pg Env to about 95 pg Env, about 80 ug Env to about 95
pg Env, about 85 ug Env to about 95 ug Env, about 90 ug Env to about 95 pg Env, about 0.1
pg Env to about 90 pg Env, about 1 ug Env to about 90 pg Env, about 2 ug Env to about 90
pg Env, about 5 pg Env to about 90 pg Env, about 10 pg Env to about 90 ug Env, about 15
pg Env to about 90 pg Env, about 20 pg Env to about 90 pg Env, about 25 pg Env to about
90 pg Env, about 30 pg Env to about 90 ug Env, about 35 ug Env to about 90 pg Env, about
40 pg Env to about 90 nug Env, about 45 ug Env to about 90 ng Env, about 50 pg Env to
about 90 ug Env, about 55 pg Env to about 90 ug Env, about 60 ug Env to about 90 ug Env,
about 65 ug Env to about 90 pg Env, 70 pug Env to about 90 ug Env, about 75 pug Env to
about 90 ug Env, about 80 pg Env to about 90 pg Env, about 85 ng Env to about 90 ug Env,
about 0.1 pg Env to about 85 ug Env, about 1 pg Env to about 85 pug Env, about 2 pg Env to
about 85 ug Env, about 5 ug Env to about 85 nug Env, about 10 pg Env to about 85 pug Env,
about 15 pg Env to about 85 pg Env, about 20 ug Env to about 85 ug Env, about 25 pg Env
to about 85 pg Env, about 30 pg Env to about 85 pug Env, about 35 pug Env to about 85 g
Env, about 40 pg Env to about 85 pg Env, about 45 pg Env to about 85 pg Env, about 50 pg
Env to about 85 pg Env, about 55 ug Env to about 85 pg Env, about 60 pug Env to about 85
pg Env, about 65 ug Env to about 85 pg Env, 70 ug Env to about 85 ug Env, about 75 ug
Env to about 85 ug Env, about 80 pg Env to about 85 pg Env, about 0.1 ug Env to about 80
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pg Env, about 1 pg Env to about 80 pg Env, about 2 pg Env to about 80 pg Env, about 5 pg
Env to about 80 png Env, about 10 g Env to about 80 pg Env, about 15 pg Env to about 80
pg Env, about 20 ug Env to about 80 pg Env, about 25 pg Env to about 80 pg Env, about 30
pg Env to about 80 pg Env, about 35 ug Env to about 80 pug Env, about 40 pg Env to about
80 pg Env, about 45 ug Env to about 80 pg Env, about 50 pg Env to about 80 ug Env, about
55 pg Env to about 80 pug Env, about 60 pg Env to about 80 pug Env, about 65 pug Env to
about 80 ug Env, 70 pg Env to about 80 pg Env, about 75 ug Env to about 80 pg Env, about
0.1 pg Env to about 75 pg Env, about 1 ng Env to about 75 pg Env, about 2 ng Env to about
75 nug Env, about 5 ug Env to about 75 ug Env, about 10 pug Env to about 75 pg Env, about
15 pg Env to about 75 pg Env, about 20 pg Env to about 75 pg Env, about 25 pg Env to
about 75 ug Env, about 30 ug Env to about 75 ug Env, about 35 ug Env to about 75 pg Env,
about 40 nug Env to about 75 pg Env, about 45 pg Env to about 75 pug Env, about 50 pg Env
to about 75 pg Env, about 55 ug Env to about 75 nug Env, about 60 pug Env to about 75 pg
Env, about 65 pg Env to about 75 pg Env, 70 ng Env to about 75 pg Env, about 0.1 pg Env
to about 70 pg Env, about 1 pg Env to about 70 ug Env, about 2 pg Env to about 70 pg Env,
about 5 pug Env to about 70 ug Env, about 10 ug Env to about 70 ug Env, about 15 nug Env to
about 70 ug Env, about 20 pug Env to about 70 ug Env, about 25 ng Env to about 70 ug Env,
about 30 ug Env to about 70 pg Env, about 35 ug Env to about 70 pug Env, about 40 pg Env
to about 70 pg Env, about 45 ug Env to about 70 pg Env, about 50 pg Env to about 70 pg
Env, about 55 pg Env to about 70 ug Env, about 60 ug Env to about 70 ng Env, about 65 ug
Env to about 70 ug Env, about 0.1 pug Env to about 65 pg Env, about 1 pg Env to about 65
pg Env, about 2 pg Env to about 65 pug Env, about 5 pug Env to about 65 pg Env, about 10 pg
Env to about 65 ng Env, about 15 ug Env to about 65 pg Env, about 20 png Env to about 65
pg Env, about 25 ug Env to about 65 pg Env, about 30 pg Env to about 65 pg Env, about 35
pg Env to about 65 pg Env, about 40 pug Env to about 65 pg Env, about 45 pg Env to about
65 pg Env, about 50 pg Env to about 65 pg Env, about 55 ug Env to about 65 pg Env, about
60 pg Env to about 65 pug Env, about 0.1 pg Env to about 60 pg Env, about 1 ug Env to
about 60 ug Env, about 2 ug Env to about 60 ug Env, about 5 ug Env to about 60 pg Env,
about 10 pug Env to about 60 pg Env, about 15 pug Env to about 60 ug Env, about 20 pg Env
to about 60 pg Env, about 25 pg Env to about 60 pug Env, about 30 pug Env to about 60 g
Env, about 35 pg Env to about 60 pg Env, about 40 ng Env to about 60 pg Env, about 45 pg
Env to about 60 pug Env, about 50 ug Env to about 60 pug Env, about 55 pg Env to about 60
pg Env, about 0.1 pg Env to about 55 pg Env, about 1 pug Env to about 55 pg Env, about 2
pg Env to about 55 pg Env, about 5 pg Env to about 55 pg Env, about 10 pg Env to about 55
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pg Env, about 15 pg Env to about 55 pg Env, about 20 pg Env to about 55 pg Env, about 25
ng Env to about 55 pg Env, about 30 ng Env to about 55 pg Env, about 35 pg Env to about
55 ng Env, about 40 pg Env to about 55 pg Env, about 45 ug Env to about 55 ug Env, about
50 ng Env to about 55 ug Env, about 0.1 pg Env to about 50 pg Env, about 1 pg Env to
about 50 ug Env, about 2 ug Env to about 50 ug Env, about 5 ug Env to about 50 pg Env,
about 10 pg Env to about 50 pg Env, about 15 pg Env to about 50 pg Env, about 20 pg Env
to about 50 pg Env, about 25 ug Env to about 50 pg Env, about 30 ug Env to about 50 pg
Env, about 35 pg Env to about 50 ug Env, about 40 ug Env to about 50 pug Env, about 45 pg
Env to about 50 pg Env, about 0.1 ug Env to about 45 ug Env, about 1 ug Env to about 45
pg Env, about 2 pg Env to about 45 pg Env, about 5 pg Env to about 45 pg Env, about 10 pug
Env to about 45 pg Env, about 15 ug Env to about 45 pg Env, about 20 pg Env to about 45
pg Env, about 25 ng Env to about 45 pg Env, about 30 pg Env to about 45 pg Env, about 35
pg Env to about 45 pg Env, about 40 pg Env to about 45 pg Env, about 0.1 pg Env to about
40 pg Env, about 1 pg Env to about 40 pg Env, about 2 pg Env to about 40 pg Env, about 5
pg Env to about 40 pg Env, about 10 ug Env to about 40 ug Env, about 15 ug Env to about
40 pg Env, about 20 pg Env to about 40 pg Env, about 25 pg Env to about 40 pg Env,
about 30 ug Env to about 40 pg Env, about 35 pg Env to about 40 pg Env, about 0.1 pg Env
to about 35 ug Env, about 1 pg Env to about 35 ug Env, about 2 ug Env to about 35 ug
Env, about 5 pug Env to about 35 pg Env, about 10 pg Env to about 35 pg Env, about 15 pg
Env to about 35 pg Env, about 20 pg Env to about 35 pg Env, about 25 pug Env to about

35 pg Env, about 30 ug Env to about 35 pg Env, about 0.1 pg Env to about 30 ug Env,
about 1 pg Env to about 30 ug Env, about 2 pug Env to about 30 pg Env, about 5 pg Env to
about 30 nug Env, about 10 nug Env to about 30 pg Env, about 15 pg Env to about 30 pg Env,
about 20 ug Env to about 30 ug Env, about 25 ug Env to about 30 pg Env, about 0.1 ug Env
to about 25 ug Env, about 1 pug Env to about 25 ng Env, about 2 ug Env to about 25 pg Env,
about 5 pg Env to about 25 pug Env, about 10 pg Env to about 25 ug Env, about 15 pg Env to
about 25 ng Env, about 20 ug Env to about 25 pg Env, about 0.1 pug Env to about 20 ug Env,
about 1 pg Env to about 20 pug Env, about 2 ug Env to about 20 pg Env, about 5 ug Env to
about 20 ug Env, about 10 ug Env to about 20 pug Env, about 15 pug Env to about 20 pg Env,
about 0.1 pg Env to about 15 ug Env, about 1 pg Env to about 15 pg Env, about 2 pg Env to
about 15 ug Env, about 5 ug Env to about 15 nug Env, about 10 pg Env to about 15 pug Env,
about 0.1 pg Env to about 10 pg Env, about 1 pg Env to about 10 ug Env, about 2 ug Env
to about 10 pg Env, about 5 pg Env to about 10 pg Env, about 0.1 ug Env to about 5 pg
Env, about 1 ug Env to about 5 pg Env, about 2 pg Env to about 5 pg Env, about 0.1 pug Env
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to about 2 ug Env, about 1 pg Env to about 2 pg Env, or about 0.1 pg Env to about 1 pg Env
per dose. In certain embodiments, the dosage can be about 0.1 pg Env, about 0.2 ng Env,
about 0.3 pg Env, about 0.4 ug Env, about 0.5 ng Env, about 0.6 pg Env, about 0.7 ug Env,
about 0.8 ug Env, about 0.9 ug Env, about 1 ug Env, about 1.1 pg Env, about 1.2 ug Env,
about 1.3 pg Env, about 1.4 ug Env, about 1.5 ug Env, about 1.6 pg Env, about 1.7 ug Env,
about 1.8 g Env, about 1.9 pg Env, about 2 ug Env, about 2.1 pg Env, about 2.2 ng Env,
about 2.3 pg Env, about 2.4 ug Env, about 2.5 ng Env, about 2.6 pg Env, about 2.7 ug Env,
about 2.8 g Env, about 2.9 pg Env, about 3 ug Env, about 4 pg Env, about 5 ug Env, about
6 ug Env, about 7 pg Env, about 8§ pug Env, about 9 pg Env, about 10 ug Env, about 11 pg
Env, about 12 pg Env, about 13 ng Env, about 14 pg Env, about 15 ng Env, about 16 pg
Env, about 17 ug Env, about 18 ug Env, about 19 ug Env, about 20 pg Env, about 21 pg
Env, about 22 pg Env, about 23 ng Env, about 24 ug Env, about 25 pg Env, about 26 pg
Env, about 27 ug Env, about 28 pug Env, about 29 ug Env, about 30 ug Env, about 31 pg
Env, about 32 pg Env, about 33 ng Env, about 34 pg Env, about 35 ng Env, about 36 pg
Env, about 37 ug Env, about 38 ug Env, about 39 ug Env, about 40 pg Env, about 41 pg
Env, about 42 pug Env, about 43 pug Env, about 44 pug Env, about 45 pg Env, about 46 pg
Env, about 47 pg Env, about 48 ng Env, about 49 pg Env, about 50 ug Env, about 51 pg
Env, about 52 pug Env, about 53 ug Env, about 54 ug Env, about 55 pg Env, about 56 pug
Env, about 57 ug Env, about 58 ng Env, about 59 ug Env, about 60 pg Env, about 61 pg
Env, about 62 pug Env, about 63 pug Env, about 64 pug Env, about 65 pg Env, about 66 pg
Env, about 67 pg Env, about 68 ng Env, about 69 pg Env, about 70 ug Env, about 71 pg
Env, about 72 pug Env, about 73 ng Env, about 74 ug Env, about 75 pg Env, about 76 pg
Env, about 77 pug Env, about 78 pug Env, about 79 pg Env, about 80 pug Env, about 81 pg
Env, about 82 pg Env, about 83 ng Env, about 84 pg Env, about 85 ug Env, about 86 pg
Env, about 87 ug Env, about 88 ug Env, about 89 ug Env, about 90 ug Env, about 91 pg
Env, about 92 g Env, about 93 ng Env, about 94 ug Env, about 95 ug Env, about 96 pg
Env, about 97 pug Env, about 98 pug Env, about 99 pg Env, or about 100 pg Env per dose.

[0176] 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.
[0177] The manner of application may be varied widely. Any of the conventional

methods for administration of a vaccine or immunogenic composition are applicable. These
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include oral application on a solid physiologically acceptable base or in a physiologically
acceptable dispersion, parenterally, by injection or the like. The dosage of the vaccine or
immunogenic composition will depend on the route of administration and may vary
according to the age of the person to be vaccinated and the formulation of the antigen. The
vaccine or immunogenic composition can have a unit dosage volume of more than 0.5mL, of
0.5mL or of less than 0.5mL, as described herein. For instance, it can be administered at a

volume of 0.25mL.

[0178] Delivery agents that improve mucoadhesion can also be used to improve delivery
and immunogenicity especially for intranasal, oral or lung based delivery formulations. One
such compound, chitosan, the N-deacetylated form of chitin, is used in many pharmaceutical
formulations. It is an attractive mucoadhesive agent for intranasal vaccine delivery due to its
ability to delay mucociliary clearance and allow more time for mucosal antigen uptake and
processing. In addition, it can transiently open tight junctions which may enhance
transepithelial transport of antigen to the NALT. In a recent human trial, a trivalent
inactivated influenza vaccine administered intranasally with chitosan but without any
additional adjuvant yielded seroconversion and HI titers that were only marginally lower than

those obtained following intramuscular inoculation.

[0179] Chitosan can also be formulated with adjuvants that function well intranasally
such as the genetically detoxified E. coli heat-1abile enterotoxin mutant LTK63. This adds an
immunostimulatory effect on top of the delivery and adhesion benefits imparted by chitosan

resulting in enhanced mucosal and systemic responses.

[0180] Finally, it should be noted that chitosan formulations can also be prepared in a dry
powder format that has been shown to improve vaccine stability and result in a further delay
in mucociliary clearance over liquid [ormulations. This was seen in a recent human clinical
trial involving an intranasal dry powder diphtheria toxoid vaccine formulated with chitosan in
which the intranasal route was as effective as the traditional intramuscular route with the
added benefit of secretory IgA responses. The vaccine was also very well tolerated. Intranasal
dry powdered vaccines [or anthrax containing chitosan and MLA, or derivatives thereol,
induce stronger responses in rabbits than intramuscular inoculation and are also protective

against aerosol spore challenge.
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[0181] Intranasal vaccines represent an exemplary formulation as they can affect the
upper and lower respiratory tracts in contrast to parenterally administered vaccines which are
better at affecting the lower respiratory tract. This can be beneficial for inducing tolerance to

allergen-based vaccines and inducing immunity for pathogen-based vaccines.

[0182] In addition to providing protection in both the upper and lower respiratory tracts,
intranasal vaccines avoid the complications of needle inoculations and provide a means of
inducing both mucosal and systemic humoral and cellular responses via interaction of

particulate and/or soluble antigens with nasopharyngeal-associated lymphoid tissues (NALT).

[0183] Vaccines and/or immunogenic compositions of the present disclosure are
pharmaceutically acceptable. They may include components in addition to the antigen and
adjuvant e.g. they will typically include one or more pharmaceutical carrier(s) and/or
excipient(s). A thorough discussion of such components is available in Gennaro (2000)

Remington: The Science and Practice of Pharmacy. 20th edition, ISBN: 0683306472.

[0184] To control tonicity, it is preferred to include a physiological salt, such as a sodium
salt. Sodium chloride (NaCl) is preferred, which may be present at between 1 and 20 mg/ml.
Other salts that may be present include potassium chloride, potassium dihydrogen phosphate,

disodium phosphate dehydrate, magnesium chloride, calcium chloride, etc.

[0185] Vaccines and/or immunogenic compositions of the present disclosure may include
one or more buffers. Typical buffers include: a phosphate buffer; a Tris buffer; a borate
buffer; a succinate buffer; a histidine butfer (particularly with an aluminum hydroxide

adjuvant); or a citrate buffer. Buffers will typically be included in the 5-20mM range.

[0186] The pH of a vaccine or immunogenic composition will generally be between 5.0
and 8.5 or 5.0 and 8.1, and more typically between 6.0 and 8.5 e.g. 6.0 and 8.0, 6.5 and 8.0,
6.5 and 7.5, 7.0 and 8.5, 7.0 and 8.0, or between 7.0 and 7.8. A manufacturing process of the
present disclosure may therefore include a step of adjusting the pH of the bulk vaccine prior

to packaging.

[0187] The vaccine or immunogenic composition is preferably sterile. It is preferably non
pyrogenic e.g. containing <1 EU (endotoxin unit, a standard measure) per dose, and

preferably <0.1 EU per dose. It is preferably gluten free.
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[0188] In certain embodiments, the vaccines and/or immunogenic compositions of the
present disclosure may include a detergent in an effective concentration. In some
embodiments, an effective amount of detergent may include without limitation, about
0.00005% v/v to about 5% v/v or about 0.0001% v/v to about 1% v/v. In certain
embodiments, an effective amount of detergent is about 0.001% v/v, about 0.002% v/v, about
0.003% v/v, about 0.004% v/v, about 0.005% v/v, about 0.006% v/v, about 0.007% v/v,
about 0.008% v/v, about 0.009% v/v, or about 0.01% v/v. Without wishing to be bound by
theory, detergents help maintain the vaccines and/or immunogenic compositions of the
present disclosure in solution and helps to prevent the vaccines and/or immunogenic

compositions from aggregating.

[0189] Suitable detergents include, for example, polyoxyethylene sorbitan ester surfactant
(known as ‘“Tweens’), octoxynol (such as octoxynol-9 (Triton X 100) or t
octylphenoxypolyethoxyethanol), cetyl trimethyl ammonium bromide (‘CTAB’), and sodium
deoxycholate, particularly for a split or surface antigen vaccine. The detergent may be present
only at trace amounts. Other residual components in trace amounts could be antibiotics (e.g.
neomycin, kanamycin, polymyxin B). In some embodiments, the detergent contains
polysorbate. In some embodiments, the effective concentration of detergent includes ranges

from about 0.00005% v/v to about 5% v/v.

[0190] The vaccines and/or immunogenic compositions are preferably stored at between
2°C and 8°C. They should ideally be kept out of direct light. The antigen and emulsion will
typically be in admixture, although they may initially be presented in the form of a kit of
separate components for extemporaneous admixing. Vaccines and/or immunogenic

compositions will generally be in aqueous form when administered to a subject.

Methods of the Present Disclosure

[0191] Further aspects of the present disclosure relate to methods for using vaccines
and/or or immunogenic compositions described herein containing one or more antigens from
at least one Zika virus (e.g., a clonal Ziak virus isolate, a Zika virus comprising a non-human
cell adaptation mutation such as a non-human cell adaptation mutation in protein NS1) to
treat or prevent Zika virus in a subject in need thereof and/or to induce an immune response
to Zika virus in a subject in need thereof. In some embodiments, the present disclosure relates

to methods for treating or preventing Zika virus infection in a subject in need thereof by
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administering to the subject a therapeutically effective amount of a vaccine and/or or
immunogenic composition of the present disclosure containing one or more antigens from at
least one Zika virus (e.g., a clonal Ziak virus isolate, a Zika virus comprising a non-human
cell adaptation mutation such as a non-human cell adaptation mutation in protein NS1). 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 a vaccine and/or or immunogenic composition of the
present disclosure containing one or more antigens from at least one Zika (e.g., a clonal Zika
virus isolate, a Zika virus comprising a non-human cell adaptation mutation such as a non-
human cell adaptation mutation in protein NS1). In some embodiments, the administering
step induces a protective immune response against Zika virus in the subject. In some
embodiments, the subject is a human. In some embodiments, the subject is pregnant or

intends to become pregnant.

[0192] The Zika virus vaccines and/or immunogenic compositions disclosed herein may
be used to protect or treat a subject (e.g., a mammal such as a human) susceptible to, or
suffering from a viral infection, by means of administering the vaccine by intranasal, peroral,
oral, buccal, sublingual, intramuscular, intraperitoneal, intradermal, transdermal, subdermal,
intravaginal, anal, intracranial, intravenous, transcutaneous, or subcutaneous administration.
Methods of systemic administration of the vaccines and/or immunogenic compositions of the
present disclosure may include conventional syringes and needles, or devices designed for
ballistic delivery of solid vaccines (WO 99/27961), or needleless pressure liquid jet device
(U.S. Pat. No. 4,596,556; U.S. Pat. No. 5,993,412), or transdermal patches (WO 97/48440;
WO 98/28037). The Zika virus vaccines and/or immunogenic compositions of the present
disclosure may also be applied to the skin (transdermal or transcutaneous delivery WO
98/20734; WO 98/28037). The Zika virus vaccines and/or immunogenic compositions of the
present disclosure therefore may include a delivery device for systemic administration, pre-
filled with the Zika virus vaccine or immunogenic compositions. Accordingly there is
provided methods for treating or preventing Zika virus infection and/or for inducing an
immune response in a subject (e.g., a mammal such as a human), including the step of
administering a vaccine or immunogenic composition of the present disclosure and optionally
including an adjuvant and/or a carrier, to the subject, where the vaccine or immunogenic

composition is administered via the parenteral or systemic route.
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[0193] The vaccines and/or immunogenic compositions of the present disclosure may be
used to protect or treat a subject (e.g., a mammal such as a human) susceptible to, or suffering
from a viral infection, by means of administering the vaccine or immunogenic composition
via a mucosal route, such as the oral/alimentary or nasal route. Alternative mucosal routes are
intravaginal and intra-rectal. The mucosal route of administration may be via the nasal route,
termed intranasal vaccination. Methods of intranasal vaccination are well known in the art,
including the administration of a droplet, spray, or dry powdered form of the vaccine into the
nasopharynx of the individual to be immunized. Nebulized or aerosolized vaccine
formulations are potential forms of the Zika virus vaccines and/or immunogenic
compositions disclosed herein. Enteric formulations such as gastro resistant capsules and
granules for oral administration, suppositories for rectal or vaginal administration are also

formulations of the vaccines and/or immunogenic compositions of the present disclosure.

[0194] The Zika virus vaccines and/or immunogenic compositions of the present
disclosure may also be administered via the oral route. In such cases the pharmaceutically
acceptable excipient may also include alkaline buffers, or enteric capsules or microgranules.
The Zika virus vaccines and/or immunogenic compositions of the present disclosure may also
be administered by the vaginal route. In such cases, the pharmaceutically acceptable
excipients may also include emulsifiers, polymers such as CARB OPOL®, and other known
stabilizers of vaginal creams and suppositories. The Zika virus vaccines and/or immunogenic
compositions may also be administered by the rectal route. In such cases the excipients may

also include waxes and polymers known in the art for forming rectal suppositories.

[0195] In some embodiments, the administering step includes one or more
administrations. Administration can be by a single dose schedule or a multiple dose (prime-
boost) schedule. In a multiple dose schedule the various doses may be given by the same or
different routes e.g. a parenteral prime and mucosal boost, a mucosal prime and parenteral
boost, etc. Typically they will be given by the same route. Multiple doses will typically be
administered at least 1 week apart (e.g. about 2 weeks, about 3 weeks, about 4 weeks, about 5
weeks, about 6 weeks, about 7 weeks, about 8 weeks, about 9 weeks, about 10 weeks, about
11 weeks, about 12 weeks, about 16 weeks, efc.). Giving two doses separated by from 25-30

days (e.g. 28 days) is particularly useful.

[0196] The methods of the present disclosure include administration of a therapeutically

effective amount or an immunogenic amount of the Zika virus vaccines and/or immunogenic
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compositions of the present disclosure. A therapeutically effective amount or an
immunogenic amount may be an amount of the vaccines and/or immunogenic compositions
of the present disclosure that will induce a protective immunological response in the
uninfected, infected or unexposed subject to which it is 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 vaccine. 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
immunological classes, such as immunoglobulins A, D, E, G or M; the proliferation of B and
T lymphocytes; the provision of activation, growth and differentiation signals to

immunological cells; expansion of helper T cell, suppressor T cell, and/or cytotoxic T cell.

[0197] In some embodiments, the protective immunological response induced in the
subject after administration of a vaccine and/or immunogenic composition containing a non-
human cell adapted Zika virus of the present disclosure is greater than the immunological
response induced in a corresponding subject administered a vaccine and/or immunogenic
composition containing a Zika virus that is not adapted for non-human cell growth and/or
comprises a different non-human cell adaptation mutation. In some embodiments, the
protective immunological response induced in the subject after administration of the vaccine
and/or immunogenic composition containing a non-human cell adapted Zika virus of the
present disclosure is at least about 5%, at least about 10%, at least about 15%,at least about
20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%, at least
about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about
90%, at least about 95%, or at least about 99% greater than the immunological response
induced in a corresponding subject administered a vaccine and/or immunogenic composition
containing a Zika virus that is not adapted for non-human cell growth and/or comprises a
different non-human cell adaptation mutation. Methods of measuring protective

immunological responses are generally known to one of ordinary skill in the art.

[0198] In some embodiments, administration of a vaccine and/or immunogenic
composition containing a non-human cell adapted Zika virus of the present disclosure induces
generation of neutralizing antibodies to Zika virus in the subject. In some embodiments,
administration of a vaccine and/or immunogenic composition containing a non-human cell

adapted Zika virus of the present disclosure induces generation of neutralizing antibodies to
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Zika virus in the subject in an amount that is greater than the amount of neutralizing
antibodies induced in a corresponding subject administered a vaccine and/or immunogenic
composition containing a Zika virus that is not adapted for non-human cell growth and/or
comprises a different non-human cell adaptation mutation. In some embodiments,
administration of a vaccine and/or immunogenic composition containing a non-human cell
adapted Zika virus of the present disclosure induces generation of neutralizing antibodies to
Zika virus in the subject in an amount that is at least about 5%, at least about 10%, at least
about 15%,at least about 20%, at least about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about
60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, or at least about 99% greater than the than
the amount of neutralizing antibodies induced in a corresponding subject administered a
vaccine and/or immunogenic composition containing a Zika virus that is not adapted for non-
human cell growth and/or comprises a different non-human cell adaptation mutation. In some
embodiments, administration of a vaccine and/or immunogenic composition containing a
non-human cell adapted Zika virus of the present disclosure induces generation of
neutralizing antibodies to Zika virus in the subject in an amount that is at least about 1-fold,
at least about 2-fold, at least about 3-fold, at least about 4-fold, at least about 5-fold, at least
about 6-fold, at least about 7-fold, at least about 8-fold, at least about 9-fold, at least about
10-fold, at least about 100-fold, or at least about 1000-fold greater than the than the amount
of neutralizing antibodies induced in a corresponding subject administered a vaccine and/or
immunogenic composition containing a Zika virus that is not adapted for non-human cell
growth and/or comprises a different non-human cell adaptation mutation. Methods of
measuring neutralizing antibodies in a subject are generally known to one of ordinary skill in

the art.

[0199] Preferably, the therapeutically effective amount or immunogenic amount is
sufficient to bring about treatment 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
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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.

[0200] The present disclosure will be more fully understood by reference to the following
Examples. They should not, however, be construed as limiting any aspect or scope of the

present disclosure in any way.

EXAMPLES

Example 1: Clonal Zika Virus Strain Generation

[0201] This example describes the production of Zika virus (ZIKAV) strains with a

known research history.

Materials and Methods

Vero Cell Maintenance

[0202] One vial of WHO Vero 10-87 cells was rapidly thawed in a water bath and
directly inoculated into 19mL pre-warmed DMEM (Dulbecco’s modified minimal essential
medium) containing penicillin-streptomycin, L-glutamine 40mM, and 10% FBS in a T-75cm’
flask at 36°C+/2°C, at 5% COs,. Cells were allowed to grow to confluency and subcultured
using TryplE. This flask was expanded to two T-185cm” flasks, grown to confluency and
subcultured to 31 xT-185cm” 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 cells/mL. One
vial of the Vero cells was rapidly thawed and resuscitated as described above into a T-75cm”
flask. These were subcultured twice to produce the a cell bank in 13 x T-185cm’ 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.

[0203] The Vero cells were grown and maintained in DMEM containing penicillin-
streptomycin, L-glutamine and 10% FBS (¢cDMEM-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-25cm” flasks in
5 mL cDMEM-10%-FBS, or 1 x 10* cells/well in 96-well plates in 0.1mL. cDMEM-10%-
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FBS. Incubators were monitored daily to maintain indicated temperatures. The Vero cell lines

were stored in liquid nitrogen.

Plaque Assay

[0204] 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 dilution 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% agarose)
maintained at 40-41°C was added to each well. The agarose was allowed to solidify 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 ug/mL of

neutral red vital dye was added on day 4. Plaques were visualized on days 5 and 6.
Virus Quantification by TCID50 Assay

[0205] 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 pL of each virus dilution
was added to the wells. The plates were incubated for 5 days at 36°C+/2°C, at 5% CO,. The
50% Tissue Culture Infective Dose (TCID30) titer was calculated using the Reed/Muench

calculator.
Test Articles

[0206] Zika virus strain PRVABCS59 (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 summarized in Table 1.
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. Isolation Patient .
Strain Information | information Prep info Analyses PFU
Sequencing by ion
torrent: gene
accession
#KU501215
e Pasage: | " ICIPRS
PRVA.BC59 travel to Nqn N Vero(2)C6/36(1) Identity by RT- pfu/mL
(Asian) . provided Prep: 29Jan2016
Puerto Rico Host: C6/36 PCR
in 2015 ) (-) For alphaviruses
by PCR
* (-) for mycoplasma
by ATCC and
ABM PCR
Sequencing
[0207] A QIAampViral RNA Mini 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 cDNA fragments encompassing the entire Zika viral
genome. Amplified cDNA fragments were analyzed for size and purity ona 1%
Agarose/TBE gel and subsequently gel purified using a Qiagen Quick Gel Extraction Kit. An
ABI 3130XL Genetic Analyzer sequencer was used to conduct automatic sequencing

reactions. Lasergene SeqMan software was used to analyze sequencing data.
Results

[0208]
ZIKAV outbreak in the America’s was sought. For this reason, ZIKAV strain PRVABC59

A ZIKAYV strain with a known research history that was relevant to the current

was chosen. To generate a well-characterized virus adapted for growth in Vero cells, the

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

[0209] Flasks of Vero cells (T—1750m2), 100% confluent, were infected at an MOI 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% CO,, 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 clarilying by centrilugation (600 x g, 4°C, 10 min). The harvest was stabilized
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by adding trehalose to a final concentration of 18% w/v. The bulk was aliquoted into 0.5mL

cryovials and stored at -80 °C.

[0210] The stabilized P1 harvest was analyzed for the presence of infectious virus on
Vero cell monoloayers by a TCID50 assay. Growth kinetics were monitored by taking daily
aliquots beginning on hour 0. Peak titer was reached by hour 72 (FIG. 2).

[0211] 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 plaques to be isolated
were identified by drawing a circle around a distinct and separate plaque 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 PRVABC59
P2a-j and placed in an incubator overnight at 36°C£2°C, at 5% CO,.

[0212] Three plaques (PRVABCS59 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 plaque purified, and labeled PRVABCS59 P3a-j.

[0213] Six plaques (PRVABCS59 P3a-t) were carried forward for a tinal round of
purification. Each isolate was plated neat in duplicate onto a fresh 6-well monolayer of Vero

cells. This P3/P4 transition was plaque purified, and labeled PRVABCS59 P4a-j.

[0214] Six plaques (PRVABC59 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 5% CO»; the other 1
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% CO, 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 TCIDSO0 for Zika virus potency (FIG. 3).

[0215] Confluent monolayers of T-175cm? flasks of Vero cells were infected with each of
the six clones of PRVABC59 (P5a-f) at an MOI of 0.01 in 4mL cDMEM-0%-FBS. The virus
was allowed to adsorb for 60 minutes at 36°C+/2°C, at 5% CQ,, after which 20 mL of
cDMEM-0%-FBS was added to each flask and allowed to grow at 36°C+/2°C, at 5% CO..
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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 from days 3 and 5 were pooled, stabilized with
18% trehalose, aliquoted and stored <-60°C.

[0216] Each of the six clones of PRVABC59 (P6a-f) were tested for Zika virus potency
(FIG. 5). The potency was determined by two different methods, TCID50 and plaque
titration. The TCID50 was calculated by visual inspection of CPE (microscope) and by
measuring the difference in absorbance (Asgo-Aazo) 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 TCID50
between the two scoring techniques are quite similar, while the values obtained by plaque

titration are lower.
[0217] A summary of the generation of the P6 virus is shown in Table 2 below.

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 TCIDS50 titer
P2 Amplify P1 by plaque titration plaque purification
P3 Pick and passage plaques from P2 plaque assay plaque purification
P4 Pick and passage plaques from P3 plaque assay plaque purification
P5 Amplify P4 plaques (a-f) TCIDS50 titer
e . TCIDSO0 titer, plaque phenotype,
P6 Amplify P5 (a-f) virus genotype, growth kinetics

[0218] An isolated Zika virus clone that closely resembled the envelope glycoprotein
sequence of the original isolate was sought, since the envelope protein of flaviviruses is the
dominant immunogenic portion of the virus. PRVABCS9 clones P6a, P6c, P6d and P6f
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
PRVABCS59 clones P6b and P6e were identical relative to the reference strain (GenBank ref
KU501215.1) (Table 3 and FIG. 6).

Table 3: Sequencing of PRVABCS9 P6 clones

Envelope sequencing (reference gene from PRVABC39; accession #KU501215)
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Strain Nucleotide Amino Acid Mutation Comments
Env-990: Env-330: L
PRVABC39 P6a G—T Val330—Leu Val/Leu Mutation in 3 of 4 reads.
Env-1404: . . Wild type relative to
PRVABC59 P6b T—G silent Wild type Wild type eference.
Env-990: Env-330: ..
PRVABC59 P6c G—T Val330—Leu Val/Leu Mutation in 3 of 4 reads.
Env-990: Env-330: Lo .
PRVABC59 P6d GoT Val330—Leu Val/Leu Mutation in 2 of 2 reads.
. . . Wild type relative to
PRVABC59 P6e Wild type Wild type Wild type reference.
Mutation in 2 of 2 reads.
PRVABCS59 Péf Env-990: Eny-330: Val/Leu 190 bp not sequenced (aa
G—T Val330—Leu
421 — 484).
Full genome sequencing (reference gene from PRVABC59;accession #KU501215)
Strain Nucleotide Amino Acid Mutation Comments
Er}[\‘/-_l>4G04 Wild-type Silent Mutation in 2 of 2 reads
PRVABCS oD NS1-292 NSI1-98 Trp/Gl Mutation in 2 of 2 reads
T—G Trp98—Gly i
NS1-292 NS1-98 .o )
PRVABC59 P6e T—G Trp98—Gly Trp/Gly Mutation in 2 of 2 reads
[0219] The two clones lacking mutations in the wild-type 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
conlirmed 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 membrane
association, interaction with envelope protein and potentially hexameric NS1 formation.
While other tryptophan residues (W115, W118), are highly conserved across flaviviruses,
W98 is not (FIG. 7). Interestingly, however, 100% conservation ol the W98 residue is
observed across 11 different ZIKAV 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 PRVABCS59 P6 clones

Mutations identified in envelope
Clone Nucleotide Amino Acid
P6a G990T V330L
P6b T1404G (silent)
P6¢ G990T V330L
77

Page 95 of 139



Attorney Docket No.: 606773001301

P6d G990T V330L
P6e none none
Pof G990T V330L

Additional mutations identified in genome

Clone Nucleotide Amino Acid
P6b NS1-T292G NS1-W98G
P6e NS1-T292G NS1-W98G

Ref sequence: KU501215.1 (PRVABC59)

[0220] Phenotypic analysis of the ZIKAV PRVABCS59 P6 stocks was conducted to
characterize the ZIKAV clones. As illustrated in FIG. 8 and quantified in FIG. 9, each 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.

[0221] Next, growth kinetics analyses in Vero cells of the ZIKAV PRVABC359 P6 clones
were analyzed. Vero cells were infected with 0.01 TCIDs/cell of each ZIKAV P6 clones in
serum free growth medium. Viral supernatant samples were taken daily and simultaneously
assayed for infectious titer by TCIDs assay. For all P6 clones, peak titer occurred between
day 3 and 4 (~9.0 log;o TCIDso/mL). There was no significant difference in growth kinetics
of the various P6 clones (FIG. 10).

[0222] 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 agents (e.g.,
adventitious agents that may be in the parental human isolate). Interestingly, three sequential
plaque purifications succeeded in quickly selecting Vero-cell adapted virus (strains P6a-f),
where these strains were able to replicate well in serum-free Vero cell cultures, with strain
P6a, c, d, and { harboring a mutation in the viral envelope protein, while strains p6b and p6e
obtained a mutation in the viral NS1 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-V330L mutation observed in strains P6a, c, d, and f may

potentially be a result of in vitro adaptation, as a mutation at Env 330 was also observed upon
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passaging in Vero cells (Weger-Lucarelli 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 (Env) 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 W98G) may be implicated in changing the ability of the NS1 to associate, and
possibly co-purify, with the virus during downstream processing. NS1 may also be

immunogenic, and could be implicated in the immune response to the vaccine.

Example 2: Preclinical immunogenicity and efficacy of a purified inactivated Zika virus
vaccine (PIZV) derived from the P6b and Pé6e strains

[0223] The following example describes the preclinical immunogenicity and efficacy in
CD1 and AG129 mice of an inactivated Zika virus vaccine (PIZV) derived from the P6b and
P6e strains. As described in Example 1, six clones were generated from the epidemically
relevant PRVABCS59 strain, and two (P6b and P6e) were chosen for further preclinical

immunogenicity and efficacy studies.

Materials and Methods

Purification, inactivation and formulation of a Zika virus vaccine

[0224] A lot of inactivated ZIKAV vaccine, suitable for use in preclinical
immunogenicity and efficacy studies, was generated and characterized. Virus was amplified
from the P6b and P6e strains by infecting flasks of confluent Vero cells at a MOI of 0.01.
Virus was adsorbed for 1 hour at 36°C + 2°C/ 5% CO.. Following adsorption, 20 mL of
cDMEM-0%-FBS was added to each flask, and incubated at 36°C % 2°C / 5% CO, for five
days. Cell supernatants were harvested on day 3 and 5 post-infection, and cell debris was

clarified by centrifugation.

[0225] For each isolate, clarified supernatants were pooled, stabilized in DMEM
containing 18% trehalose and stored at <-60°C. Pooled, clarified virus supernatants were
thawed in a 37°C water bath and treated with benzonase overnight at 4°C. Following

benzonase treatment, each sample was applied to a Sartorius PP3 depth filter. Following
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depth filtration, each sample was applied to a Centricon Plus-70 tangential flow filtration
(TFF) device. Retentate was buffer exchanged, diluted, and applied to a Sartorius SartobindQ
[EXNano. Each sample was applied to a second Sartorius SartobindQ IEXNano and eluted
using a 3 step-elution process with 250 mM, 500 mM, and 750 mM NaCl. Following MonoQ
chromatography and dilution, each 250 mM eluate was applied to a Centricon Plus-70 cross
flow filtration (CFF) device for buffer exchange, diluted to 35 mL with PBS, and stored at 2-
8°C.

[0226] For formalin inactivation, freshly prepared 1% formaldehyde was added dropwise
to each purified sample with gentle swirling to obtain a final formaldehyde concentration of
0.02%.Samples were incubated at room temperature (~22°C) for 14 days with daily
inversion. Formaldehyde was neutralized with sodium metabisulfite for 15’ at room
temperature before being applied to a Centricon Plus-70 tangential flow filtration (TFF)
device. Buffer exchange was performed four times by the addition of 50 mL Drug Substance
Buffer (10 mM NaH2PO4 , 50 mM NaCl, 6% sucrose, pH 7.4) . Each sample was then
diluted to 15 mL with Drug Substance Buffer, sterilized using a 0.2m syringe filter, aliquoted

into sterile stoppered glass vials (0.5 mL per vial) and frozen at <-60°C.

[0227] Virus inactivation was confirmed by TCID50 assay and double infectivity assay.
Briefly drug substance sample was applied to C6/36 cells and allowed to amplify for 6 days.
Supernatant from C6/36 cells was applied to Vero cells and CPE was monitored for 8 days.
For drug product formulation, vials of PIZV drug substance were thawed, pooled according
to sample type, and diluted to 1 pg/mL or 10 ug/mL in PBS with or without Alhydrogel
(Brenntag ; 0.5 mg/mL final, 0.050 mg/dose) and incubated overnight at 2-8°C with gentle
agitation. The resulting drug product lots were then aliquoted into sterile stoppered glass
vials and stored at 2-8°C until use. FIG. 11 provides a summary of the steps used to prepare

drug product.
Mouse immunization and challenge

[0228] For the immunogenicity study, six-week old male and female Swiss-ICR (CD-1)
mice were divided into 6 groups (n = 10/group). On Day 0, mice in groups 1-5 were
inoculated with 0.1 mL of vaccine by the intramuscular (i.m.) route (2 x 0.05 mL injections).

Mice in group 6 were inoculated with PBS as a placebo control. Mice were boosted on day 28
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and 56 using the same dosage and vaccine type as day 0. Blood samples were collected on

day -1 (pre-immune), day 27 (prime), day 42 (boost 1) and day 70 (boost 2).

[0229] For the immunogenicity and efficacy study, four-week old male and female
AG129 mice were divided into 7 groups (n = 5/group). On Day 0, mice in groups 1-6 were
inoculated with 0.1 mL of vaccine by the intramuscular (i.m.) route (2 x 0.05 mL injections).
Mice in group 7 were inoculated with PBS as a placebo control. Mice were boosted on day 28
using the same dosage and vaccine type as on day 0. Blood samples were collected from the
tail vein on day -1 (pre-immune), day 27 (prime) and day 55 (boost). At the time of
euthanization, mice were bled via cardiac puncture under deep anesthesia with isofluorane
(terminal). On day 56, mice were intraperitoneally challenged with 10* plaque forming units

(PFU) of ZIKAV PRVABC59.
Serum transfer

[0230] Serum was collected from PIZV-vaccinated and challenged AG129 mice, and
were frozen after pooling (groups 1, 2, 4, and 5 of Table 6). The serum pool was thawed, and
the test articles were generated by three-fold dilutions of the serum pool in PBS. A placebo

was generated using 3-fold dilutions of AG129 normal mouse serum in PBS.

[0231] The test articles were administered as 0.1 mL intraperitoneal injections into
AG129 mice (an equivalent volume of the placebo article was administered to control mice).
Animals were then challenged intraperitoneally with 10* plaque forming units of Zika virus

strain PRVABCS9 in 100pL.

[0232] Allowable blood volume by weight was collected as whole blood by tail bleeding
from ten mice on day -11 (pre-immunization). Whole blood was collected from each mouse
on day 1 (primary, circulating Nab) and day 4 (viremia) by tail bleeding. Terminal bleeding
after lethal challenge was performed by heart puncture under deep anesthesia for larger
volume before euthanization by cervical dislocation. Blood samples were collected in
microtainer SST serum separation gel tubes and allowed to clot for at least 30 min before

separation of serum by centrifugation (10,000 x g for 2 min) and frozen at -80°C.

Plaque reduction neutralization test
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[0233] Neutralizing antibody titers were determined by a plaque reduction neutralization
test (PRNT) as described previously (See e.g., Osorio et al. Lancet Infect Dis. 2014
Sep;14(9):830-8).

Reporter virus particle (RVP) neutralization assay

[0234] Neutralizing antibody titers were analyzed by titration of serum samples with a
constant amount of Zika RVPs in Vero cells grown in 96-well plates. RVPs contained the
prME proteins of Zika (strain SPH2012) and a Dengue-based Renilla luciferase reporter.
Briefly, sera were heat inactivated at 56°C for 30 min, diluted, and then incubated at 37°C
with RVPs. The serum/RVP mixture was then mixed with Vero cells and incubated for 72
hours at 37°C £ 2°C/ 5% CO, before detection with luciferase substrate. Data was analyzed
using JMP11 non-linear 4 parameter analysis, normalized to a positive tracking control and

effective dose 50% (ECsp) was reported.

[0235] Unless indicated to the contrary, all additional experimental methods were carried

out as described in Example 1 above.

Results

[0236] To assess the immunogenicity of the PIZV candidates in 6 week old male and
female CD-1 mice, groups of CD-1 mice (N=10/group) were immunized by the i.m. route
with either a 0.1 pg (+ alum), 1.0 pg (+ alum) dose of a vaccine derived from either ZIKAV
PRVABCG69 P6b or P6e virus strains. To assess the need for adjuvant, a group of animals was
vaccinated with 0.1 pg of vaccine derived from P6e and lacking alum adjuvant. Vaccinations
occurred on days 0, 28, and 56, with group 6 receiving PBS as a placebo control (FIG. 12A
and Table 5).

Table 5: PIZV formulations and challenges in CD-1 mice

Group Strain Dose (ug) | Alum (ug) N
1 P6b 0.1 0.50 10
2 P6b 1.0 0.50 10
3 Pbe 0.1 0.50 10
4 P6e 1.0 0.50 10
5 Poe 0.1 - 10
6 Placebo (PBS) - - 10
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[0237] Following vaccination, serum samples collected after primary (day 27), secondary
(day 40) and tertiary (day 70) immunizations were tested for ZIKAV-specific neutralizing
antibodies by RVP neutralization assay (FIG. 12B). Twenty-seven days after receiving the
first dose, a slight neutralizing antibody response was observed in mice vaccinated with PIZV
derived from either clone containing alum, as compared to the PBS placebo control group.
Importantly, this response increased significantly upon a second immunization (day 40), but
was not additionally enhanced upon immunization with a third dose (day 70). No neutralizing

antibody response was observed in mice vaccinated with non-adjuvanted vaccine (FIG. 12B).

[0238] To assess the immunogenicity and protective efficacy of the PIZV candidates,
groups of 4 week old AG129 mice (n=5/group) were immunized by the i.m. route with either
a 0.1 pg dose (+ alum), 1.0 pg dose (+ alum) or 0.1 pg dose (- alum) of a vaccine derived
from either the ZIKAV PRVABCS59 P6b or Pée stocks on days 1 and 28 (FIG. 13A and
Table 6).

Table 6: PIZV formulations and challenges in AG129 mice

Group Sex Strain Dose (ng) | Alum (ug) N
1 F P6b 0.1 0.50 5
2 F P6b 1.0 0.50 5
3 F P6b 0.1 - 5
4 M P6e 0.1 0.50 5
5 M Poe 1.0 0.50 5
6 M P6e 0.1 - 5
7 M Placebo (PBS) - - 5

[0239] Following vaccination, vaccinated and control mice were intraperitoneally
challenged at day 56 with 10* PFU of ZIKAV PRVABC59 (low passage). Serum samples
collected after primary (D27) and secondary (D55) immunizations were tested for ZIKAV-
specific neutralizing antibody response (FIG. 13B and Table 7). Only groups receiving the
high dose of alum-adjuvanted vaccine (groups 2 and 5) elicited a neutralizing antibody
response alter a single immunization, which increased dramatically after boosting. In
contrast, groups receiving either the low or high dose of alum-adjuvanted vaccine produced a
high neutralizing antibody response after a second dose. Upon receiving two doses of
vaccine, there was no statistical difference between groups of mice receiving alum-

adjuvanted vaccine, regardless of the dosage or the derivation [rom the P6 clone.

Table 7: ZIKAV-specific neutralizing antibody response
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Serum neutralizing antibody titers
D27 (prime) D55 (boost)
Group | Formulation GMT % sc GMT % sc
] P6b 0.1 g + <20 40 1280 100
alum
2 P6b 1.0 ug + 135 30 2229 100
alum
3 P6b 0.1 pg - <20 0 <20 0
alum
4 P6e 0.1 ug + <20 20 640 100
alum
5 P6e 1.0ng + 30 100 905 100
alum
6 P6e 0.1 g - <20 0 <20 20
alum
7 PBS <20 0 <20 0

[0240] All groups were also monitored for mortality, morbidity and weight loss for 21
days post challenge. Viremia following challenge was detected and quantitated by plaque
titration. Mice vaccinated with a low or high dose of PIZV candidates formulated with alum
(groups 1, 2, 4 and 5) were fully protected from lethal ZIKAYV challenge, as assessed by the
plaque reduction neutralization test (PRNT) assay, as well as a comparable secondary
neutralization assay (Table 8). No weight loss or clinical signs of illness were observed in
vaccinated mice, none had detectable infectious viremia three days post challenge, and all
mice vaccinated with either low or high dose antigen + alum adjuvant survived to 21 days
post-challenge (FIGS. 14-16). In contrast, challenge of all naive mice resulted in high
viremia on day 2 post challenge and morbidity/mortality between day 10 and 18 post
challenge (median survival = D13). Additionally, challenge ol mice vaccinated with a non-
alum-adjuvanted low dose vaccine derived from strain P6b resulted in high viremia on day 2
post challenge and a median survival day similar to the placebo control group, while mice
vaccinated with a non-alum-adjuvanted low dose derived from clone e remained partially
protected with a median survival of 19 days. These resulls indicate immunization is more
effective with alum, secondary immunization may be a requirement, and that low dose was as

effective as high dose.

Table 8: Serum neutralizing antibody titers

Serum neutralizing antibody titers

Pool Terminal (post challenge)

PRNTS5, Secondary assay
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Alum (1,2,4,5) 10240 20480
No alum (3,6) 2560 2560
PBS (7) 1280 1280

[0241] Additionally, the presence of NS1 in the vaccine drug substance (DS) produced
from whole inactivated P7b and P7e virus (one additional passage from the P6b and P6e
strains, respectively) was tested. A sandwich ELISA was performed using plates pre-coated
with a monoclonal antibody reactive to both Asian and African lineages of Zika virus NS1,
but non-cross-reactive to Dengue NS1. Duplicate 2-, 4-, 8-, 16-, and 32-fold dilutions of DS
were prepared, and were compared to a standard curve using recombinant purified NS1 in
duplicate at a concentration of 0-8 ng/mL. Duplicate dilutions of DS buffer alone were
prepared as negative controls. Bound NS1 was detected with anti-NS1 HRP-conjugate, and
absorbance (Ass0-Agzo) of the wells with DS buffer alone was subtracted from the absorbance
measured in the wells containing the matching DS samples. Results of the sandwich ELISA
are shown in Table 9 below. Interestingly, NS1 was observed to co-purify with the vaccine
drug substance preparations, suggesting that viral NS1 may be an immunogenic component

of the whole inactivated virus vaccine.

Table 9: NS1 ELISA
Strain in vaccine [Sample| Predicted | Std Lower | Upper | Dilution Predicted
preparation OD |log ng/mL| Error | 95% 95% Factor |concentration (ng/mL)
P7b 3.61 0.951 0.018 0915 0.986 32 ~285
P7e 3.79 0.980 0.023 | 0935 1.024 32 ~306

[0242] The threshold of neutralizing antibody (Nab) needed to confer protection from
wild-type Zika virus challenge alter passive transler of antibodies was next tested. (Tables

10A and B).

Table 10A: design of passive transfer study in AG129 mice

Group Test Article Serum dilution Predicted Nab titer before IP
1 100 pL 13 6827/3.83
2 100 pL 1/9 2276/ 3.36
3 100 pLL 1127 759/2.88
4 100 pL 1/81 2537240
5 100 pL. 1/243 84/1.93
6 100 pLL 17729 2871.45
7 100 uL 1/2187 9/0.97
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| 8 | 100 uL. [ PBS |

Table 10B: Timing of passive transfer study in AG129 mice

Description Study Day
Passive trans(er Day 0
Primary Bleed (AM) Day 1
Challenge (PM) Day 1
Viremia Bleed Day 4
Terminal Bleed Day 29 for survivors

[0243] Pooled serum from vaccinated and challenged AG129 mice was serially diluted 3-
fold in PBS and intraperitoneally injected into 7 groups (N=5/group) of 5-6 week old AG129
mice. Pre-immune AG129 mouse serum was used as placebo control (group 8). Following
passive transfer (~16-19 hours later), whole blood was collected and serum was separated by
centrifugation from each mouse prior to virus challenge for determination of circulating
neutralizing antibody titer (FIG. 17). Just prior to virus challenge, groups of mice (designated
groups 1, 2, 3,4, 5, 6,7, 8) had mean log10 neutralizing antibody titers of 2.69, 2.26, 1.72,
1.30, <1.30, <1.30, <1.30, <1.30, respectively.

[0244] Twenty four hours following passive transfer of ZIKV nAbs, mice were
intraperitoneally challenged with 10* pfu of ZIKV PRVABC59. Following challenge,
animals were weighed daily and monitored 1-3 times a day for 28 days for signs of illness. A
clinical score was given to each animal based on the symptoms (Table 11). Animals that
were moribund and/or showed clear neurological signs (clinical score >2) were humanely

euthanized and counted as non-survivors.

Table 11: Description of clinical scores given while monitoring for morbidity and

mortality
Score Description
0 Normal appearance and behavior
1 Slightly ruftled fur and/or general loss of condition
” [ncreases in above behavior/appearance, breathing changes, (wilching,
- anti-social behavior
First signs of neuropathy — Severely hunched posture, partial paralysis
3 (immobility, unsteady gait, flaccid hind legs, severe twitching), or full
aralysis
4 Found dead without showing signs of score of 2 or 3 first
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[0245] Signs of disease began appearing nine days after challenge in the control group
(group 8) and groups 5-7, with a corresponding loss in weight (FIG. 18). Whole blood was
collected and serum was separated by centrifugation from each animal three days post
challenge. Serum samples were analyzed for the presence of infectious ZIKV using a plaque
titration assay (FIG. 19). The mean infectious titer (logio pfu/mL) for mice in groups 1-8
were: 1.66, 2.74, 4.70, 4.92,7.24,7.54, 7.54 and 7.46, respectively. Importantly, mice in
groups 1-4 with detectable levels of ZIKV neutralizing antibodies (>1.30 log,o) had
statistically significant lower levels (102.5- to 106.0- fold lower titers) of viremia (p =
0.0001, 0.0003, 0.0007 and 0.0374) than control mice. These results suggested that detectable
levels of ZIKV neutralizing antibodies (>1.30 log10) reduced viremia in a dose-dependent

manner.

[0246] The median survival day of mice in groups 1-8 were: not determined, day 17, day
17, day 13, day 11, day 11, day 11, and day 10, respectively (FIG. 20). Importantly, the

survival curves for groups of mice with detectable ZIKV neutralizing antibody titers (groups
1-4) were statistically different compared to the control group (group 8) (p = 0.0019, 0.0019,
0.0019, 0.0153, respectively). These results suggested that detectable levels (>1.30 logo) of

ZIKV neutralizing antibodies delayed onset of disease in a dose-dependent manner.

[0247] Finally, the ZIKV neutralizing antibody titer of each animal was graphed against
its corresponding viremia titer and linear regression analysis was performed. A highly
inversely correlated relationship between ZIKV neutralizing antibody titers and viremia
levels at day 3 post-challenge was observed (FIG. 21). A summary of the results from the

passive transfer studies is shown in Table 12 below.

Table 12: Summary of passive transfer results

Circulating ZIKV . . %0 Median
Serum Viremia (D3) . .

Group dilution nAb 10210 pfu/mL survival survival
GMT P (D28) day
1 1/3 2.69+0.17 1.66 £0.62 20 24
2 1/9 226+0.13 2.73 £0.68 0 17
3 127 1.72£0.16 4.69 £0.77 0 17
4 1/81 1.30£0.16 494 +£1.29 0 13
5 1/243 <1.30 7.25+0.10 0 11
6 1/729 <1.30 7.54£0.31 0 11
7 1/2187 <1.30 7.52 £0.39 0 11
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8 PBS <1.30 747 +£0.37 0 10

[0248] While no groups of mice receiving ZIKAV neutralizing antibodies were fully
protected from lethal ZIKAYV challenge in this experiment, reduced viremia levels and
delayed onset of disease in a dose-dependent manner among the groups of mice with

detectable levels of circulating ZIKAV neutralizing antibody titers was demonstrated.

[0249] Taken together, preclinical data from both CD-1 and AG129 mouse studies
indicate that a PIZV derived from separate and well-characterized viral clones are
immunogenic and able to provide protection against challenge with wild-type ZIKAV.
Importantly, a low and high vaccine dose elicited a similar neutralizing antibody response
after two doses, and provided similar levels of protection against lethal ZIKAV challenge.
Interestingly, mice vaccinated with an unadjuvanted PIZV candidate also showed partial
protection from ZIKAYV challenge. Vaccine antisera significantly diminished viremia in
passively immunized AG129 mice, and prolonged survival against lethal ZIKAV challenge.
These results also demonstrate that the well-characterized PIZV candidates were highly

efficacious against ZIKAYV infection in the highly ZIKAV-susceptible AG129 mouse model.

[0250] Additionally, it was found that the sequence of a PRVABCS59 (from PRVABC59
P6e) at passage 7 was genetically identical to that of passage 6. This was surprising given that
[laviviruses are generally regarded as genetically labile. PRVABCS59 P6e was selecled as the
master virus seed due in part to its genetic stability over 7 passages. Without wishing to be
bound by theory, it is believed that this enhanced genetic stability may be due to the single
amino acid substitution (W98G) in the wing domain of NS1, as this was the only mutation
observed in the Vero cell-adapted PRVABCS59 P6 genome. Additionally, genetic stability and
homogeneity is advantageous in that it reduces variability and increases reproducible

production of subsequent strains that may be used for vaccine formulation.

88

Page 106 of 139



1/21

FIG. 1

Mock

PRVABC59

Page 107 of 139



2/21

Iog1 0 TCIDgoimL

FIG. 2

PRVABCS59 P1
101

D 1 | | 1
0 24 48 72 96

Time {(hours post-infection)

Page 108 of 139



3/21

Average Log TCID50/mL

9.00

FIG.3

8.00

7.00 o
6.00
5.00
4.00 -~
3.00 -
2.00 -
1.00 e

0.00 -

P5a
PRVABC59

P5b
PRVABCS59

P5c

PRVABC59

P5d
PRVABC59

P5e
PRVABC59

P5f

PRVABC59

‘Titer

H

7.50

7.77

7.86

8.03

7.50

7.98

Page 109 of 139



4/21

FIG. 4
Harvest |

Harves

t2

Page 110 of 139



5/21

FIG. 5

RLE

L 5.00 4 W Alsorbant % Microscope @ plague

£ s00- \

z

o 7.8 -

]

o RO0

E

S 5.00 -

%

2 200

o

m@ 3.00 - \M

-

2.00 - 7 \
2
M‘g . \ \ &
RGa P6h Pac Phd Poe pat
PRVABCSY PRYWABICESD PRVABCLYD PRVABLSG PRVAB(CRS PRVABCSS

B Absorbance 9.06 #.54% 9.25 2.39 8.42 7.76
% Wiicroscope B.42 8.67 B.50 233 B.64 752
# nlague 7.04 7.63 7.33 Z.30 734 7.33

Page 111 of 139



GERT v ANIG
EREGY £ ANIT
el 7 ANIG
LOO8Y T ARG

Adé

6/21

AdL
A

OGRIBYAMG AME
BG4 GEIFY AL ANIT

Env-330

Page 112 of 139

9 "DIA



7121

LI PRVABIUSER Fie
LI PRVABLSS
WY

A

SLEYV

YFY

DENY T 16007
DEMY 2 16681
DENY 3 16562
DENY 4 1036

F1G.7

Page 113 of 139



8/21

Page 114 of 139

S8

K |



Average dlameter {mm)

J—

az1s anbe|d

6 "D



{uonyoaul ysod sinoy) sun |

10/21

Iﬁgqg TCI Dsgfml_

Page 116 of 139

01 "OIA



11/21

FIG. 11

v iy
W\ Yero colls Pro VS virus

4

\\
f

. ) N ;

] e

RESUSCITATION  wasy ¢EED & INFECT CELLS
Wgdhure with FES Sorum Fose Medum

Gingssestint
B
poc, i, o4
——y G “\mb.\. ‘.o%t:*

%P

Km.w‘w.\\\h\.. 5 e
s, 4

G

SRUG
SUBBTANGE

P W = 9 R
>, W 7, PP

DRUG PRODUCT

Page 117 of 139



12/21

feq

L O X T 0
AT Ny @_g
%, Saas § @
3 D
& §F R &
> §38 }
P A"
R
;\\“\\\;\:\: |::
. ‘”
: . W
BRI LR ®
; : R =3 =
%, S Rl 5 t
> PN T N -
> DT s Jy N ]
: . A ,
S :33 i S| o
\ : = ,
-l = ~
: @ op)
L NI =
%} H R =)
w3, Poow el 3
Lo : COR . B ES
s |3§” Q
o
* Q
( ] (J’I—
N
» & W & R i
a4 =2 =2 =5 2892
W e = = £ £ .
®E B & @ & 0]
= + + + 0+ &
2 2 2 8 8 ~ Q.
£ 5 3 3 3 o
232232 a
a® ® & &
o

Page 118 of 139

\44Bn K|



13/21

Lﬁgm EQ;}@

FIG. 13A

Frime Bopst  Challenge Sludy end

2

Day 0 28 55 77

FIG. 13B

Serum ZIKV nAbs

91 #z 0.1 ug+alum P8k
% =z 1.0 ug + alum P8k
41 # v “ 4 0.1 ugho alum P6b
3 R rr # 0.1 ug +alum P8e
TET % #z 1.0 ug+alum Pée
5 % % # 0.1 ugne alum Pée
T “ » FBS
Ln\@. ...... * [E— . ‘~
146%% % didis G-
0 T
G &
mmw Q&&

Page 119 of 139



sbus|leys isod sAep

14/21

% starting weight

Page 120 of 139

—
3%
o
o ~00 -0
m_xt:)_a._xf:_)_‘.
O)EECCCC
el el ol il Ca g Cw
L+ o+ 4+ 4
Do
T = = C = -~
[ | o v
333333
T v
o T O
oy O3 :
ar > o 3
T o oo

14 BNIK |



15/21

FIG. 15

7 .
- ml i:&wm:: \\. c.
m 51 &
2 4
o
=] m..
% 7 1 SOOI
= 1] %% =n W hoh
0 T T _
@é @ @ &
&e %@ A %@ %a %& @@
f\..ww .WW.\ ,._hu. ...NV /f@ ._Wﬁu._
@@ Y &@ % O %9
O o AN

Page 121 of 139



16/21

50

Percent survival

-
Lo
L

FIG. 16

H

] T \leh T
0 7 14 21
days post challenge

-+ PBS

-# (0.1 ug + alum P6b
-4 1.0 ug + alum P&b
- .1 Ug - alum P&b

- 0.1 ug + alum Pée

- 1.0 ug + alum PGe

- (3.1 ug - alum P&e

Page 122 of 139



17121

Semam nibs

FIG. 17

............................................ O, S

Sesgrere

1
2

Gy

.“\ - e leed
% s
........... e

Giptp o
iy 7
iy G-
a4 -
Givkgy b
Giroup 6
Grcagy ¥

Sh0kg B

Sosys

SRR

Bessr

Loyt

Laeri o

Gt
et
P

143
1%
1727
1781
17243
1Fes
12EY

Page 123 of 139



18/21

Mean weight {g)

FIG. 18

Weight

6 2 4 6 8 1012141618 20 22 24 26 28
days post challenge

EEEE

Crosp
e
L3
AR
o
o

A

1 - Daruen dfdion

2 - Berun dlhdion

3 - Benen Ghdion

4 - sHbon
5 - Sororn Shation

% Serum dhd
¥« Berpn dhdion

%~ PES

134G

1729

172487

Page 124 of 139



19/21

lot PFUML

¥

FIG. 19

Viremia

Py

g G

i

=
&\i\“.
R
&

e e
Gnto
R

il o

2 g

Group 3
g 174
Group ET
eG4 1R
s 15243
Uroyp G- T2y

e 7 - i 2187

o & F

Page 125 of 139



20721

Percent survival

FIG. 20

Survival

Y 11 —— N — = DIoup 14%
ar v * B Group 7 Fie
80~ - “fee  Gran B - Seium diohion 1727
56 - e Group 4 - Serum diglion 1781
e Crondy G~ Sarumn dlufion 1243
4 2 e Corasp B - Serom didtion 1799
204 &w Grpap 7 - Serum dulion 1207
~ Group - PES
H] | et 1 Birwgmmmsmipfigpnprosssppaassssgpmssssogpmasn

0 24 6 8101214161820 22 24 26 28
days post challenge

Page 126 of 139



21721

log o pfuiml

FIG. 21

correlates of D3 viremia

m

R?=0.837
p < 0.0001

Page 127 of 139



PTO/AIA14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

606773001301

Application Number

Title of Invention

ZIKA VACCINES AND IMMUNOGENIC COMPOSITIONS, AND METHODS OF USING THE SAME

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the

document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 11

Remove

Legal Name

Prefix| Given Name

Middle Name

Family Name

Suffix

| [] P

A

| ivengood

| [

Residence Information (Select One)

® US Residency

Non US Residency

Active US Military Service

City | fort Collins

State/Province

CO

Country of Residence s

Mailing Address of Inventor:

Address 1

/o Takeda Vaccines, Inc.

Address 2

75 Sidney Street

City | Pambridge

I State/Province

| Jaa

Postal Code

| )02139

| Countryi

\ |us

Inventor 2

Remove

Legal Name

Prefix| Given Name

Middle Name

Family Name

Suffix

| [+] ot

[Siebler

| [

Residence Information (Select One) (@) US Residency

Non US Residency

Active US Military Service

Fort Collins

City |

State/Province

CO

Country of Residence s

Mailing Address of Inventor:

Address 1

/o Takeda Vaceines, Inc.

Address 2

75 Sidney Street

City | Pambridge

I State/Province

| Jaa

Postal Code

| )02139

| Countryi

\ |us

Inventor 3

Remove

Legal Name

Prefix| Given Name

Middle Name

Family Name

Suffix

| El INhitney

IBaIdwin

| U]

Residence Information (Select One) (®) US Residency

Non US Residency

Active US Military Service

EFS Web 2.2.12

Page 128 of 139



PTO/AIAM4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond fo a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 606773001301

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | ZIKA VACCINES AND IMMUNOGENIC COMPOSITIONS, AND METHODS OF USING THE SAME

City | [Fort Collins State/Province | O Country of Residencd | s

Mailing Address of Inventor:

Address 1 /o Takeda Vaccines, Inc.

Address 2 75 Sidney Street

City | [rambridge | state/Province | FVIA
Postal Code | |02139 | Countryi ‘ |US

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El Flaire IY.H_ I(inney | El
Residence Information (Select One) (®) US Residency Non US Residency Active US Military Service

City | Fort Collins State/Province | [CO Country of Residencd s

Mailing Address of Inventor:

Address 1 C/o Centers For Disease Control And Prevention

Address 2 Technology Transfer Office, 4770 Buford Hwy (K79)

City | jtanta | state/Province | |GA
Postal Code | jpoast | Countryi ‘ |US

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 0872

Email Address PatentDocket@mofo.com Add Email Remove Email

Application Information:

Title of the Invention VIKA VACCINES AND IMMUNOGENIC COMPOSITIONS, AND METHODS OF USING THE SAME
Attorney Docket Number| 606773001301 Small Entity Status Claimed [ ]

Application Type Provisional -
Subject Matter Utility -
Total Number of Drawing Sheets (if any) 21 Suggested Figure for Publication (if any)

EFS Web 2.2.12

Page 129 of 139



PTO/AIAM4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond fo a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 606773001301

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | ZIKA VACCINES AND IMMUNOGENIC COMPOSITIONS, AND METHODS OF USING THE SAME

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Informaticn”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject te conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country N
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner () Limited Recognition (37 CFR 11.9)
Customer Number P0g72

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

v

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. Add

EFS Web 2.2.12

Page 130 of 139



PTO/AIA14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond fo a collection of information unless it contains a valid OMB control number.

. ) Attorney Docket Number | 606773001301
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | ZIKA VACCINES AND IMMUNOGENIC COMPOSITIONS, AND METHODS OF USING THE SAME

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.12

Page 131 of 139



PTO/AIAM4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond fo a collection of information unless it contains a valid OMB control number.

. ) Attorney Docket Number | 606773001301
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | ZIKA VACCINES AND IMMUNOGENIC COMPOSITIONS, AND METHODS OF USING THE SAME

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property {IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: {1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1.

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign |IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.12

Page 132 of 139



PTO/AIAM4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond fo a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 606773001301

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | ZIKA VACCINES AND IMMUNOGENIC COMPOSITIONS, AND METHODS OF USING THE SAME

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

If the applicant is the inventor {or the remaining joint inventor or inventers under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventer is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

-

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Ifakeda Vaccines, Inc.

Mailing Address Information For Applicant:

Address 1 75 Sidney Street

Address 2

City Cambridge State/Province MA
Country | bs Postal Code 02139
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

EFS Web 2.2.12

Page 133 of 139



PTO/AIAM4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond fo a collection of information unless it contains a valid OMB control number.

. ) Attorney Docket Number | 606773001301
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | ZIKA VACCINES AND IMMUNOGENIC COMPOSITIONS, AND METHODS OF USING THE SAME

Applicant Iz

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, perscn to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

@ Assignee Legal Representative under 35 U.5.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

B

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. 4

Organization Name [Centers For Disease Control And Prevention

Mailing Address Information For Applicant:

Address 1 770 Buford Hwy (K79)

Address 2 ITechnology Transfer Office

City tlanta State/Province GA
Cou ntr)) | LS Postal Code 30341
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
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application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
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Act (5US.C 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures tc opposing counsel in the course of settlement negotiations.
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a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by G5SA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2604 and 2906. Such disclosure shall be made in accordance with the G5A regulations governing inspection of
records for this purpose, and any other relevant (i.e.,, GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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