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SEC-MALLS analysis (Figure 17) of the sample confirmed the radius Rz of the monomer ZikaV
population peak 1 as 21.6 nm and ~49 nm for the multimer peak 2. Cumulative particle size
distribution showed that 89% of all viral particles are within a radius range between 18 to 25nm

(Figure 18).

Results confirm purity and homogeneity of ZikaV NIV.

Viral titer by plaque assay
Table 7: Active ZikaV pfus were quantified by plaque assay throughout the process.

Sample Pfu/mlL,
Harvest day 2 (filtered) 6.4x107
Harvest day 3 (filtered) 1.0x108
Harvest day 5 (filtered) 1.5x108
Harvest day 7 (filtered) 1.1x108
PS treated harvest 300x concentrate (=SGP load) 9.0x108
SGP pool 8.9x10°8
Inactivation start (SGP pool 1:3 diluted) 3.4x108
Inactivation day 5 <LOD

Inactivation day 10 <LOD

Comparison of PS and Benzonase on process performance

A direct comparison of DNA removal method of concentrated ZikaV harvest pool was done. One
aliquot was treated with PS (2 mg/mlL., 15min at room temperature), the other aliquot was treated with
Benzonase (50 U/mL, 2 mM MgCI2, 4h RT, 48h 2-8°C). Both samples were further purified by
sucrose gradient as described in this report. Interestingly, the Benzonase treated samples did not yield
any pure fractions after sucrose gradient centrifugation of the treated ZikaV harvest. In those fractions
where the specific virus bands were detected, a high amount of host cell protein was detected
throughout the collected fractions. The PS treated material resulted in pure ZikaV containing fractions
as expected. This finding may suggest that PS is not only effective for DNA removal by precipitation;
in addition it improves the recovery of virus particles in the gradient by disrupting interaction of DNA
(fragments) and virus particles. Benzonase treatment does not remove DNA, it only results in its
fragmentation. Residual DNA fragments might still interact with virus particles and residual HCPs
resulting in cross-contamination and co-purification in the sucrose gradient. Pooled SGP fractions
were also analysed by SEC-HPLC. Although a large peak was detected, SDS-PAGE confirmed that
this sample was highly contaminated with HCPs. A large peak might be detected at UV214 and
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280nm after SEC-HPLC analysis due to possible interaction of HCPs with large virus particles,

changing the UV absorbance.

Immunogenicity of Vero grown Zika virus

Immunization of mice

Prior to immunization, groups of tcn 6-wcck-old female CD1 mice were bled via vena facialis and
pre-immune sera were prepared. One intraperitoneal immunizations of 200 pL. were administered. A
dose titration (12 pg, 3 pg, 1 pg, 0.33 pg, 0.11 pg, 0.037 pg and 0.012 pg, equivalent to the protein
amount in IXIARO) of inactivated Zika virus formulated with aluminium hydroxide (AI(OH)3) at a
final concentration of 0.7%. Three weeks after immunization, blood was collected and immune sera
were prepared. All animal experiments were conducted in accordance with Austrian law (BGB1 Nr.

501/1989) and approved by “Magistratsabteilung 58”.

Plaque reduction neutralization test (PRNT)

Twelve well plates were used for PRNT. Each well was seeded with 1 mL medium containing 4x10°
Vero cells and incubated 35°C with 5% CO; overnight. Pools of heat inactivated sera from each dose
group were tested in triplicate. The target viruses (H/PF/2013 (SEQ ID NO: 13) or MR766 (SEQ ID
NO: 11)) were diluted to 100 pfu/165 uL. Equal volumes of target virus and serum dilution were
incubated at 35°C with 5% CO; for 1 hour. The cell culture medium was aspirated from the Vero cells
and 330 uL of the mixture target virus/serum dilution were added to each well and the plates were
rocked back and forth 5 times before incubating for 2 hours at 35°C with 5% COs. To each well 1 mL
of a 2% mcthylccllulosc solution containing EMEM and nutricnts was added, the platcs were then
incubated for 5 days at 35°C with 5% CO; before staining the cells for 1 hour with crystal violet/5%
formaldehyde and subsequently washed 3 times with deionized water. The plates were air dried and

the numbers of plaques in each well were manually counted.

Results

Neutralization was observed with serum pools from mice immunized with inactivated Zika virus
vaccine (H/PF/2013) down to 37 ng (dosing equivalent to the amount protein in IXIARO®) against
Zika viruses of both the Asian (H/PF/2013) and African (MR766) lineages (Figures 19 and 20,
respectively). Complete inhibition was seen at the 1:20 serum dilution with an immunization dose
down to 110 ng (dosing equivalent to the amount protein in IXIARO®). The neutralization of both the
Asian (H/PF/2013) and African (MR766) lineages of the Zika virus was equivalent, which indicates
high cross-neutralization between different Zika virus strains of the inactivated Zika virus vaccine

(H/PF/2013).
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Another neutralization assay was performed using the microneutralization assay as described by
Larocca, et al. (2016, Nature doi:10.1038/nature18952). It was found that the inactivated Zika virus of
the current invention had an MNS50 (microneutralization) titer of 90 at 1 pg of inactivated purified

virus.

Further methods: The immunogenicity of inactivated Zika virus preparations is assessed using a
mouse model of Zika infection. Groups of adult mice are immunized subcutaneously (s.c.) with 500,
50, or 5 ng of inactivated Zika virus with adjuvant (e.g. aluminium hydroxide with or without IC31®),
or without adjuvant. An additional group of mice receive PBS as a negative control. Each group is
administered the indicated inoculum at t=0 and in some cases also at three to four weeks later (t=3/4).
Beginning approximately three weeks after administration of the last immunization, serum samples
are obtained from each of the mice at regular intervals. The serum samples are tested for the presence

of neutralizing antibodies using PRNT.

The in vivo protective efficacy of the inactivated Zika virus preparations is also assessed using a
mouse model of Zika infection, i.e. IFN-alpha/beta receptor knock-out mice (A129) (see e.g. Dowall
et al., 4. March 2016, dx.doi.org/10.1101/042358) or blocking of the IFN-alpha/beta receptor by
administration of anti-lIFN-alpha/beta receptor monoclonal antibodies to C57BL/6 or BALB/c mice
(see e.g. Pinto et al., 7. December 2011, DOI: 10.1371/journal.ppat.1002407). For protection assays,
groups of 10 three- to eight-weeks-old Al129, C57BL/6 of BALB/c mice are inoculated
subcutancously in the hindquartcers with inactivated Zika virus with adjuvant (aluminium hydroxidc)
or without adjuvant at t=0. Age-matched controls are inoculated with PBS or non-specific antigens in
alum. Mice are optionally boosted with a second administration of the indicated inoculation three to
four weeks later. The mice are then challenged subcutaneously at three to eight weeks post
immunization by inoculation with a deadly dose of live Zika virus. One day prior to challenge of
C57BL/6 and BALB/c mice, they are passively administered (intraperitoneally) anti-IFN-alpha/beta
receptor monoclonal antibodies. Challenged mice are monitored daily for morbidity and mortality for
up to twenty-one days. Another alternative is to challenge intracranially adult vaccinated/non-

vaccinated adult mice and observe protection.

It is expected that the Zika virus produced by the process of the invention will provide very similar
functional read-outs in in vitro, in vivo and finally human trials as the currently licensed JEV vaccine
in the EU and US and elsewhere, IXIARO®. The dosage may alter but due to the very similar

impurity profile and almost identical manufacture, a very similar efficacy and safety result will be
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expected as was determined for the currently licensed JEV vaccine (licensed in the EU and US and

elsewhere).

Discussion & Conclusion

The existing manufacturing platform for production of inactivated JEV vaccine IXIARO® was used
as a basis for a manufacturing fcasibility study of inactivatcd ZikaV vaccinc candidatc (Asian strain
H/PF/2013). The virus was produced on Vero cells cultivated in roller bottles. The virus was purified
by PS treatment followed by an optimized sucrose gradient. Inactivation was done by formalin treat
(0.02 %, 10 days at 22 °C). For exploratory immunization studies in mice, a DP formulated with
Alum was prepared with an estimated 5-fold higher virus particle content compared to IXIARO®, the
commercial JEV Vaccine. The impurity profile of the DS met all criteria as defined in the
specification for IXIARO®, the commercial JEV vaccine. The neutralization of both the Asian
(H/PF/2013) and African (MR766) lineages of the Zika virus was equivalent, which indicates high
cross-neutralization between different Zika wvirus strains of the inactivated Zika virus vaccine

(H/PF/2013).

The in vivo data regarding immunogenicity of the inactivated Zika virus vaccine of the current
invention indicates that the virus is surprisingly potently immunogenic and also highly cross-
protective (very similar immunogenicity in African and Asian strains). Data indicate that
immunogenicity was higher than the recently reported inactivated Zika virus vaccine candidate
(Larocca, et. al, 2016, supra.). Inactivated viruses are among the safest vaccines and especially
preferred for deliver to populations where safcty is cspecially concerning, such as pregnant women,
children and immunocompromised individuals, which makes the herein disclosed inactivated Zika
virus particularly suitable. Obtaining a high titer of inactivated virus is a challenge in the field. The
herein disclosed process for purifying inactivated Zika virus results in not only a high yield, but also a

very pure drug substance.

Further more detailed aspects of the invention:

Al. A Zika virus vaccine comprising an inactivated Zika virus particle, wherein the Zika virus
particle is able to seroconvert a subject that is administered the Zika virus vaccine with at least a 70%

probability.

A2. The Zika virus vaccine of Al, wherein the Zika virus particle is able to seroconvert the

subject that is administered the Zika virus vaccine with at least a 80%, 85%, 90%, or 95% probability.
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A3, The vaccine of Al or A2, wherein the Zika virus particle has a RNA genome corresponding
to the DNA sequence provided by any one of the nucleic acid sequences of SEQ 1D NOs: 2-13 or 72,
or a variant nucleic acid sequence that is at least 88% identical to any one of SEQ ID NOs: 2-13 or 72

and able to pack a virulent Zika virus.

A4. The vaccine of any one of A1-A3, wherein the Zika virus particle has an E protein selected
from the amino acid sequences provided by any one of SEQ ID NOs: 14-69, or a variant amino acid
sequence that is at least 95% identical to any one of SEQ ID NOs: 14-69 and able to pack a virulent

Zika virus.

AS. The vaccine of any one of A1-A4, wherein the Zika virus is inactivated by chemical

inactivation, thermal inactivation, pH inactivation, or UV inactivation.

AG. The vaccine of AS, wherein the chemical inactivation comprises contacting the Zika virus

with a chemical inactivation agent to completely inactivate the Zika virus as measured by plaque

assay.
AT. The vaccine of A6, wherein the chemical inactivation comprises contacting the Zika virus
with formaldehyde.

AS. The vaccinc of A7, whercein the formaldchydc inactivation compriscs contacting the Zika

virus with formaldehyde for between 2-10 days.

A9. The vaccine of any one of A5-A8, wherein the chemical activation is performed at about

+4°C or about +22°C.

A10. The vaccine of any one of A1-A9, further comprising an adjuvant.

All. The vaccine of A10, wherein the adjuvant is an aluminum salt adjuvant.

Al12. The vaccine of All, wherein the aluminum salt adjuvant is aluminium hydroxide or

aluminium phosphate salt.
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A13. The vaccine of any one of A10-A12, wherein the vaccine comprises or further comprises an
adjuvant comprising a peptide and a deoxyinosine-containing immunostimulatory oligodeoxynucleic

acid molecule (I-ODN).

Al4. The vaccine of A13, wherein the peptide comprises the sequence KLKLSKLK (SEQ ID NO:
71) and the I-ODN compriscs oligo-d(IC)13 (SEQ ID NO: 70).

A15. The vaccine of any one of A1-A14, further comprising one or more pharmaceutically

acceptable excipient.

Al16. The vaccine of any one of A1-A15, wherein the vaccine contains protamine sulphate or
fragments or break-down products of PS at amounts too low to detect by HPLC, i.e., below 1 pg/mL,
especially below 100 ng/mL.

A17. The vaccine of A16, wherein said protamine sulphate or fragments or break-down products of

PS can be detected by mass spectroscopy or another sensitive method.

BI1. A kit comprising a Zika virus vaccine of any one of A1-A1S5.
B2. The kit of B1, further comprising a second vaccine.
B3. The kit of B2, wherein the second vaccine is a West Nile virus vaccine, a Japanese

Encephalitis virus vaccine, a Yellow Fever virus vaccine, a Dengue virus vaccine or a Chikungunya

virus vaccine.

Cl1. A method, comprising administering a first dose of a therapeutically effective amount of the

Zika virus vaccine of any one of A1-A15 to a subject in need thereof.

C2. The method of C1, further comprising administering a second dose of a therapeutically

effective amount of the Zika virus vaccine.

C3. The method of C1 or C2, wherein the second dose of the Zika virus vaccine is administered

about 7 days after the first dose of the Zika virus vaccine.
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C4. The method of C1 or C2, wherein the second dose of the Zika virus vaccine is administered

about 14 days after the first dose of the Zika virus vaccine.

Cs. The method of C1 or C2, wherein the second dose of the Zika virus vaccine is administered

about 28 days after the first dose of the Zika virus vaccine.

C6. The method of any one of C1-C5, wherein the administering results in production of Zika

virus neutralizing antibodies.

D1. A method of producing a Zika virus vaccine, comprising

(i) passaging a Zika virus on Vero cells, thereby producing a culture supernatant comprising
the Zika virus;

(i1) harvesting the culture medium of (i);

(ii1) precipitating the harvested culture medium of (ii), thereby producing a Zika virus
supernatant; and

(iv) optimally inactivating the Zika virus in the Zika virus supernatant of (iii) thereby

producing an inactivated Zika virus.

D2. The method of D1, further comprising concentrating the culture medium of (ii) prior to step
(iit).
D3. The method of D1 or D2, wherein the precipitating of (iii) comprises contacting the culture

medium of (ii) with protamine sulfate or benzoate.

D4. The method of any one of D1-D3, further comprising (v) dialyzing the inactivated Zika virus
of (iv), thereby producing a dialyzed Zika virus.

Ds. The method of D4, further comprising (vi) filtering the dialyzed Zika virus of (v).

Deé. The method of any one of D1-D5, wherein the inactivating is by chemical inactivation,

thermal inactivation, pH inactivation, or UV inactivation.
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D7. The method of D6, wherein the chemical inactivation comprises contacting the Zika virus

with a chemical inactivation agent for at least 4 days.

D8. The method of D6 or D7, wherein the chemical inactivation agent comprises formaldehyde.

Do. The method of any onc of D6-D8, wherein the chemical activation is performed at about

+4°C or about +22°C.

D10. The method of D8 or D9, further comprising neutralizing the formaldehyde.

D11. The method of D10, wherein the neutralizing is performed with sodium metabisulfite.

El. The use of the optimally inactivated Zika virus vaccine of any one of A1-A15 for the

treatment and/or prevention of a Zika virus infection.

E2. The use of E1, wherein the inactivated Zika virus vaccine is administered in a first dose of a

therapeutically effective amount to a subject in need thereof.

E3. The use of E2, wherein the inactivated Zika virus vaccine is administered in a second dose of

a therapeutically effective amount to the subject.

E4. The use of E3, wherein the second dose of the inactivated Zika virus vaccine is administered

about 7 days after the first dose of the Zika virus vaccine.

ES. The use of E3, wherein the second dose of the Zika virus vaccine is administered about 14

days after the first dose of the Zika virus vaccine.

E6. The use of E3, wherein the second dose of the Zika virus vaccine is administered about 28

days after the first dose of the Zika virus vaccine.

E7. The use of any one of E1-E6, wherein the vaccine administration results in production of Zika

virus neutralizing antibodies.
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F1. A pharmaceutical composition for use in the treatment or prevention of a Zika virus infection,
wherein said pharmaceutical composition comprises the optimally inactivated Zika virus vaccine of

any one of A1-A15.

F2. The pharmaceutical composition of F1, wherein the inactivated Zika virus vaccine is

administered in a first dosc of a therapcutically cffcctive amount to a subjcct in need thercof.

F3. The use of F2, wherein the inactivated Zika virus vaccine is administered in a second dose of

a therapeutically effective amount to the subject.

F4. The use of F3, wherein the second dose of the inactivated Zika virus vaccine is administered

about 7 days after the first dose of the Zika virus vaccine.

F5. The use of F3, wherein the second dose of the Zika virus vaccine is administered about 14

days after the first dose of the Zika virus vaccine.

Fo. The use of F3, wherein the second dose of the Zika virus vaccine is administered about 28

days after the first dose of the Zika virus vaccine.

F7. The use of any one of F1-F6, wherein the vaccine administration results in production of Zika

virus neutralizing antibodies.

G1. Use of an optimized sucrose gradient centrifugation for removal of protamine sulphate from

purified infectious Zika virus particles.

G2. The use according to G1, wherein said optimized sucrose gradient centrifugation comprises a
virus comprising fraction in a 10% +/- 1% (w/w) sucrose solution and three further layers of sucrose
solutions with different densities, i.e. a first sucrose solution with 15% +/- 1% (w/w) sucrose, a
second sucrose solution with 35% +/- 1% (w/w) sucrose, and a third sucrose solution with a 50% +/-

1% (w/w) sucrose.

G3. A process of purification of infectious Zika virus particles, comprising the steps of:
a) providing a crude harvest (a) comprising virus particles and impurities, wherein the

impurities are generated from growing said virus particles on a cell substrate;
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b) reducing impurities from the crude harvest (a) by precipitation with an agent comprising
protamine, preferably a protamine salt, more preferably a protamine sulphate, even more
preferably a recombinant protamine sulphate, to obtain a virus preparation (b);

c) further purifying the virus preparation (b) by an optimized sucrose density gradient
centrifugation, wherein the optimized sucrose gradient is provided such that the
protaminc can be completely or almost complcetely scparated from the virus fraction; and
wherein the protamine concentration is reduced by this step to the extent that the
protamine concentration in the final drug substance is below 1 pg/ml, preferably below

0.5 pg/mL, more preferably below 0.1 ug/mL, most preferably below 0.05ug/mL.

G4. The process of G3, wherein said optimized sucrose density gradient centrifugation comprises
a virus comprising fraction in a 10% +/- 1% (w/w) sucrose solution and three layers of sucrose with
different densities, i.e. a first sucrose solution with 15% +/- 1% (w/w) sucrose, a second sucrose
solution with 35% +/- 1% (w/w) sucrose, and a third sucrose solution with a 50% +/- 1% (w/w)

SUCTrosc.

GS. The process of any one of G3 to G4, additionally comprising a further purification step of:

(d) a solid-phase matrix packed in a column comprising a ligand-activated core and an inactive shell
comprising pores, wherein the molecular weight cut off of the pores excludes the virus particles from
entering the ligand-activated core, and wherein a molecule smaller than the molecular weight cutoff of

the pores can enter the ligand-activated core and collecting the virus particles.

G6. The process of any of G3 to G5, wherein the residual host cell DNA content of the Zika virus
preparation (c) is less than 10 ng/mL and the residual host cell protein content of the final virus

preparation (c) is less than 100 ng/mL.

G7. The process of any of G3 to G6, wherein said crude harvest (a) comprising Zika virus

particles and impurities is subjected to one or more pre-purification step(s) prior to step (b).

G8. The process of G7, wherein the one or more pre-purification step(s) comprises
a) filtration using a filter having a pore size equal to or less than 0.2 pm; and/or
b) digestion of host cell genomic DNA by enzymatic treatment; and/or
c) ultra/diafiltration using a hollow fiber membrane having a pore size equal to or greater

than 300 kDa, preferably equal to or greater than 100 kDa.
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GO. The process of any one of G3 to G8, wherein the concentration of protamine sulphate is 0.5 to
3 mg/ml, more preferably 1 to 2 mg/ml, more preferably 1.2 to 1.8 mg/ml, more preferably 1.4 to 1.6
mg/ml, most preferably 1.6 mg/ml or 2 mg/ml.

G10. The process of any one of G3 to G9, wherein the enrichment of infectious Zika virus particles
in the virus preparation (c¢) or any final virus prcparation rclative to total virus products in the crude

harvest (a) is in the range from at least 50% to 95%, preferably at least 80%.

G11. The process of any one of G7 to G10, wherein the one or more pre-purification step(s) prior to
step (b) of any of G8 to G11 is performed using a filter having a pore size equal to or less than 1 um,

preferably 0.2 pm.

G12. The process of any one of G3 to G11, wherein the residual impurity of the Zika virus

preparation (c) is less than 10%.

G13.  The process of any one of G3 to G12, wherein the Zika virus is propagated in a cell line
selected from the group consisting of an EB66 cell line, a Vero cell line, a Vero-aHis cell line, a HeLa
cell line, a HeLLa-S3 cell line, a 293 cell line, a PC12 cell line, a CHO cell line, a 3T3 cell line, a
PerC6 cell line, a MDSK cell line, a chicken embryonic fibroblast cell line, a duck cell line, and a

diploid avian cell line.

G14. The process of (313, whercein said ccell linc is a Vero cell linc.

G15. The process of any one of G3 to G14, wherein said infectious Zika virus particle is an
infectious virus particle that is a live virus, a live attenuated virus, a chimeric virus, a modified live

virus, or a recombinant live virus.

G16. The process of any one of G3 to G15, wherein said Zika virus is preferably a strain of the

Asian lineage.

G17. The process of any one of G3 to G16, wherein said process resulting in final virus preparation
(c) or (d) is followed by an inactivation step, wherein the virus is inactivated preferably by

formaldehyde.
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G18. Use of the process according to any one of G3 to G17 for manufacturing a composition for

immunization against a virus infection.

G19. The use according to G18, wherein said virus infection is an infection caused by a Zika virus.

Q1. A proccss of purification of infcctious Zika virus particles, comprising the steps of:

(a) providing a crude harvest (a) comprising Zika virus particles and impurities, wherein the
impurities are generated from growing said virus particles on a cell substrate;

(b) reducing impurities from the crude harvest (a) by precipitation with an agent comprising
protamine, preferably a protamine salt, more preferably a protamine sulphate, even more preferably a
recombinant protamine sulphate, to obtain a virus preparation (b);

(©) further purifying the virus preparation (b) by an optimized sucrose density gradient
centrifugation, wherein the optimized sucrose gradient is provided such that the protamine can be
completely or almost completely separated from the virus fraction; and wherein the protamine
concentration is reduced by this step to the extent that the protamine concentration in the final drug
substance is below 1 pg/ml, preferably below 0.5 pg/mL, more preferably below 0.1 pg/mL, most
preferably below 0.05ug/mL.

Q2. The process of Q2, wherein the virus particles are from Zika virus.

Q3. The process of Q1 or Q2, additionally comprising the step of:

(d) a solid-phasc matrix packed in a column comprising a ligand-activated corc and an inactive
shell comprising pores, wherein the molecular weight cut off of the pores excludes the virus particles
from entering the ligand-activated core, and wherein a molecule smaller than the molecular weight

cutoff of the pores can enter the ligand-activated core and collecting the virus particles.

Q4. The process of any of Q1 to 3, wherein the residual host cell DNA of the virus preparation (c¢)
is less than 10 ng/mL and the residual host cell protein of the final virus preparation (c) is less than

100 ng/mL.

Q5. The process of any of Q1 to 4, wherein the crude harvest (a) comprising virus particles and

impurities is subjected to one or more pre-purification step(s) prior to step (b).

Q6. The process of Q5, wherein the one or more pre-purification step(s) comprises
(a) filtration using a filter having a pore size equal to or less than 0.2 um; and/or
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(b) digestion of host cell genomic DNA by enzymatic treatment; and/or
(c) ultra/diafiltration using a hollow fiber membrane having a pore size equal to or greater than

300 kDa, preferably equal to or greater than 100 kDa.

Q7. The process of any one of Q1 to 6, wherein the concentration of protamine sulphate is 0.5 to 3
mg/ml, morc prcferably 1 to 2 mg/ml, morc preferably 1.2 to 1.8 mg/ml, morc preferably 1.4 to 1.6
mg/ml, most preferably 1.6 mg/ml or 2 mg/ml.

Q8. The process of any one of Q1 to 7, wherein the enrichment of infectious virus particles in the
virus preparation (c) or any final virus preparation relative to total virus products in the crude harvest

(a) is in the range from at least 50% to 95%, preferably at least 80%.

Q9. The process of any one of Q5 to 8, wherein the one or more pre-purification step(s) prior to
step (b) of any of Q5 to § is performed using a filter having a pore size equal to or less than 1 pm,

preferably 0.2 pm.

Q10. The process of any one of Q1 to 9, wherein the residual impurity of the virus preparation (c)

is less than 10%.

Q11. The process of any one of Q1 to 10, wherein the virus is propagated in a cell line selected
from the group consisting of an EB66 cell line, a Vero cell line, a Vero-oHis cell line, a HeLa cell
linc, a HeLa-S3 ccll linc, a 293 ccll linc, a PC12 ccll line, a CHO ccll linc, a 3T3 ccll linc, a PcrC6
cell line, a MDSK cell line, a chicken embryonic fibroblast cell line, a duck cell line, and a diploid

avian cell line.

Q12. The process of Q11, wherein said cell line is a Vero cell line.

Q13. The process of any one of Q1 to 12, wherein the infectious virus particles is an infectious Zika
virus particle that is a live virus, an attenuated live virus, a chimeric virus, a modified live virus, or a

recombinant live virus.

Ql4. The process of any one of Q1 to 13, wherein the Zika virus is a Zika virus strain of the Asian

lineage or an immunogenic variant thereof.
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Q15. The process of any one of Q1 to 14, wherein said process resulting in final virus preparation
(c) or (d) is followed by an inactivation step, wherein the virus is inactivated preferably by

formaldehyde.

Q16. Use of the process according to any one of Q1 to 15 for manufacturing a composition for

immunization against a virus infcction.

Q17. The use according to Q16, wherein the composition for immunization against a virus infection

is an infection caused by Zika virus.

Q18. A composition comprising the virus particles obtainable or obtained by the process of any one

of Q1 to 17 for treating and/or preventing an infection, such as e.g. a Zika virus infection.

Q19. A Zika virus vaccine comprising an inactivated Zika virus particle grown on vero cells,
wherein the Zika virus particle is able to seroconvert a subject that is administered the Zika virus
vaccine with at least a 70% probability and comprises minor amounts of protamine sulphate,

preferably below the detection limit.

Q20. The Zika virus vaccine of Q19, wherein the Zika virus particle is able to seroconvert the
subject that is administered the Zika virus vaccine with at least a 80%, 85%, 90%, or 95% probability,

preferably a 80% probability.

Q21. The vaccine of Q19 or 20, wherein the Zika virus particle has a RNA genome corresponding
to the DNA sequence provided by any one of the nucleic acid sequences of SEQ ID NOs: 2-13, or a
variant nucleic acid sequence that is at least 88% identical to any one of SEQ ID NOs: 2-13 and able

to pack a virulent Zika virus.

Q22. The vaccine of any one of Q19, 20 and 21, wherein the Zika virus particle has an E protein
selected from the amino acid sequences provided by any one of SEQ ID NOs: 14-69 or 72, or a
variant amino acid sequence that is at least 95% identical to any one of SEQ ID NOs: 14-69 or 72 and

able to pack a virulent Zika virus.

Q23. The vaccine of any one of Q19, 20 to 22, wherein the Zika virus obtained by culturing on

Vero cells is purified by protamine sulfate precipitation and sucrose gradient centrifugation.
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Q24. The vaccine of Q23, wherein the sucrose gradient centrifugation is an optimized sucrose

gradient centrifugation.

Q25. The vaccine of Q24, wherein the optimized sucrose gradient centrifugation comprises a virus
comprising fraction in a 10% (w/w) sucrose solution and three layers of sucrose with different
dcnsitics, i.c. a first sucrosc solution with 15% (w/w) sucrosc solution, a sccond sucrosc solution with

35% (w/w) sucrose solution, and a third sucrose solution with a S0% (w/w) sucrose solution.

Q26. The vaccine of any one of Q19, 20 to 25, wherein the Zika virus is inactivated by chemical

inactivation, thermal inactivation, pH inactivation, or UV inactivation.
Q27. The vaccine of Q26, wherein the chemical inactivation comprises contacting the Zika virus
with a chemical inactivation agent for longer than is required to completely inactivate the Zika virus

as measured by plaque assay.

Q28. The vaccine of Q27, wherein the chemical inactivation comprises contacting the Zika virus

with formaldehyde.

Q29. The vaccine of Q28, wherein the formaldehyde inactivation comprises contacting the Zika

virus with formaldehyde for between 2-10 days.

Q30. The vaccinc of any onc of Q27-29, wherein the chemical activation is performed at about

+4°C or about +22°C.

Q31. The vaccine of any one of Q19 to 30, further comprising an adjuvant.

Q32. The vaccine of Q31, wherein the adjuvant is an aluminum salt adjuvant.

Q33. The vaccine of Q32, wherein the aluminum salt adjuvant is aluminium hydroxide or

aluminium phosphate salt.

Q34. The vaccine of Q32, wherein the aluminum salt adjuvant is aluminium hydroxide with less
than 1.25ppb Cu based on the final pharmaceutical composition comprising the Zika virus, preferably

the inactivated Zika virus.
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Q35. The vaccine of any one of Q19 to 34, further comprising one or more pharmaceutically

acceptable excipient.

R1. Use of protamine, preferably a protamine salt, to separate infectious and non-infectious Zika

virus particles, host cell proteins and/or undefined low molecular weight materials.
R2. A process of purification of infectious Zika virus particles, comprising the steps of:

(a) providing a crude harvest (a) comprising Zika virus particles and impurities, wherein the

impurities are generated from growing said virus particles on a cell substrate;

(b) reducing impurities from the crude harvest (a) by precipitation with an agent comprising
protamine, preferably a protamine salt, more preferably a protamine sulphate, even more preferably a
recombinant protamine sulphate, to obtain a virus preparation (b), wherein the enrichment of
infectious virus particles in the virus preparation (b) relative to total virus products in the crude

harvest (a) is in the range from at lcast 50% to 95%, prcfcrably at lcast 80%.

R3. The use of R1 or the process of R2, wherein the virus particles are from Zika virus.
R4. A process of purification of infectious Zika virus particles, comprising the steps of:
(a) providing a crude harvest (a) comprising Zika virus particles and impurities, wherein the

impurities are generated from growing said virus particles on a cell substrate;

(b) reducing impurities from the crude harvest (a) by precipitation with an agent comprising
protaminc, prcferably a protamince salt, morc preferably a protamince sulphate, cven morc preferably a

recombinant protamine sulphate, to obtain a virus preparation (b);

(©) further purifying the virus preparation (b) by one or more size exclusion methods such as (i) a
sucrose density gradient centrifugation, (ii) a solid-phase matrix packed in a column comprising a
ligand-activated core and an inactive shell comprising pores, wherein the molecular weight cut off of
the pores excludes the virus particles from entering the ligand-activated core, and wherein a molecule
smaller than the molecular weight cutoff of the pores can enter the ligand-activated core and
collecting the virus particles, and/or (iii) size exclusion chromatography to obtain a virus preparation
(c) comprising thc infectious virus particles, whercin the residual host cell DNA of the virus
preparation (c) is less than 100 ng/mL and the residual host cell protein and the residual aggregates of

infectious virus particles of the final virus preparation (c) is less than 1 pg/ml..

RS. The process of R4, wherein the residual host cell DNA of the virus preparation (c) is less than

10 ng/mL and the residual host cell protein of the final virus preparation (c) is less than 100 ng/mL.
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R6. The process of any of R2 to 5, wherein the crude harvest (a) comprising virus particles and

impurities is subjected to one or more pre-purification step(s) prior to step (b).

R7. The process of R6, wherein the one or more pre-purification step(s) comprises

(a) filration using a filter having a pore size equal to or less than 0.2 um; and/or

(b) digestion of host cell genomic DNA by enzymatic treatment; and/or

(c) ultra/diafiltration using a hollow fiber membrane having a pore size equal to or greater than

300 kDa, preferably equal to or greater than 100 kDa.

RS. The process of any one of R2 to 7, wherein the concentration of protamine sulphate is 0.5 to 3
mg/ml, more preferably 1 to 2 mg/ml, more preferably 1.2 to 1.8 mg/ml, more preferably 1.4 to 1.6
mg/ml, most preferably 1.6 mg/ml.

RO. The process of any one of R2 to 8, wherein the enrichment of infectious virus particles in the
virus preparation (c) or any final virus preparation relative to total virus products in the crude harvest

(a) is in the range from at least 50% to 95%, preferably at least 80%.

R10.  The process of any one of R6 to 9, wherein the one or more pre-purification step(s) prior to
step (b) of any of R6 to 9 is performed using a filter having a pore size equal to or less than 1 pm,

preferably 0.2 pm.

R11.  The process of any one of R2 to 10, wherein the residual impurity of the virus preparation (c)

s less than 10%.

R12.  The process of any one of R2 to 11, wherein the virus is propagated in a cell line selected

from the group consisting of an EB66 cell line, a Vero cell line, a Vero-aHis cell line, a HeLa cell
line, a HeLa-S3 cell line, a 293 cell line, a PC12 cell line, a CHO cell line, a 3T3 cell line, a PerC6
cell line, a MDSK cell line, a chicken embryonic fibroblast cell line, a duck cell line, and a diploid

avian cell line.
R13. The process of R12, wherein said cell line is a Vero cell line.

R14.  The process of any one of R2 to 13, wherein the Zika virus is a live virus, an attenuated live

virus, a chimeric virus, a modified live virus, or a recombinant live virus.

R15.  The process of any one of R2 to 14, wherein the Zika virus is a Zika virus strain of the Asian

lineage or an immunogenic variant thereof.
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R16.  The process of any one of R2 to 15, wherein said process resulting in final virus preparation

(c) is followed by an inactivation step, wherein the virus is inactivated preferably by formaldehyde.

R17.  Use of the process according to any one of R1 to 16 for manufacturing a composition for

immunization against a virus infection.

R18.  The use according to R17, wherein the composition for immunization against a virus infection

is an infection caused by a Zika virus.

R19. A composition comprising the virus particles obtainable or obtained by the process of any one

of R2 to 16 for treating and/or preventing an infection.
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MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

STATEMENT FILED PURSUANT TO THE DUTY OF
DISCLOSURE UNDER 37 C.F.R. §§ 1.56, 1.97 AND 1.98

Sir:
Pursuant to the duty of disclosure under 37 C.F.R. §§ 1.56, 1.97 and 1.98, the undersigned

requests consideration of this Information Disclosure Statement.

PART I: Compliance with 37 C.F.R. § 1.97

This Information Disclosure Statement has been filed before the mailing of a first Office

Action on the merits in the above-identified case.

No fee or certification is required.

PART II: Information Cited

The undersigned hereby makes of record in the above-identified application the information
listed on the attached form PTO-1449 (modified PTO/SB/08). The order of presentation of the
references should not be construed as an indication of the importance of the references.

The undersigned hereby makes the following additional information of record in the

above-identified application.

8359719.1

428



Application No.: 16/813,862 -2- Art Unit: Not Yet Assigned
Conf. No.: 9700

The undersigned would like to bring to the Examiner’s attention the following co-pending

applications that may contain subject matter related to this application:

Serial No. Filing Date Inventor(s) Docket No.
#16/927,086 07-13-2020 Barbero Calzado et al. 10422.70127US01

*A copy of this reference is not provided as the Office has waived the requirement under 37 C.F.R. § 1.98(a)(2)(iii) for submitting a copy of a

cited U.S. patent application if it is scanned to the Image File Wrapper system and is available on Private PAIR .

The undersigned would like to bring to the Examiner’s attention the enclosed search report

or other communication from a corresponding or related International or Foreign National

Application:
Serial No. Date of Mailing Type(s) of Communication
PCT/EP2016/082664 04-10-2017 *International Search Report and
Written Opinion
PCT/EP2016/082664 06-26-2018 *International Preliminary Report on
Patentability

*a copy of this reference is not provided as it was previously cited by or submitted to the office in a prior application, Serial No. 16/063,007, filed 06-
15-2018, and relied upon for an earlier filing date under 35 U.S.C. 120 (continuation, continuation-in-part, and divisional applications).

PART III: Remarks

Documents cited anywhere in the Information Disclosure Statement are enclosed unless
otherwise indicated. It is respectfully requested that:

1. The Examiner consider completely the cited information, along with any other
information, in reaching a determination concerning the patentability of the present claims;

2. The enclosed form PTO-1449 (modified PTO/SB/08) be signed by the Examiner to
evidence that the cited information has been fully considered by the United States Patent and
Trademark Office during the examination of this application;

3. The citations for the information be printed on any patent which issues from this

application.
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Application No.: 16/813,862 -3- Art Unit: Not Yet Assigned
Conf. No.: 9700

By submitting this Information Disclosure Statement, the undersigned makes no
representation that a search has been performed, of the extent of any search performed, or that more
relevant information does not exist.

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, material to
patentability as defined in 37 C.F.R. § 1.56(b).

By submitting this Information Disclosure Statement, the undersigned makes no
representation that the information cited in the Statement is, or is considered to be, in fact, prior art
as defined by 35 U.S.C. § 102.

Notwithstanding any statements by the undersigned, the Examiner is urged to form his or her
own conclusion regarding the relevance of the cited information.

An early and favorable action is hereby requested.

The Director is hereby authorized to charge any deficiency or credit any overpayment in the
fees occasioned by the filing of this Information Disclosure Statement to our Deposit Account No.

23/2825 under Docket No. 10422.70125US01 from which the undersigned is authorized to draw.

Respectfully submitted,

By: /Chelsea E. Witte-Garcia/

Chelsea E. Witte-Garcia, Ph.D.
Registration No.: 75,713

WOLF, GREENFIELD & SACKS, P.C.
600 Atlantic Avenue

Boston, Massachusetts 02210-2206
617.646.8000

Docket No.: 10422.70125US01
Date: July 22, 2020
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<213>

<400> 2
gttgttactg

gtatcaacag

aagaaatccg

ccecectttgggy

atggtecttgg

atcaatagat

aaagatctgg

gcagatacta

actagacgtg

tcttttccaa

atgtgtgatg

gacgtcgatt

aaaaaaggtg

aagctgcaaa

agadgtcgaaa

tggcttttgg

gcecceggeat

tcaggtggga

caggacaaac

gtaagatcct

acacaaggtg

ttagtggaca

tgegectaagt

gagtaccgga

acaggacatg

gccgaagceca

cttgactttt

zZika wvirus

ttgctgactce

gttttatttg

gaggattccg

gcttgaagag

caattctage

ggggttcagt

ctgccatgcet

gtgtcggaat

ggagtgcata

ccacattggg

ccaccatgag

gttggtgcaa

aagcacggag

cgeggtegea

attggatatt

gaagctcaac

acagcatcag

cttgggttga

cgactgtcga

actgctatga

aagcctacct

gaggctgggy

ttgcatgcte

taatgctgtce

aaactgatga

ccetgggggyg

cagatttgta

agactgcgac

gatttggaaa

gattgtcaat

gctgeccagece

ctttttgaga

ggggaaaaaa

gagaataatc

tgttggecte

ctatatgtac

gatgaataag

ctatgaatgce

cacgacgtca

atctagaaga

aacctggttg

caggaaccct

gagccaaaaa

gtgcatagga

tattgtecttg

catagagctg

ggcatcaata

tgacaagcaa

aaatggatgt

caagaaaatg

agttcatggce

gaatagagcg

ttttggaagce

ttacttgact

agttcgagtt

cgagagttte

atgctaaaac

ggacttctgce

ttcacggcaa

gaggctatgg

aatgctagga

ctgctgacca

ttggacagaa

tgttatatac

cctatgetgg

acttgggttg

gctgtgacgce

gaatcaagag

ggcttcegegt

gtcatatact

gtcagcaata

gaacatggag

gttacaacaa

tcagacatgg

tcagacactce

ggactttttg

accgggaaga

tcccagcecaca

aaggttgaga

ctaggacttg

atgaataaca

tgaagcgaaa

tggtcatgaa

gcggagtagce

tgggtcatgyg

tcaagccatc

aaataataaa

aggagaagaa

cagctatgge

acgatgctgg

agatcatgga

atgagggggt

tgtacggaac

tcceccteecca

aatacacaaa

tagcagcagce

tggtcatgat

gggactttgt

gttgtgtcac

cagtcagcaa

cttcggacag

aatatgtctg

gcaaagggayg

gcatccagece

gtgggatgat

taacgcccaa

attgtgaacc

agcactggtt

436

gctagcaaca

aaacccaaaa

cegtgtgage

gcccatcagg

actgggtcte

gaagttcaag

gagacggggc

agcggaggte

ggaggccata

tcttggacac

ggaaccagat

ctgccatcac

ttccactagg

gcacttgatt

tgccatcget

actgctgatt

ggaaggtatg

cgrtaatggca

catggcggag

ccgetgecceca

caaaagaacd

tctggtgaca

agagaatctg

cgttaatgac

ttcaccaaga

gaggacaggc

ggttcacaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1380

1440

1620



gagtggttcc

tggaacaaca

gtggttctag

gagatggatg

gataaactta

aagatccecgg

gatggacctt

gggaggttga

ctggaacttg

atcacccacc

agaggtgcca

ggcgctctca

ttgtttggag

ggtctgaaca

atcttcecttat

gagacgagat

tacaagtacc

gatggtatct

gaaggggagc

tectgtaaaaa

ccccacgget

agctttgtceg

agetttettg

agagaagartt

gaggctgtac

ctgaagaggg

tggacagatg

agccatcaca

gagcttgaaa

acgacattcc

aagaagcact

ggagtcaaga

gtgcaaaggg

gattgaaggg

ctgaaacact

gcaaggttcc

taaccgctaa

atccaccatt

actggcacag

agagaatgge

actcattggg

gaatgtcctg

caaagaatgg

ccacagceccegt

gocggtacagyg

atcctgacte

gcgggatcte

tcaacgcaat

accccatgtg

ggaaggcttyg

tggatggtga

tggaggatca

attcattaga

acagtgatct

ccecatcectgat

gaatagaaga

ataccagaga

tteggtttga

attaccttgg

ggtagagttce

aggagcagtt

aaggctgtcc

cgtgtcatac

gcacgggaca

agctcagatyg

ccceccecgtaatce

tggggactct

gagtggcagce

agtcttggga

caagggecatc

gttctcacaa

atctatttce

ctetgetgat

ggtgttcgtce

cccecceccgtaga

ctetgtttca

cctggaagag

gagaggtcca

ggggaaatcg

cacactgaag

tgggttcggg

gtgtgatcca

aggctactgg

cgagatgaaa

gagtgatctg

gggctacagg

ggaatgccca

cacgctgggyg

aaggacgcac

cacacggccc

tctggccact

tcettgtgta

gtcacagtgg

gcggtggaca

actgaaagca

tacattgtca

accattggaa

gacacagccet

catcaaattt

attctcattyg

cttatgtget

gtggggtget

tataacgacyg

ttggcagecag

agaatggaaa

aatggagttc

cagagattge

cacttcgtceca

gaatgcccac

gtatttcaca

gccogttattg

attgagagtg

acatgtgaat

atcataccca

acccaaatga

ggcactaagg

cagacaccgg

atgccaaaag

ttgctggagce

tgaaatgtcyg

ccgcagegtt

aggtacagta

tgcaaactct

ctgagaactc

taggagtcgg

aagcatttga

gggactttgg

ttggagcagce

gaacgttgcet

tggeccttagg

cggtggactt

ttgaagcctyg

cagtcaagca

acatcatgtg

aactgacggt

cegtgectgt

gagcagcaaa

tcaaacatag

ctagtgtctg

gaacagctgt

agaagaatga

ggccaaagtce

agtctttagce

aagggccatg

tcecacgtgga
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aactccacac

gcaaactgtce

tctggaggcet

cctgaaaatqg

cacattcacc

cgcagggaca

gaccccagtt

taagatgatg

ggagaagaad

agccactgtyg

atcagttgga

tttcaaatca

gatgtggttg

gggagtgttg

ctcaaagaag

gagggacagg

agcecctgggaa

gagatcagta

cgttgtggga

gaacgagctg

gacaaataac

agcatggaac

gctcaaggtt

taagggaaag

cacatggagg

ccacacattg

tgggeccactce

gcacagtgaa

ggaaacatgt

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180



ggaacaagadg

tgctgcaggyg

ggaatggaga

gcaggatcaa

gtgcaggaag

gtgctggtag

ttgatgggtg

atagcggcat

acaccceccgtg

gccttggaag

cgagcgatgg

ccactggecece

tttatgctcce

gccctgggac

ctcacaagga

atatgcgecat

gcggtcggte

gaaagagcag

ctcgatgtgg

atgagagaga

atacccectttg

ctatgggatg

agagtaatga

ggggtettte

agacttgatc

aagctagatg

gagagagcga

ggagcggttg

gaccatctcet

agtgcacaat

taaggcccag

ctgatcacat

ggctgaagaa

ctatgatcct

ccaccttege

tcaaagtcag

aaagcatgcet

gcgacctgat

ttgttccacyg

ggggcacact

tctetectgaa

taaccgctgt

gtgggaageg

tggetggagyg

tgctaattgt

gtgacatcac

cgctagatga

tcatactcaa

cagctggage

tgcectgetcee

ctcgtagact

acactatgtg

catactgggg

ccgectggga

ggaacatcca

cgctggatta

gagatcaacc

gcccccactyg

gaaagaacca

ggatcacttce

gagaatgacc

gggaggattt

ggaaatgaac

accagcgttyg

gctggecttg

ggttctcatce

cactgataac

gettgtggeg

gggaaaaggc

gaggctggtc

gagctggecce

gttcgeccaag

cagttacgtg

atgggaaaaa

gagtggtgat

ggtggtcctyg

gtggtacgta

caaggaagta

gctaggttca

gcacgtcaca

agatgtcaag

cgggcacagce

gactctgecce

cccagecagga

actgcaagcg

tcgttcececggyg

gaaagcaact

tcccttggag

acaaagatca

tcaatgagtg

actggaggag

ctggtatctt

gecetegtgte

aatggttttg

atcaccttgg

tggagagcag

agtgtgaaga

gaccccatca

cctagegaag

gcagatatag

gtctcaggaa

gatgcggaag

ttecteccecectgg

atgaccatct

tacgtgaaga

aaaaaggggg

acacaagttg

aaaggatccg

caggatctgg

gaggtgcagce

ggaatattta

acttcaggat

gaagggtgat

ctaaagatgg

tagtaaggtc

tgettgtgat

tcataagcac

acctggectaa

atgtagctca

tcatcttcag

ttttgcaaac

ctttggectg

caatcctgge

gcettgetac

agaacttacc

acgtggtggyg

tactcacagce

agatggctgg

agagtgtgga

tcactggaaa

tggaggatga

gtggcatgaa

ctggaaaaag

agaccacaga

gagtgggagt

cgctgagaag

tgtcatactg

tcttggcecgt

agacaaagga

ctccaatccet
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cgaggaatgg

ctgttggtat

aatggtgact

tctgetcatg

atcaatggca

gettgecaatt

tctggegetg

agctaattgg

tgecgatctcece

gttggcaata

tgctctgaca

ttgcgggggg

atttgtcatg

gctgectgttg

tgttggecctg

gcccatggece

catgtacatt

cagtceccgg

cggtecccce

cccaatagcecce

gagtggtgcet

tggagtgtac

tatgcaagag

cggtgaaggg

tggteccatgg

gcccoocgga

tggggacatt

agacaagtgt

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4680

4740

4800

4860

4920

4980

5040



gggagagtga

gccatcacce

ctgaagaaga

gttcttectg

ccaaccaggg

atgacaacag

gccaccttca

atggatgagg

agggttgaga

gacgcatttc

gecectggaget

ccaagcegtga

atacagctca

gactttgteg

atagattcca

ggacccatgce

cccaacaaac

catgcacact

atagcctcgce

cttaggacgg

tggctggect

gatggcacga

cacggagaga

gcggecctga

atggaagccc

aacctegetg

caattgccgg

ggaatctttt

actecttgggg

taggacttta

aagggaggag

agcagctaac

aaatagtccg

ttgtegetge

cagtcaatgt

cttcacgtct

cccacttcecac

tgggcgagge

cggactccaa

caggctttga

ggaacggcaa

gcagaaagac

tgacaactga

ggagatgccet

ctgtcacaca

ctggagatga

ggcttgaage

tctatcgace

agcaaaggaa

atcaggttge

ccaacaacac

aaagagtget

agtcattcaa

tgggaacact

tgctcatgeg

agaccctaga

tcgtecttgat

ccagcecgecatg

tggcaatggyg

ggaggaadgag

tgtcttagac

tgaagccata

tgaaatggag

cacccactcet

actacagcca

agatcecctca

ggctgeccatce

ctcaccaatt

ttgggtgacg

tgagatcgca

ttttgagaca

catttcagag

aaagccggte

tgccagcget

gtatctgtat

aagaatgctce

tgaggccgac

gacctttgtg

atctgeccgga

cataatggaa

caaaccgagg

ggagtttgce

gccaggacac

ggcagagact

gaccattatg

gaggaacaag

gctecatgtgg

gtcgtgatca

actcctgttg

ttgcatcectg

aaaacaagac

gaagccctta

ggaacagaaa

atcagagtcc

agtatagcag

ttcatgaccg

atggacaccyg

gattattctg

gecttgtetga

gagttccaga

atgggecgecca

atacttgatg

gcccagagga

ggaggtgggt

cttgacaata

aaagtagcag

gaactcatga

ataacctaca

gacagtgtgce

tggatggacg

gctgggaaaa

atgacagaga

ggaagcaggce

cttttggggt

ggcataggga

ctctcggaaa

aaaatgggag

agtgcttecga

gagctgggaa

tcegtactgt

gagggettece

tcgtcgactt

ccaactataa

caagaggata

ccacgceccace

aagtggaagt

gaaaaacagt

caaaggctgg

aaacaaaaca

actttaaagc

gcgagagagt

gggggcgceat

gcgcagagac

tttacctcocca

ccattgaggg

aaagaggaga

cagatagaag

cggcagaggt

ccagagtttg

gaggagcgge

gattccagga

cttacaaagce

tgctgggaac

agatgggcett

ttgagccagce
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ttatgttagt

gecttegatg

aaccaggaga

gatcttagcet

agtgegttat

aatgtgccat

tctgtatatt

catttcaaca

aggaacccgt

cccagagaga

ttggtttgtt

aaaacgggtce

tcaagagtgg

tgacegtgte

cattctgget

aggcaggaat

tgacgaagac

agatggectce

agagttcaag

tecttectgtt

atggtgettt

gtggaccaga

ttcagatcat

ttttggagtg

agccattgac

cgcggeggec

agtctcgectg

tggaatggtg

cagaattgca

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6660

6720

6780



tgtgtcctca

agatctcccce

ttgattaccg

atgggaagga

gcctcagett

gcagtgacca

ttgtttggta

atgataggtt

gtggcgcact

aagagaacgdg

attgacacaa

gcagtagececg

gccocctgatca

tcctctacag

ctaatctaca

gagaccctgg

tcctacaaaa

gacggtgtgg

gtggagcggg

ggctggagtt

ggaggeccctg

cttaagagtg

gacataggtg

tcecatggtgg

ccatacacca

ctggtcagag

aaaagcaaca

gggcctagga

ttgttgtgtt

aggacaacca

ccaatgaact

gagaggaggg

gggccatcta

cttcatacaa

tgggcaaagg

gctactcaca

acatgtactt

cagctggecat

tgacaattga

tctececagege

cagccacgcaac

ccacttcact

cagtaacaag

gagagaaatg

agtcaggcat

caacgggagg

gatacctgca

actacgccge

gtcatgaaga

gggtggacgt

agtcatcatce

gggattgget

gcactatgat

tgccactcte

ccataaaaag

ggccadgtgaa

cctattgetyg

aatggcaatc

cggatggttg

ggcaaccatg

tgctgecttyg

caactactcc

gatgccattce

attaacgccce

gatccecaggg

catgaagaac

ccecceccaagtyg

catactgteg

ttccactttyg

gtgtaacatt

aaacgctgge

gaaggccega

caccgaggtyg

ccatgetgtg

gccctatgga

caccatccge

accecgtgttg

ctttcatatg

tagtcctgaa

tgaaaaaaga

ggaaaccctg

ccgcaactct

tgtgteccacce

atatgaggag

gtggtgctca

atcatcatgg

gagagaacaa

ggattctcaa

acaactttca

ttaatggcga

tacgcatggg

ctgaccctaa

ctgcaggcag

ccetgttgtgg

gagaaaaaga

cggaccgect

tgggaagget

tttaggggaa

ttggtcaaga

ttgaaccaga

tgcagagaag

tceccgaggaa

aaggtcattg

aaagttcaag

gtgcaaagcet

gcggctgage

gtggaagaag

ccaggagcect

gagcgactge

acacatgaga

acgagccagc

gatgtgaatc

tacctgagce

tagcagtagyg

agagtgacct

tggacattga

ttaccccagce

tggccacgeca

actttggagt

tagtggccat

cagctgecgeg

atggaatagt

tgggacaggt

gggggtgggg

ctceccgaacaa

gttacttggce

gacgtggggg

tgtcggecect

aggcccgecy

gtgcaaagcet

atcttggatg

aagtgaaagyg

atgggtggaa

cgtgtgacac

cacggacgct

tttgtataaa

agcgtaggta

tgtactgggt

tecetettggg

tcggetetgg
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agaaaagcaa

tcttectggge

aagccatcta

cctgeggeca

cgtccaacat

agctggagtg

cecogetgeta

cattttgetce

tgctgeccag

ggtgactgac

gctactcatg

ggaggcetggg

gtactggaac

tggagcttct

tggaacagga

ggagttctac

cgccctcaag

gagatggttg

tggcagaggg

atacacaaaa

catagtccgt

gttgetgtgt

cagagtcctc

agtgttgtgce

tgggggagga

ctctggageg

gegecatggac

cacgeggget

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8460



gtggtaagcect

cgcagtgage

taccatggaa

gtcaggctcce

gacaccacac

gacccccaad

ctaggcaaac

agcaatgcag

gctgtgaacg

ggagagtgcc

tttggaaagg

gagttcgaag

ggtggtgttyg

ataccaggag

tttgatctgg

gcattggcca

gaaaaaggga

gttgtcactt

gaggctgagyg

accaactggt

gattgecgttg

atgggaaaag

gaagaagttce

attgtggttc

gcgggatgga

ctcocctttatt

ccagttgact

atgaccactg

atggaagaca

gcgcectgaage

acgcggaaac

gctatgagge

tgtcaaaacc

cgtatggtca

aaggtactcg

acaaacggcc

cattaggggce

atccaaggtt

agagttgtgt

ccaagggcag

cccttggatt

aagggctggyg

gaaggatgta

agaatgaagce

taatcaagta

aaacagttat

acgctcttaa

aagtcctaga

tgcagagcaa

tgaagccaat

ttaggaagga

cgttttgete

cctgecgeca

gcatccggga

tccacagaag

gggttccaac

aagacatgct

agaccccagt

tcccaacatyg

gtggttettt

ccccacacaa

ctgggatgtg

gcaaagagtt

tcaggttatg

acgagtctgt

aatatttgaa

ctgggetceta

gtacaacatg

ccgegecatce

cttgaacgag

attacaaaga

tgcagatgac

tctaatcacc

cacataccaa

ggacattatt

cacatttacc

gatgcaagac

cggatgggat

tgatgatagg

cacacaagag

ccaccactte

ccaagatgaa

gactgcttgce

ggacctceccga

tgggagaact

tgtggtgtgy

tacgaaatgg

aagatcattg

gacgagaacc

gggtcagcgt

gtgactggag

ttcaaggaaa

agcatggtcet

accaaagaag

gaggaaaaag

gtggacaagyg

atgggaaaaa

tggtatatgt

gatcactgga

ctcggatatg

actgctgget

aaccaaatgg

aacaaadgtgg

tcgagacaag

aacctagtgg

ttgtggctge

aggctcaaac

tttgcacatg

tggaaaccct

aacaagctcc

ctgattggcce

ctagcaaaat

ctgatggcca

acctggtcaa

aacagagtgt

acagacattc

gtaaccgcat

acccatatag

cctectetaat

tcacaggaat

aagtggacac

cttecctggtt

agttcatcaa

agtggaagac

aaagagagca

gagaaaagaa

ggctagggge

tggggagaga

tcctagaaga

gggacacccyg

agaaagggca

taaaggtcct

accaaagggyg

tgcaactcat

tgcggaggtce

gaatggcagt

ccctcaggtt

caactggatg

atctcaagga

gggccegegt

catatgcgca

atgccatttg

tccatggaaa

ggattgagga

cctatttggg
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tgaaaggatc

gacatgggcet

aaacggggtt

agccatgacc

tagggtgcca

gtggaaagag

caaggttcgt

tgcagtggaa

ccacctgaga

acaaggggaa

tagatttcta

gaactcagga

gatgagtcgce

catcagcagg

cagggccecttg

tagaccagct
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ALPHAVIRUS PURIFICATION

FIELD OF THE INVENTION

The disclosure relates to methods for the purification of alphaviruses for use in vaccines.

BACKGROUND OF THE INVENTION

Regulatory agencies such as the World Health Organization establish standards and
guidelines for the production of pharmaceutical compositions administered to humans, such as
vaccines, that limit quantity and components of the compositions. Meeting these standards is
particularly challenging with regard to production of vaccines containing biological agents, such
as viruses, which must be propagated on cell substrates. Such vaccine preparations must be
sterile (i.e., free from independently replicating organisms) and may contain no more than 10 ng
of host cell DNA per human dose, among other requirements. These standards are in place in
order to ensure safety of the composition for human administration, but may introduce
challenges in the development of processes used to produce such compositions.

Chikungunya virus (ChikV) is a positive-sense, single-stranded RNA virus from the
genus Alphavirus, family Togaviridae. Chikungunya virus disease is mainly an outbreak disease
and is associated with high attack rates. The virus is transmitted to humans via a mosquito vector
and causes fever, rash, fatigue and severe polyarthralgia. Infections with ChikV generally resolve
spontancously and are not usually fatal, except in rare cases involving CNS infection, where the
death rate is from 10-30%. Particularly at risk for ChikV CNS disease are infants under one year
and adults over 65 years, with an infection rate of 25-fold and 6-fold higher than the general
population, respectively, and with a rate of persistent disabilities estimated at between 30% and
45% (Gerardin, 2016). Furthermore, about 30 percent of all ChikV patients experience arthralgia
for months to years after recovery. In some cases, neurological, renal, cardiac, respiratory or
hepatic complications can also result.

There are currently no vaccines or medications available for the treatment or prevention
of Chikungunya virus disease. Outbreaks in the past have occurred mainly in Africa, but the
Central/East/South African (ECSA) genotype has recently expanded its geographical range,
resulting in outbreaks in India, Asia, and even temperate Europe (Weaver, S., Arrival of

Chikungunya Virus in the New World: Prospects for Spread and Impact on Public Health PLOS
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Neglected Tropical Diseases (2014) 8(6): €2921). Although ChikV has been repeatedly imported
into the Americas since 1995, no autochthonous transmission was reported until 2013 in the
Caribbean. By 2015, the epidemic had spread to the mainland and caused more than 1,000,000
suspected cases in 43 countries in the Americas (Pan-American Health Organization (2015)
Number of Cumulative Cases of Chikungunya Fever in the Americas). Further epidemics may
been aided in part by the spread of the ChikV mosquito vector into non-endemic regions, as well
as the ability of ChikV to adapt to local mosquito species (Vega-Rua et al., Chikungunya Virus
Transmission Potential by Local Aedes Mosquitoes in the Americas and Europe, May 20, 2015,
PLOS Neglected Tropical Diseases DOI:10.1371/journal.pntd.0003780). The high rate of
contagion of Chikungunya virus disease, its potential for long-lasting complications as well as its
geographical spread underscore the need for developing preventative measures, such as vaccines.

Vaccines against Chikungunya virus disease may comprise attenuated ChikV virus
particles; i.e., ChikV virus particles which have been altered to reduce virulence, but maintain
immunogenicity. To facilitate production, attenuated ChikV may be propagated on a cell
substrate. It is known in the art that the adaptation of viruses to a particular host cell can change
the surface charge of virus particles (Gardner et al., Deliberate Attenuation of Chikungunya
Virus by Adaptation to Heparan Sulfate-Dependent Infectivity: A Model for Rational Arboviral
Vaccine Design (2014) PLOS Neglected Tropical Diseases 8(2):€2719). As such, traditional
purification technologies, such as ion exchange chromatography (see e.g. WO 0192552A2 ),
which separate virus particles according to their surface charge may not be suited for purification
of non-adapted ChikV or partial / fully adapted ChikV. Alternatively, another purification

process not based on charge could be more advantageous.

SUMMARY
During the course of routine virus purification, it was observed that addition of protamine
sulfate to a virus harvest produced on a cell substrate removed not only contaminating DNA
derived from host cells, as expected, but surprisingly also virtually eliminated immature and
otherwise non-infectious virus particles from the preparation. This finding provides a
streamlined, gentle, reproducible and broadly-applicable process for obtaining highly-purified
infectious virus particles for applications such as vaccine preparation; furthermore, the process is

not dependent on the charge of the virus particle.
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Disclosed herein are downstream processes for purifying ChikV virus particles from a
crude preparation. The downstream process can be applied to either a ChikV virus which has not
adapted for propagation on a particular cell substrate or for a partial / fully cell substrate adapted
ChikV.

Aspects of the invention provide processes for the purification of infectious Chikungunya
virus particles comprising the steps of (a) providing a crude harvest (a) comprising virus particles
and impurities, wherein the impurities are generated from growing said virus particles on a cell
substrate; (b) reducing impurities from the crude harvest (a) by precipitation with an agent
comprising a protamine salt, preferably a protamine sulphate, to obtain a virus preparation (b);
(c) contacting the virus preparation (b) with (i) a solid-phase matrix packed in a column
comprising a ligand-activated core and an inactive shell comprising pores, wherein the molecular
weight cut off of the pores excludes the virus particles from entering the ligand-activated core,
and wherein a molecule smaller than the molecular weight cut-off of the pores can enter the
ligand-activated core and collecting the virus particles to obtain a virus preparation (d), or (ii) a
solid-phase matrix comprising a ligand-activated core and an inactive shell comprising pores,
wherein the molecular weight cut off of the pores excludes the virus particles from entering the
ligand-activated core, and wherein a molecule smaller than the molecular weight cut-off of the
pores can enter the ligand-activated core and separating the solid-phase matrix from the virus
particles by filtration to produce a virus preparation (c); and further purifying the virus
preparation (d) by sucrose density gradient centrifugation to obtain a virus preparation (e)
comprising the infectious virus particles.

In some embodiments, the concentration of protamine sulphate in step (b) is about 1 to 10
mg/ml, more preferably about 1 to 5 mg/ml, more preferably about 1 to 2 mg/ml. In one
embodiment, the concentration of protamine sulphate in step (b) is about 2 mg/mL. In one
embodiment, the concentration of protamine sulphate is 1.2 to 1.8 mg/ml, more preferably 1.4 to
1.6 mg/ml. In a preferred embodiment, the concentration of protamine sulphate in step (b) is
about 1.6 mg/ml.

In some embodiments, the residual host cell DNA of the virus preparation (e) is less than
1 pg/mlL, especially less than 900, 800, 700, 600, 500, 400, 300 or 200 ng/mL., preferably less
than 100 ng/mL. In a preferred embodiment, the residual host cell DNA of the virus preparation

(e) is less than 10 ng/mlL.. In some embodiments, the residual host cell protein of the final virus
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preparation (e) is less than 10 pg/ml., especially less than 9, 8, 7, 6, 5, 4, 3 or 2 ng/mlL,
preferably less than 1 pg/mL. In a preferred embodiment, the residual host cell protein of the
virus preparation (e) is less than 100 ng/mlL..

In some embodiments, the crude harvest (a) comprising the virus particles and impurities
is subjected to one or more pre-purification step(s) prior to step (b). In some embodiments, the
one or more pre-purification step(s) comprises digesting host cell genomic DNA in the crude
harvest (a) comprising the virus particles and impurities by enzymatic treatment. In some
embodiments, the one or more pre-purification step(s) comprises filtration, ultrafiltration,
concentration, buffer exchange and/or diafiltration. In some embodiments, the one or more pre-
purification steps is filtration using a filter having a pore size equal to or less than 1 um. In some
embodiments, the filter has a pore size equal to or less than 0.2 um. In a preferred embodiment,
the filter has a pore size of 0.2 um. In some embodiments, the concentration and/or
ultra/diafiltration and/or buffer exchange is performed by tangential flow filtration (TFF). In
some embodiments, ultra/diafiltration of the crude harvest (a) comprising the virus particles and
impurities is performed using a hollow fiber membrane having a cut-off of equal to or less than
300 kDa. In a preferred embodiment, the hollow fiber membrane has a cut-off of 100 kDa.

In some embodiments, the Chikungunya virus particle is a live virus, a chimeric virus, an
attenuated live virus, a modified live virus, or a recombinant live virus. In a further step, the
ChikV of the invention may by optionally inactivated. In some embodiments, the Chikungunya
virus particle is an attenuated form of ChikV. For example, the virus may have reduced
infectivity, virulence, and/or replication in a host, as compared to a wild-type virus. In some
embodiments, the virus is a mutated or modified virus, for example the nucleic acid of the virus
may contain at least one mutation relative to the wild-type virus. In some embodiments, the
virus is a recombinant live virus, meaning a virus that is generated recombinantly and may
contain nucleic acid from different sources. In some embodiments, the attenuated form of ChikV
is derived from the LR2006-OPY1 ChikV infectious clone (La Reunion isolate). In some
embodiments, the attenuated form of ChikV is the ASnsP3 mutant as described by Hallengiird et
al. (Novel Attenuated Chikungunva Vaccine Candidates Elicit Protective Immunity in C57BL/6
mice (2014) Journal of Virology 88(5):2858-2866) or an immunogenic variant thereof. The
immunogenic variant of the ASnsP3 ChikV mutant is herein defined as having at least 80%

sequence identity to the nucleotide sequence of the ASnsP3 mutant sequence, especially at least
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81%, 82%, 83%, 84%, 85%, 86%, 87%, 88% 89%, 90%, 91%, 92%, 93%, 94%, 95%, 6%,
97%, 98% or at least 99% sequence identity.

In some embodiments, the molecule entering the core of the solid-phase matrix has a
molecular weight less than 700 kDa. In some embodiments, the ligand of the ligand-activated
core of the solid-phase matrix is capable of binding the molecule that enters the ligand-activated
core via cationic-, anionic-, hydrophobic- or mixed interactions. In some embodiments, the
ligand of the solid-phase matrix is octylamine, diethylaminoethyl, quarternary ammonium, or
sulfonate. In a preferred embodiment, the ligand of the ligand-activated core of the solid-phase
matrix is octylamine. Non-limiting examples of solid-phase matrices that may be compatible
with the processes described herein include, without limitation, CAPTO® Core 700, CAPTO®
DEAE, CAPTO® MMC, CAPTO® Q, CAPTO® S, FRACTOGEL® TMAE, Hyx T II, Q
SEPHAROSE® Fast Flow. In some embodiments, the solid-phase matrix is CAPTO® Core
700. In some embodiments, the solid-phase matrix is used as a slurry and at a final concentration
between 0.5% (v/v) and 10% (v/v), preferably 0.6%, 0.7%, 0.9%, 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8%, 9%, 10%, most preferably 1%. In some embodiments, the solid-phase matrix is
incubated with the crude harvest comprising the virus particles at refrigerated temperatures
(about 2°C to §°C) or ice bath temperatures (about 0°C) with stirring for at least 5 minutes,
preferably at least 10 minutes, preferably at least 15 minutes, preferably at least 30 minutes,
preferably at least 1 hour, most preferably 15 minutes.

In some embodiments, the process of the invention results in an enrichment of infectious
virus particles from the crude harvest comprising infectious virus particles and non-infectious
virus particles and other virus products such that the enrichment of the infectious virus particles
is at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, preferably at
least 80%, especially 85% relative to the total virus particle content of the crude harvest (a)
comprising the virus particles and impurities.

In some embodiments, the residual impurity of the final virus preparation with respect to
all impurities in the crude harvest is less than 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%,
preferably less than 5% as determined by SEC-HPLC (Size Exclusion Chromatography —
HPLC).

In some embodiments, the filtration step of the virus preparation (b) after contact with the

solid-phase matrix is performed using a filter having a pore size equal to or greater than 1 um. In

450



PATO15-EP-PR

some embodiments, the filter has a pore size equal to or greater than 0.2 pym. In a preferred
embodiment, the filter has a pore size of about 0.2 nm, such as 0.22 pm.

In some embodiments, the Chikungunya virus is propagated in a cell line selected from
the group consisting of an EB66 cell line, a Vero cell line, a Vero-aHis cell line, a Hel.a cell line,
a HeLa-S3 cell line, a 293 cell line, a PC12 cell line, a CHO cell line, a 3T3 cell line, a PerC6
cell line, a MDSK cell line, a chicken embryonic fibroblast cell line, a duck cell line, and a
diploid avian cell line. In some embodiments, said cell line is a duck cell line. In some
embodiments, said cell line is a diploid avian cell line. In some embodiments, said cell line is
EB66 cell line. In a preferred embodiment, said cell line is a Vero cell line.

Aspects of the invention provide a use of any of the processes described herein for
manufacturing a composition for immunization against a Chikungunya virus infection. In a
preferred embodiment, the composition is a vaccine. In preferred embodiments, the vaccine is
administered to the subject once, twice or three or more times. In a preferred embodiment, the
vaccine is administered once or twice. In a preferred embodiment, the vaccine is administered
only once.

Other aspects provide compositions comprising the virus particles obtainable by any of

the processes described herein for treating and/or preventing a Chikungunya virus infection.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are not intended to be drawn to scale. The Figures are
illustrative only and are not required for enablement of the disclosure. For purposes of clarity,

not every component may be labeled in every drawing. In the drawings:

Figure 1 shows the process of flavivirus maturation in the host cell. Full maturation of
the particles requires proteolytic cleavage of the precursor membrane glycoprotein (prM) by the
host protease furin. Not all prM molecules are cleaved, resulting in the release of mature, mosaic
or immature-like conformations from the cells. Mosaic and immature forms are generally not
infectious—only mature virions are infective and have hemagglutinin (HA) / TCID50 activity.
(Figure adapted from Plevka, et al., Maturation of flaviviruses starts from one or more

icosahedrally independent nucleation centres, EMBO reports (2011) 12, 602-606).
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Figure 2 shows schematically the genome of the ChikV, including non-structural and
structural proteins (labeled “CHIKV™) as well as a schematic representation of the AS5SnsP3
attenuated Chikungunya virus used to exemplify the purification process of the current invention
(labeled “ASnsP3”). The triangle indicates the approximate location of the deletion in the nsP3

coding region. (Figure adapted from Hallengéird et al. 2014, supra.)

Figure 3 shows a flow-chart of an exemplary ChikV vaccine downstream purification
process from the crude harvest to formulation of the DS, a preferred embodiment of the process

of the invention.

Figure 4 shows the 214 nm, 260 nm and 280 nm absorbance of the individual SGC
fractions of a representative purification run of the process of the invention (A); the SEC-HPLC
analysis of the final pooled fractions containing purified infectious ChikV virus particles (B);
and a silver-stained SDS-PAGE gel showing the protein content of the virus preparation
following different steps of the process of the invention (defined in the table below the figure)
(C). The SGC purified pool consisting of SGC fractions F7-F11 is shown in lane 12.

Figure 5 relates the SEC area (mAU*min; right axis) and TCIDs, results (log
TCID50/mL; left axis) of ChikV production harvests before and after PS treatment. The grey
portions of the bars indicate large losses in SEC area following PS treatment, but no
corresponding change in the total number of infectious particles (indicated by black portions of
the bars) (A); SEC profile of virus preparation before and after PS addition, showing a complete
removal of large size virus aggregates by PS treatment as well as a reduction in HCP and LMW

impurities (B).
Figure 6 shows electron micrographs of ChikV harvest before and after PS treatment.
Figure 7 shows relative amounts of ChikV particles and other components by SEC-
HPLC analysis at the different steps of the process of the invention including, from top to

bottom: crude harvest (a); 10X concentrated harvest; diafiltrated harvest; PS treated material;

CC700-treated material and SGC purified pool.
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DETAILED DESCRIPTION OF THE INVENTION

Disclosed herein are processes for the purification of infectious Chikungunya virus
particles, i.e., mature, functional virus particles. The processes disclosed are characterized by the
removal of undesired by-products of virus production on host cells, such as non-infectious virus
particles and aggregated and immature virus by-products. The processes provided herein allow
the production of highly-purified live Chikungunya virus preparations comprising mostly
infectious virus particles. During the course of the invention, it was observed that protamine
sulphate, added to remove contaminating DNA during virus purification, resulted not only in
removal of contaminating DNA, but also in the loss of a high percentage of total virus particles
present in the preparation. Surprisingly, however, quantification of total infectious virus particles
by TCIDS50 before and after PS treatment revealed that the absolute number of infectious virus
particles did not change following this loss of total virus particles. This observation suggested
that treatment with PS can facilitate selective removal of non-infectious, aggregated and
immature viral by-products, leaving behind the infectious Chikungunya virus particles. Because
by-products produced during virus growth on host cells may have different (and undesirable)
immunological properties or other unwanted side-effects or safety issues, a simple and robust
way to remove these by-products is of high importance for the quality and safety of the final
product.

Protamines are small arginine-rich nuclear proteins, present in high amounts in the sperm
of fish, which have an important role in DNA packaging during spermatogenesis. Protamine
sulfate (or “protamine” or “PS”) can form a stable ion pair with heparin and is thus commonly
used during certain surgeries when the anti-coagulation effect of heparin is no longer needed. In
large doses, protamine sulfate administered alone can also have a weak anticoagulant effect
(“Protamine sulfate”. Wikipedia: The Free Encyclopedia. Wikimedia Foundation, Inc. 30 Sep
2015 Web. 26 Nov 2015 <https://fen.wikipedia.org/wiki/Protamine_sulfate>). Protamine
Sulphate is additionally routinely used in biotechnology applications such as DNA precipitation
(e.g., removal of host cell DNA from cell culture processes), purification of DNA binding
proteins and retroviral-mediated gene transfer.

Protamine is obtained from salmon sperm or produced recombinantly and is used as a

sulphate salt. The four major peptides, which constitute almost the entire nitrogen-containing
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material in salmon protamine, have been fully characterized and found to be polypeptides of 30—
32 amino acids in length, of which 21-22 residues are arginine. The average molecular mass is in
the range of 4250 Da for the following sequence: PRRRRSSSRP VRRRRRPRVS
RRRRRRGGRR RR (SEQ ID NO: 1). Herein, protamine is also referred to as protamine salt, or
preferably protamine sulphate.

The present invention relates to the use of protamine sulphate (PS) in a process of
purification of a live virus, wherein the protamine sulphate facilitates the removal of impurities
from a crude virus harvest, including non-infectious virus particles and aggregates. As seen in
Fig. 1, virus production in the host cell can result in the release of virus products which are not
mature, infectious particles, which can also be considered impurities according to the present
invention. As such, the present invention also relates to the enrichment of infectious virus
particles from a crude harvest containing a mix of virus particles and other viral products in
various stages of maturation.

The use of protamine sulphate can follow crude cell lysis or any further step after cell
lysis wherein the virus particles are further enriched or concentrated and/or other impurities are
removed and/or buffer components are exchanged. The further steps may comprise filtration or
concentration of the crude cell lysate.

The protamine sulphate may comprise the sequence PRRRRSSSRP VRRRRRPRVS
RRRRRRGGRR RR (SEQ ID NO: 1) or a variant thereof wherein the amino acid sequence
comprises from 28-35 amino acids, preferably 29-34, more preferably 30-33 amino acids, most
preferably 31 or 32 amino acids. The protamine sulphate preferably comprises at least 19
arginine residues, more preferably at least 20 arginine residues, more preferably at least 21
arginine residues, even more preferably at least 22 residues, most preferably 20 or 21 arginine
residues. Further, other protamine sulphate-like compounds or variants thereof may be used.
Therefore, the use of the term “protamine salt” herein shall serve to encompass natural variations
on SEQ ID NO: 1, preferably, but not limited to, the protamine sulphate forms.

The process comprising the use of protamine sulphate of the invention can be applied to
purification of any live virus for use in pharmaceutical compositions, for example, a vaccine.
The Chikungunya virus to be purified may be any live Chikungunya virus, any live attenuated

Chikungunya virus or any live Chikungunya chimeric virus, preferably a live attenuated
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Chikungunya virus. In one embodiment, the ChikV is also be later inactivated. In a preferred
embodiment, the virus is inactivated with formaldehyde.

In a preferred embodiment, the live attenuated Chikungunya virus is the protective
ChikV-ICRES1-A5nsP3 described by Hallengérd er al. (Novel Attenuated Chikungunya Vaccine
Candidates Elicit Protective Immunity in C57BL/6 mice (2014) J. Virology, 88(5):2858-2866). Briefly,
the ChikV genome carries a positive-sense single-stranded RNA genome of 11 Kb containing
two open reading frames encoding nonstructural proteins (nsP1 to nsP4) and structural proteins
(C, E3, E2, 6K, and E1), respectively (see Fig. 2, top construct). The attenuated virus ASnsP3,
based on the La Reunion ChikV strain LR2006-OPY 1, was obtained by the substitution of amino
acid residues 1656 to 1717 of the P1234 polyprotein with a small linker (aa sequence
AYRAAAQG) in the hypervariable region of the nsP3 protein (see Fig. 2, bottom construct). The
ASnsP3 ChikV mutant was shown to be infectious, highly immunogenic and protective against
challenge with wild type ChikV (Hallengérd, et al., supra and Hallengérd, et al., Prime-Boost
Immunization Strategies against Chikungunya Virus (2014) J. Virology, 88(22):13333-13343). In
one embodiment, the live attenuated Chikungunya virus may be a variant of the ChikV-ICRES1-
AS5nsP3 attenuated mutant virus,

A preferred embodiment of the process of the current invention is shown in Fig. 3.

Table 1. Overview of process buffers and stock solutions

Buffer Composition Final pH Fmal[ﬁfsnlcclﬂf]t ity
A 0.5 M NaOH n.a.
B 0.1 M NaOH n.a.
C 25 mM Tris, 150 mM NaCl 7.4+0.2 16.5
D 1M Tris 7.4+0.2 n.a.
c 4.5 M NaCl n.a. n.a.
F 1 M Na(Cl n.a. n.a.
G 1 % SDS n.a. n.a.
11 50 % (w/w) Sucrose in 25 mM Tris, 150 mM NaCl 7.4+0.2 n.a.
1 35 % (w/w) Sucrosc in 25 mM Tris, 150 mM Na(Cl 7.4+0.2 n.a.
J 15 % (w/w) Sucrosc in 25 mM Tris, 150 mM Na(Cl 7.4+£0.2 n.a.
K 10 x PBS 7.4+0.2 n.a.
L 50 mg/mL Protamine sulphate 7.440.2 n.a.

Drug substance formulation buffer (10mM
M Tris(thydroxymethyl)-aminomethan, 5 % Sucrose, 1% 7.4+0.2 1.3
(10 mg/ml.) rHSA)

Table 2. Abbreviations

10
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CC700 Capto™ Core 700

ChikV Chikungunya virus

EtOH Ethanol

EU Endotoxin units

DS Drug Substance

Dp Drug Product

DSp Downstream Process

HCP Host cell protein

hcDNA Host cell DNA

hpi Hours post infection

HPLC High Pressure Liquid Chromatography

1D Inner diameter

LDS buffer Lithium dodecyl sulfate sample loading buffer

MALLS Multiangle light scattering

mAU Milli absorbance units

PD Process development

PFU Plaque forming units

SEC Size exclusion chromatography

SGC Sucrose gradient centrifugation

SDS Sodium dodecyl sulphate

TBS Tris buffered saline

TFF Tangential flow (iltration

TCIDS50 Tissue culture infectious dose 50%

UF/DF Ultrafiltration/diafiltration

el Relative centrifugal force

rHSA Recombinant human serum albumin
SEQUENCES

The amino acid sequence of a typical form of protamine is provided by SEQ ID NO: 1:
PRRRRSSSRP VRRRRRPRVS RRRRRRGGRR RR

EXAMPLES
A downstream process was developed for the purification of infectious Chikungunya
virus particles whereby non-infectious virus particles and aggregates are removed by the addition
of protamine sulphate. The unexpected and novel purification properties of protamine sulphate

(PS) were evaluated in purification processes for Chikungunya Virus (ChikV) as follows:

Example 1: Development of a purification process for live attenuated Chikungunya virus vaccine

produced in Vero cells

11
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A downstream purification process for the attenuated Chikungunya virus mutant
“A5nsP3” (as described by Hallengérd et al., 2014, supra) produced under standard cell culture
conditions in Vero cells was developed. Briefly, the downstream process consists of crude
harvest filtration followed by concentration and diafiltration on a tangential flow filtration (TFF)
system. DNA and host cell proteins were reduced by precipitation with protamine sulphate and
by batch adsorption, respectively. Sucrose density gradient centrifugation was done as a final
polishing step. Out of 16 roller bottles 1 x 10" total PFU were purified with an overall DSP
process vield of 10 - 15 % (~1 logl0 TCID50 loss). Sucrose gradient pool samples were
characterized with regard to product-related impurities, such as hcDNA, HCP and endotoxins

and met safety criteria.

Harvest of Vero cell culture medium containing ChikV A5nsP3

ChikV AS5nsP3 was grown on Vero cells in roller bottles. A first harvest was performed
after 24 hours post infection (hpi; day 1 harvest) and stored at 2-§°C until further processing.
After the first harvest, fresh medium was added and the roller bottles were returned to the
incubator. A second harvest was done after 48 hours post infection (day 2 harvest) and stored at

2-8 °C.

Filtration of crude cell culture harvest

At both harvest timepoints the crude harvest was immediately filtered using a 0.2 um filter
capsule (GE ULTA™ CG, 2 inch). The filtered harvest after 48 hpi was pooled together with the
24 hpi harvest and the pooled filtered harvest material was immediately further processed by

ultrafiltration.

Purification of ChikV A5nsP3 by tangential flow filtration (TFF)

The pooled filtered harvest material was further processed by tangential flow filtration
(TFF) in order to concentrate the harvest, reduce host cell proteins and replace the depleted cell
culture medium with a defined buffer system (buffer exchange). A Millipore TFF system
(Millipore Pellicon II mini membrane holder) equipped with a 100 kDa cutoff PES membrane
module (Pellicon2 Biomax, 1000 cm?) was used for concentration and buffer exchange. A

Pellicon2 Biomax membrane module was mounted on the Pellicon IT mini filter holder and the
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device was connected to a peristaltic pump. The system was first rinsed with ultra-pure water and
then sanitized by recirculation of 0.1 M NaOH for 60 min. In case the system was not used
immediately, it was stored in 0.1 M NaOH until use. Prior to use the system was rinsed with 1 L

of RO-water followed by buffer A until the permeate pH value was constant at pH 7.4 + 0.2.

Adjustment of the ChikV ASnsP3 harvest (pH, salt)

The pooled filtered harvest material was adjusted to a final concentration of 25 mM Tris
and 150 mM NaCl using stock solutions of both components (see Table 1). This adjustment was
done to increase buffering capacity and to reduce unspecific adsorption to the membrane. The
necessary volumes of stock solutions D (1 M Tris, pH 7.4) and E (4.5 M NaCl) were calculated

as follows:

Volume of stock solution D (1 M Tris, pH 7.4) added to pooled harvest = Volume of pooled
filtered harvest / 40

Volume of stock solution [ (4.5 M NaCl) added to pooled harvest = Volume of pooled filtered
harvest / 30

Example: 4 L harvest obtained from 20 RB (850cm?) would require addition of 100 mL stock
solution D (1 M Tris, pH 7.4) and 133 mL stock solution E (4.5 M Na(Cl).

The calculated volumes of stock solution D and Buffer E were added to the pooled filtered
harvest under gentle stirring. The adjusted harvest was then stirred using a magnetic stirrer for 5

minutes at room temperature.

Concentration and diafiltration of the ChikV A5nsP3 harvest by TFF

In a first step the adjusted harvest material was concentrated approximately 10 fold. The
feed flowrate was approximately 220 mL/min. The transmembrane flux at a transmembrane
pressure of approximately 0.6 bar was in the range of 90 + 5 mL/min per 1000 cm? membrane.
After concentration, the cell culture medium was exchanged against 25 mM Tris, 150 mM NaCl,
pH 7.5 by continuous diafiltration with 6 volume exchanges. The diafiltration buffer was
supplied to the feed vessel from a measuring cylinder by a second peristaltic pump set to a
flowrate of approximately 90 mL/min. Minor flowrate adjustments of the second peristaltic
pump in the range of = 10 mL/min were done manually to ensure a constant volume of harvest in
the feed vessel. After 6 volume exchanges, diafiltration was stopped. The liquid remaining in the

membrane module was recovered by pumping the module empty with air.
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Sucrose addition to diafiltrated ChikV A5nsP3 malierial
After diafiltration, sucrose stock solution H (50% (w/w) sucrose solution) was added to the
diafiltrated material to achieve a final sucrose concentration of 10% (w/w). The volume of buffer

H was calculated as follows:

Volume of stock solution H added (mL) = Volume (ml.) of diafiltrated ChikV material x 0.25
(dilution factor = 1:4) (i.e., final sucrose concentration is 10%)

Example: 400ml. diafiltrated ChikV solution would require addition of 100ml. stock solution H
(50% sucrose).

The calculated volume of solution H was added to the diafiltrated ChikV AS5SnsP3 material
under gentle stirring and the solution was then stirred using a magnetic stirrer for a further 5
minutes at room temperature. (At this stage of the process the material can be either immediately

further processed or stored frozen (< -65°C, hold step).)

DNA reduction by protamine sulphate precipitation

A DNA precipitation step using protamine sulphate (PS) was performed to reduce hcDNA.
Protamine sulphate stock solution L (50 mg/mL PS in PBS) was added to the diafiltrated ChikV
A5nsP3 material to a final nominal concentration of ~1.6 mg/mL. The necessary volume of stock

solution L was calculated as follows:

Volume of stock solution L. (50 mg/ml. PS) added = Volume of diafiltrated ChikV A5nsP3
material in 10% sucrose / 31

Example: 500 mL diafiltrated ChikV A5nsP3 solution in 10% sucrose would require addition of 16
mL stock solution L (50 mg/mL. PS in PBS).

The protamine sulphate stock solution was added while stirring the ChikV A5nsP3 material
using a magnetic stirrer followed by incubation at 2-8°C for 30 minutes. After incubation, the
DNA precipitate was not removed. The material was immediately further processed by batch

adsorption with Capto™ Core 700 chromatography media.

Batch adsorprion with Capro™ Core 700
To reduce HCPs, a batch adsorption step with Capto™ Core 700 (CC700) chromatography
medium was performed after DNA precipitation. CC700 slurry (50% slurry in buffer A) was

added directly to the protamine sulphate treated material. The required slurry volume was

14

459



PATO15-EP-PR

determined based on the volume of ChikV harvest material (d1+d2) and was calculated as

follows:

Volume of CC700 slurry added to PS-treated concentrated harvest (ml.) = Volume of ChikV
AS5nsP3 harvest material (mL) x 0.02 (dilution factor = 1:50) (i.c., final concentration of CC700 is
1%)

After slurry addition, the matcrial was incubated at 4°C for 15 minutcs under constant
agitation using a magnetic stirrer. After incubation, the CC700 solid matter was allowed to settle
by gravity for 10 minutes. The ChikV A5nsP3 material was then removed from the top of the
solution in order to avoid blocking of the filter by the CaptoCore particles. The remaining
CaptoCore particles and the DNA precipitate were then removed from the solution by filtration
using a 0.2 pm Mini Kleenpak EKV filter capsule (Pall). The resulting filtrate was further

processed by sucrose density gradient centrifugation.

Sucrose density gradient centrifugation

Sucrose density gradient centrifugation (SGC) was used for final concentration and
polishing of the ChikV AS5nsP3 material. The ChikV material was loaded on top of a solution
consisting of three layers of sucrose with different densities. The three sucrose layers were
selected based on a preliminary study which showed the formation of a linear sucrose gradient
and good separation of the virus particles from residual contaminants. The optimal volumes of
the sucrose solutions were determined empirically. The volumes of individual layers for a

centrifugation at 500 mL scale are shown in Table 3.

Table 3. Sucrose concentrations and volumes (500 mL scale).

Solution Volume (mL)
Harvest with 10% sucrose 360
15% sucrose 40
35% sucrose 40
50% sucrose 60
Total volume 500

Preparation of the sucrose gradient
The sucrose gradient bottles (500 mL) were prepared by underlaying the individual
sucrose layers. A 3.5 mm 1D plastic tube was attached to 60 cm of peristaltic pump tubing. The

plastic tube was mounted on a laboratory stand using a clamp and placed into the centrifuge
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bottle. The nozzle of the plastic tube was touching the bottom of the bottle. Using a peristaltic
pump set to a flow rate of 25 mL per minute, the ChikV A5nsP3 material and the sucrose
solutions were pumped into the cylinder. A measuring cylinder was used as a feed vessel. The
first solution pumped was the ChikV A5nsP3 material as it had the lowest density (10% sucrose
(w/w)). Following the addition of the ChikV AS5nsP3 material, the sucrose solutions were
pumped in ascending order starting with the lowest (15%), followed by the 35% sucrose solution
and finishing with the highest density sucrose solution (50%). After all sucrose solutions were

transferred, the plastic tubing was carefully removed in order not to disturb the layers.

Centrifugation

Prior to centrifugation a Beckman Avanti JXN-26 centrifuge equipped with rotor
Beckman 10.500 was pre-cooled to 4°C. The prepared SG bottles were carefully transferred into
the pre-cooled (4°C) rotor so as to not to disturb the sucrose layers. The bottles were centrifuged
at 10,000 rpm (~18,500 rcf) at 4°C for 17-20 hours. (In case a different centrifuge system with a
different rotor would be used, the necessary speed and centrifugation times would need to be

calculated based on the k-factor in order to achieve comparable centrifugation efficiency.)

Sucrose gradient harvest

Harvesting of the sucrose gradient was done manually using a peristaltic pump. A 3.5
mm ID plastic tube attached to 60 cm of peristaltic pump tubing was used for harvesting the
sucrose gradient. The 500 mL bottle containing the centrifuged gradient was mounted onto a
laboratory stand in a tilted position (~12°) using a clamp. The plastic tubing was then placed into
the bottle touching the bottom edge of the bottle and was fastened in position using a clamp. This
resulted in a small gap of 1-2 mm between the tubing inlet and the bottom of the bottle. Using a
peristaltic pump set to a flow rate of 60 mL per minute, the gradient was harvested and manually
split into 5 mL fractions. A third of the bottle volume was harvested and the rest was discarded.
The fractions were immediately tested by measuring UV absorbance in a plate reader as

described below.

Analysis of fractions by UV absorbance and SEC-HPLC
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UV absorbance measurement was used as primary method for analysis of the sucrose
gradient fractions. Absorbance at 214, 280 and 260 nm was tested immediately after
fractionation was completed. Briefly, a 100 uLL sample of each fraction was transferred into a 96
well plate and absorbance at 214, 260 and 280 nm was measured using a plate reader. The
absorbance values were plotted against the fraction number. A representative profile is shown in
Fig. 4A. The ChikV A5nsP3 containing fractions were indicated by a peak in all three measured
wavelengths (Fig. 4A, grey shaded area). The presence of impurities was indicated by an
increase of the UV214 signal after the main peak. The fractions comprising the main peak were
pooled from the peak start to the valley of the 214 nm curve. This method can be used as single
method for pooling ChikV AS5nsP3 fractions.

After identification of the virus containing fractions, the respective fractions were pooled.
Pooling criteria for SGC fractions were based on UV 260 nm data, e.g. start of pooling at ~10%
of peak maximum, end of pocling at ~30% of peak maximum. (Final pooling criteria at a
manufacturing scale may need to be determined empirically.) The sucrose gradient pool was

either stored at < -65 °C or immediately further formulated to drug substance (DS).

Size exclusion chromatography

The final pooled SGC fractions containing purified infectious ChikV ASnsP3 virus
particles were analyzed for purity by SEC-HPLC. In brief, SEC was performed as follows: a
Superose 6 10/300 Increase column (GE Healthcare) equilibrated with PBS + 250 mM NaCl, pH
7.4 at 1 ml/min and 25°C, was used to detect ChikV particles at 214 nm detection wavelength in
the pooled samples. SEC-HPLC is a semi-quantitative (relative yield) and qualitative (purity)
method that separates intact virus particles from virus aggregates and host cell proteins (HCPs).
The method cannot distinguish between infectious and non-infectious virus particles due to their
identical retention time.

As shown in Fig. 4B, there were identified two defined peaks by SEC: the ChikV A5SnsP3
peak and a peak corresponding to buffer components. The SGC step yield based on SEC-HPLC
data for pooled fractions F6-F11 was estimated at ~70 %.The final purity of the ChikV A5nsP3
SGC pool, based on SEC-HPLC analysis, was estimated at >95%.

SDS-PAGE and silver stain
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SDS-PAGE silver stain was performed in order to qualitatively assess sample purity
throughout the purification process from the first crude harvest through SGC. Briefly, ChikV
process samples analyzed by SDS-PAGE/silver stain were diluted 1:1.33 with LDS buffer and
were heated to 70°C for 5 minutes. The samples were loaded onto 4-12 % Bis-Tris Gels
(NuPAGE). Silver staining was done using the Silver Express staining kit (Invitrogen).

A silver-stained gel of a representative ChikV A5nsP3 purification is shown in Fig. 4C.
The viral proteins E1, E2 and C are marked on the right-hand side of the gel. The final SGC
pool (fraction 7-fraction 11) is shown in lane 12. Note that a defined HCP band migrating
between ChikV protein E2 and C still appears after CaptoCore700 treatment that has been
identified as a single band in SDS-PAGE. This impurity is removed by sucrose gradient
centrifugation, but can still be seen in fractions 13 and 14 (corresponding to lanes 14 and 15 of

Fig. 40).

Enrichment of infectious ChikV ASnsP3 particles by PS treatment

Although generally used as a method of removing contaminating hcDNA, it was
observed in the course of the present invention that PS treatment also removes virus aggregates
and HCPs. Size exclusion chromatography (SEC-HPLC, as described above) was used to
throughout the purification process to determine the purity of the ChikV virus relative to
impurities which also generate UV absorption.

As can be seen in Fig. SA, treatment with PS reduces not only host cell proteins and low
molecular weight contaminants of the ChikV ASnsP3 preparation, but also reduces the SEC area
corresponding to virus products, including aggregates as indicated. A surprising finding,
however, was that even a reduction of the total SEC area by 86% (in a representative experiment
shown in Fig. 5B, grey portion of bars) did not result in a concomitant reduction in infectious
virus particles as measured by TCIDS50 (left axis). Instead, even though a large percentage of
virus particles were removed by PS treatment, the infectious particles were not. This observation
indicates that PS treatment selectively enriches infectious virus particles from a larger pool of
total virus particles present in the crude harvest.

TCID50 was performed to quantify infectious virus particles during the course of the
purification process and to assign an active virus titer to final drug substance and drug product

samples. Briefly, Vero cells were seeded at 2 x 10" cells per well in 100 uL medium (EMEM
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with 2 mM L-Glutamine + 5 % FBS (+ 1 % antibiotic/antimycotic) in 96-well TC-treated flat-
bottom plates and incubated overnight at 35°C / 5% CO». On day two, Vero cell monolayers
were infected by adding 100 uL of 1:10 serial dilutions of test samples to each of quintuplicate
wells seeded with Vero cells and incubated at 35°C / 5% CQO,. On day seven, plaques were
counted by visvalization under a microscope. The TCID50 was calculated according to the Reed
& Miinch endpoint calculation method (Reed, L.J.; Muench, H. (1938) A simple method of
estimating fifty percent endpoints” The American Journal of Hygiene 27: 493-497).
Furthermore, electron microscopy of ChikV samples before and after PS treatment showed
that not only large aggregates but also smaller non-infectious virus-like particles (basically not
fully assembled particles without RNA genome) are effectively removed by PS (Fig. 6).
Furthermore, this enrichment of infectious virus particles could also be observed when
analyzing day one and day two crude harvests separately. As presented in Table 3, the SEC area
(total virus particles) of the day 1 harvest remains roughly the same after PS treatment; whereas a
large decrease in virus peak area is seen for the day 2 harvest. This observation was confirmed
by MALLS analysis of the virus preparation, wherein it was seen that a higher percentage of
virus particles were of the correct size following PS treatment. Similarly to the results shown in
Fig. 5, day 1 and day 2 harvests showed no reduction in infectious particles as measured by
TCID50 following PS treatment, indicating that mainly non-infectious, immature and/or
aggregated virus particles are removed during the PS treatment and infectious particles are

enriched in the preparation.

Table 3. Overview of the process of ChikV A5nsP3 purification as described in Example 1. SEC-
MALLS analysis of harvests before and after PS treatment shows the removal of larger virus

particles {aggregates), an effect that is particularly pronounced for day 2 harvests.

SEC MALLS Infectious particles
Area Total % correct TCID50 log 10
[MAU*min] particles/mL size
(20-40 nm)
Harvest 1 (H1) 57 1.17E+11 49% 10.2
Harvest 1 + PS 53 1.33E+11 81% 10.0
Harvest 2 (H2) 36 4.60E+09 3% 7.9
H2 + protamine sulphate 2 8.80E+09 59% 7.9
Combined Harvests (C) 67 2.60E+10 14% 9.9
C + protamine sulphate 24 8.00E+10 72% 10.1
19
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Finally, an overview of the relative amounts of ChikV particles and other components as
measured by SEC-HPLC at various steps throughout the entire virus purification process from
crude harvest (a) to the final SGC purified pool can be seen in Fig. 7. In sum, not only are the
vast majority of contaminants and undesired products removed by the process, ChikV particles
are highly purified. As shown by the previously presented data, the final preparation is a highly

enriched preparation of infectious ChikV particles.

Drug Substance (DS) Formulation

The pooled SGC fractions are diluted with DS formulation buffer M (10 mM Tris, 5%
Sucrose, 1% (10 mg/mL) rHSA, pH 7.4 + 0.2). The final target volume of DS should be in the
range of approximately 2 L. Based on current data the estimated range of the dilution factor

might be 1:20 to 1:50.

Final DS sterile filtration
The final DS was filtered under aseptic conditions in a laminar flow hood using a sterility
grade 0.2 um syringe filter (e.g. 0.2 um Mini Kleenpak EKYV filter capsule with 220 cm? filter

surface, Pall).

Quantification of host cell DNA (hcDNA) host cell protein (HCP) and endoloxin

The residual host cell DNA content of the sucrose gradient pool samples was determined
by using the qPCR based assay. The DNA content in SGC pool was determined to be < 0.002
ng/mL.The presence of residual host cell protein (HCP) from Vero cells was determined by
ELISA. Residual host cell proteins present in the sucrose gradient pool samples were quantified
using the Vero Cell HCP ELISA kit (Cygnus, F500). The residual host cell protein content in
SGC pool was determined to be < 200 ng/mL.

Endotoxin content of the SGC pool and DS was measured by Endosafe®PTS™ system
(Charles River). The system uses LAL reagents by a kinetic chromogenic methodology to
measure color intensity directly related to the endotoxin content in a sample. Each cartridge
contains precise amounts of a licensed LAL reagent, chromogenic substrate and an endotoxin
control standard. Samples were diluted 1:100 in WFIL. The SGC Pool F7-F11 was determined to
be < 5.00 EU/mL,; likewise, the Drug Substance was also determined to have < 5.00 EU/mL..
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The following specifications for impurities in final Drug product were proposed: hcDNA
< 10 ng/dose; Endotoxins < 50 EU/dose; HCP < 200 ng/dose. These residual specifications
would already be met in the highly concentrated SGC pool (~10 log TCID50/mL), which
provides a high margin of safety considering the high dilution factor of SGC pool to final DP of
> 1:1000.

21

466



PATO15-EP-PR

What is claimed is:

1.

CLAIMS

A process of purification of infectious alphavirus particles, preferably Chikungunya virus

particles, comprising the steps of:

(a)

(b)

(c)

(d)

providing a crude harvest (a) comprising virus particles and impurities, wherein the
impurities are generated from growing said virus particles on a cell substrate;
reducing impurities from the crude harvest (a) by precipitation with an agent
comprising a protamine salt, preferably a protamine sulphate, even more preferably a
recombinant protamine sulphate, to obtain a virus preparation (b);

contacting the virus preparation (b) with (i) a solid-phase matrix packed in a column
comprising a ligand-activated core and an inactive shell comprising pores, wherein the
molecular weight cut off of the pores excludes the virus particles from entering the
ligand-activated core, and wherein a molecule smaller than the molecular weight cut-
off of the pores can enter the ligand-activated core and collecting the virus particles to
obtain a virus preparation (d), or (ii) a solid-phase matrix comprising a ligand-
activated core and an inactive shell comprising pores, wherein the molecular weight
cut off of the pores excludes the virus particles from entering the ligand-activated core,
and wherein a molecule smaller than the molecular weight cut-off of the pores can
enter the ligand-activated core and separating the solid-phase matrix from the virus
particles by filtration to produce a virus preparation (c); and

further purifying the virus preparation (c) by sucrose density gradient centrifugation to
obtain a virus preparation (d) comprising the infectious virus particles, wherein the
residual host cell DNA of the virus preparation (d) is less than 100 ng/mL and the

residual host cell protein of the final virus preparation (d) is less than 1 pg/mL.

The process of claim 1, wherein the residual host cell DNA of the virus preparation (d) is

less than 10 ng/mL and the residual host cell protein of the final virus preparation (d) is less

than 100 ng/mL.

The process of claim 1 or 2, wherein the crude harvest (a) comprising virus particles and

impurities is subjected to one or more pre-purification step(s) prior to step (b).
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4.

10.

The process of any one of claims 1 to 3, wherein the one or more pre-purification step(s)

comprises

(a) filtration using a filter having a pore size equal to or less than 0.2 uym; and/or
(b) digestion of host cell genomic DNA by enzymatic treatment; and/or

(c) ultra/diafiltration using a hollow fiber membrane having a pore size equal to or greater

than 300 kDa, preferably equal to or greater than 100 kDa.

The process of any one of claims 1 to 4, wherein the concentration of protamine sulphate is
1 to 2 mg/ml, more preferably 1.2 to 1.8 mg/ml, more preferably 1.4 to 1.6 mg/ml, most

preferably 1.6 mg/ml.

The process of any one of claims 1 to 5, wherein the molecule entering the core of the solid-

phase matrix has a molecular weight less than 700 kDa.

The process of any one of claims 1 to 6, wherein the ligand of the ligand-activated core of
the solid-phase matrix is capable of binding the molecule that enters the ligand-activated

core via cationic-, anionic-, hydrophobic- or mixed interactions.

The process of any one of claims 1 to 7, wherein the ligand of the ligand-activated core of

the solid-phase matrix is octylamine.

The process of any one of claims 1 to 8, wherein the solid-phase matrix is used as a slurry
and at a final concentration between 0.5% (v/v) and 10% (v/v), preferably 0.6%, 0.7%,
0.9%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, most preferably 1%.

The process of any one of claims 1 to 9, wherein the solid-phase matrix is incubated with the
protamine-treated virus preparation (b) at refrigerated temperatures (2°C to 8°C) with a
stirring for at least 10 minutes, preferably 15 minutes, 30 minutes or 1 hour, most preferably

15 minutes.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

The process of any one of claims 1 to 10, wherein the enrichment of infectious virus
particles in the final virus preparation relative to total virus products in the crude harvest (a)

is in the range from at least 50% to 95%, preferably at least 80%.

The process of any one of claims 1 to 11, wherein the filtration of step (c) of claim 1 is

performed using a filter having a pore size equal to or less than 1 um, preferably 0.2 pm.

The process of any one of claims 1 to 12, wherein the residual impurity of the final virus

preparation is less than 10%.

The process of any one of claims 1 to 13, wherein the virus is propagated in a cell line
selected from the group consisting of an EB66 cell line, a Vero cell line, a Vero-aHis cell
line, a Hel.a cell line, a HeLa-S3 cell line, a 293 cell line, a PC12 cell line, a CHO cell line,
a 3T3 cell line, a PerC6 cell line, a MDSK cell line, a chicken embryonic fibroblast cell line,

a duck cell line, and a diploid avian cell line.

The process of claim 14, wherein said cell line is a Vero cell line.

The process of any one of claims 1 to 15, wherein the Chikungunya virus is a live virus, an

attenuated live virus, a chimeric virus, a modified live virus, or a recombinant live virus.

The process of any one of claims 1 to 16, wherein the Chikungunya virus is the ASnsP3

attenuated mutant or an immunogenic variant thereof.

The process of any one of claims 1 to 17, wherein said process resulting in final virus
preparation (d) is followed by an inactivation step, wherein the virus is inactivated

preferably by formaldehyde.

Use of the process according to any one of claims 1 to 18 for manufacturing a composition

for immunization against a Chikungunya virus infection.
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20. The use according to claim 19, wherein the composition for immunization against a

Chikungunya virus infection is a vaccine.

21. A composition comprising the virus particles obtainable by the process of any one of claims

1 to 18 for treating and/or preventing a Chikungunya virus infection.
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ABSTRACT

Described herein are processes for purifying infectious alphavirus particles.
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FIGURE 4C
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FIGURE 5A
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INACTIVATED ZIKA VIRUS VACCINE

FIELD OF INVENTION
The disclosure relates to Zika virus vaccines and compositions and methods for
producing said vaccincs and administering the vaccines to subjccts for the gencration of an

anti-Zika virus immune response.

BACKGROUND OF THE INVENTION

In 2007, Zika virus was detected for the first time outside of the endemic regions of
Asia and Africa since its discovery in a Rhesus monkey in Uganda in 1947. Since then, the
virus has caused a large epidemic in French Polynesia, spreading through islands in the
Pacific and into South and Central America by 2015 (WHO “Zika Situation Report” February
5,2016). Evidence suggests that in addition to being transmitted by Aedes species
mosquitos, other vectors may exist, and the virus may be transmitted by blood transfusion,
transplacentally, and through sexual transmission (WHO Zika Virus Fact Sheet, Feb. 2016).
Though the symptoms of Zika virus infection include mild fever, rash, and conjunctivitis,
there is a likely correlation between infection and neurological disorders, including Guillain-
Barré syndrome and microcephaly in fetuses/neonates subsequent to infection during
pregnancy. There is currently no specific treatment or vaccine for Zika virus and the only
preventative measurements involve control of the mosquito vector. Zika virus presents a
substantial public health threat due to the wide circulation of the Aedes mosquito, multiple

routes of transmission, and potentially severe neurological effects of infection.

SUMMARY OF THE INVENTION

Disclosed herein are Zika virus vaccines and compositions comprising an inactivated
Zika virus, and related methods of producing said vaccines and compositions. Also provided
are methods of administering the Zika virus vaccines for the prevention of Zika virus
infection and/or for the production of an anti-Zika virus immune response in subjects, for
example subjects at risk of being exposed to Zika virus. In particular, the invention is directed

to a Zika virus vaccine comprising an optimally inactivated Zika virus particle, wherein the

482



10

15

20

25

30

PATO18/EP/PR

Zika virus particle in an appropriate dose is able to seroconvert a subject that is administered
the Zika virus vaccine with at Icast a 70% probability, preferably an 80% probability.

Each of the limitations of the invention can encompass various embodiments of the
invention. It is, therefore, anticipated that each of the limitations of the invention involving
any one element or combinations of elements can be included in each aspect of the invention.
This invention is not limited in its application to the dctails of construction and the
arrangement of components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being practiced or of being

carried out in various ways.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are not intended to be drawn to scale. The figures are
illustrative only and arc not required for cnablement of the disclosurc. For purposcs of
clarity, not every component may be labeled in every drawing, alignments were performed
with the multi alignment package Jalview (Waterhouse et al., 2009, Bioinformatics 25 (9)
1189-1191). In the drawings:

Figure 1: Average distance tree (by % identity, nt), complete genomes.
Figure 2: Neighbor joining tree (by % identity, nt), complete genomes.
Figure 3: Pairwise alignment-Jalview (% identity, nt), complete genomes.
Figure 4: Average distance tree (by % identity, aa), E-protein.

Figure 5: Neighbor joining tree (by % identity. aa), E-protein.

Figure 6: Pairwise alignment-Jalview (% identity, aa), E-protein.

Figure 7: Alignment (blue shading: % identity, aa), E-protein.

DETAILED DESCRIPTION OF THE INVENTION
Disclosed herein are Zika virus vaccines and compositions comprising an inactivated
Zika virus, and related methods of producing said vaccines and compositions. Also provided
are methods of administering the Zika virus vaccines for the prevention of Zika virus
infection and/or for the production of an anti-Zika virus immune response in subjects, for

example subjects at risk of being exposed to Zika virus.
2
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Zika virus is a flavivirus closely related to Dengue virus and is similarly transmitted
by the Aedes specics mosquito, although other arthropod vectors for Zika virus arc possiblc.
Since it was first isolated from a Rhesus monkey in the Zika forest of Uganda in 1947, there
were very tew reported incidents of human infection, especially outside of the endemic
regions of Africa and Asia until a large outbreak in French Polynesia in 2007 (Haddow er al.
PlLoS Neglected Tropical Diseases (2012) 6(2), Malonc et al. PL.oS Neglected Tropical
Diseases (2016) 10(3),). The virus has since spread through islands of the Pacific, including
Oceania, and into South and Central America (WHO “Zika Situation Report” February 35,
2016).

In addition to being spread by the bite of an infected mosquito, evidence also suggests
transmission may occur between individuals, such as from the blood of an infected
individual, in utero/transplacental transmission from an infected mother to the fetus, sexual
transmission between scxual partners, and possibly by other local transmission routes. There
is a possible association between Zika virus infection during pregnancy and microcephaly in
the fetus/neonate. Microcephaly is a rare condition in which a baby’s head circumference is
significantly less than expected based on the average for their age, sex, and ethnicity. This is
a result of the brain failing to undergo proper embryonic development, and in 90% of cases is
associated with mental retardation (Rocha ef al. (2016) Bull World Health Organ 8 Feb.
2016).

There is a probable association between individuals having had a prior Zika virus
infection and the incidence of Guillain-Barré syndrome, a neurological disorder in which the
individual’s immune system destroys the myelin sheath surrounding axons of the peripheral
nervous system (WHO “Zika Situation Report” February 5, 2016).

No specific treatments or vaccines for Zika virus currently exist, and the only
measures at this time to prevent infection are through vector control and avoiding travel to
regions experiencing outbreaks.

Described herein are Zika virus vaccines and compositions comprising inactivated
Zika virus that provide a safe method for generating an immune response to Zika virus,
including virus-neutralizing antibodies, that may help prevent against Zika virus infection.

Any strain of Zika virus may be used in the methods and compositions described
herein. In some embodiments, the Zika virus is an isolate from an infected subject during a

Zika virus outbreak. In some embodiments, the Zika virus is a strain isolated from Africa or
3
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from the African virus lincage. In some embodiments, the Zika virus is a strain isolated from
Asia or from the Asian lincage (includcs also strains from French Polyncsia). In some
embodiments, the Zika virus is a strain isolated from the Americas (South America, Central
America, or North America), such as a Suriname Zika virus strain. In some embodiments,
the Zika virus has a RNA genome corresponding (but not limited) to the DNA sequence
provided by GenBank Accession No. AY632535.2, KU321639.1, KU497555.1,
KU501215.1, KU509998.1, KU527068.1, KU681081.3, KU681082.3, KU707826.1,
KU744693.1, or LC002520.1.

Provided below are examples of nucleic acid sequences of the genomes of Zika

viruses that may be used in the methods, compositions, and/or vaccines described herein.

AY 6325352 NC 012532.1 Zika virus strain MR 766, Uganda, complete genome (SEQ 1D
NO: 1)

AGTTGTTGATCTGTGTGAGTCAGACTGCGACAGTTCGAGTCTGAAGCGAGAGCTAACAACAGTATCAACAGGTTT
AATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCCAAAGAAGAAATCCGGAGGATCCGGATTGTCAA
TATGCTAAAACGCGGAGTAGCCCGTGTAAACCCCTTGGGAGGTTTGAAGAGGTTGCCAGCCGGACTTICTGCTGGG
TCATGGACCCATCAGAATGGTTTITGGCGATACTAGCCTTTITTGAGATTTACAGCAATCAAGCCATCACTGGGCCT
TATCAACAGATGGGGTTCCGTGGGGAAAARAAGAGGCTATGGARATAATAAAGAAGTTCAAGARAAGATCTTGCTGC
CATGTTGAGAATAATCAATGCTAGGAAAGAGAGGAAGAGACGTGGCGCAGACACCAGCATCGGAATCATTGGCCT
CCTGCTGACTACAGCCATGGCAGCAGAGATCACTAGACGCGGGAGTGCATACTACATGTACTTIGGATAGGAGCGA
TGCCGGGAAGGCCATTTCGTTTGCTACCACATTGGGAGTGAACAAGTGCCACGTACAGATCATGGACCTCGGGCA
CATGTGTGACGCCACCATGAGTTATGAGTGCCCTATGCTGGATGAGGGAGTGGAACCAGATGATGTCGATTGCTG
GTGCAACACGACATCAACTTGGGTTGTGTACGGAACCTGTCATCACAAAANAGGTGAGGCACGGCGATCTAGAAG
AGCCGTGACGCTCCCTTICTCACTCTACAAGGAAGTTGCAAACGCGGTCGCAGACCTGGTTAGAATCAAGAGAATA
CACGAAGCACTTGATCAAGGTTGAAAACTGGATATTCAGGAACCCCGGGEGTTTGCGCTAGTGGCCGTTGCCATTGC
CTGGCTTTTGGGAAGCTCGACGAGCCAAAAAGTCATATACTIGGTCATGATACTGCTGATTGCCCCGGCATACAG
TATCAGGTGCATTGGAGTCAGCAATAGAGACTTCGTGGAGGGCATGTCAGGTGGGACCTGGGTITGATGTIGTICTT
GGAACATGGAGGCTGCGTTACCGTGATGGCACAGGACAAGCCAACAGTCGACATAGAGTTGGTCACGACGACGGT
TAGTAACATGGCCGAGGTAAGATCCTATTIGCTACGAGGCATCGATATCGGACATGGCTTICGGACAGTCGTTGCCC
AACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTICTGCAAAAGAACATTAGTGGACAGAGG
TTGGGGAAACGGTTIGTGGACTTTTTGGCAAAGGCGAGCTTIGGTGACATGTGCCAAGTTTACGTGTTCTAAGAAGAT
GACCGGGAAGAGCATTCAACCGGAAAATCTGGAGTATCGGATAATGCTATCAGTGCATGGCTCCCAGCATAGCGG
GATGATTGGATATGAAACTGACGAAGATAGAGCGAAAGTCGAGGTTACGCCTAATTCACCAAGAGCGGAAGCAAC
CTTGGGAGGCTITTGGAAGCTTAGGACTTGACTGTGAACCAAGGACAGGCCTTIGACTTITTCAGATCTGTATTACCT
GACCATGAACAATAAGCATTGGTTGGTGCACAAAGAGTGGTTTCATGACATCCCATTGCCTTGGCATGCTGGGGC
AGACACCGGAACTCCACACTGGAACAACAAAGAGGCATTGGTAGAATTCAAGGATGCCCACGCCAAGAGGCAAAC
CGTCGTCGTTICTGGGGAGCCAGGAAGGAGCCGTTCACACGGCTCTICGCTGGAGCTCTAGAGGCTGAGATGGATGG
TGCAAAGGGAAGGCTGTTCTCTGGCCATTTGAAATGCCGCCTAAAAATGGACAAGCTTAGATTIGAAGGGCGTGTC
ATATTCCTTGTGCACTGCGGCATTCACATTCACCAAGGTCCCAGCTGAAACACTGCATGGAACAGTCACAGTGGA
GGTGCAGTATGCAGGGCGNACAGATGGACCCTGCANGATCCCAGTCCAGATGGCGGTGGCGACATGCAGACCCTGACCCC
AGTTGGAAGGCTGATAACCGCCAACCCCGTGATTACTGAAAGCACTGAGAACTCAAAGATGATGTTGGAGCTTGA
CCCACCATTTGGGGATTICTTACATTCTCATAGGAGTTGGGGACAAGAAAATCACCCACCACTGGCATAGGAGTGG
TAGCACCATCGGAAAGGCATTTGAGGCCACTGTGAGAGGCGCCAAGAGAATGGCAGTCCTGGGGGATACAGCCTG
GGACTTCGGATCAGTCGGGGGTGTGTTCAACTCACTGGGCGTAAGGGCATTCACCAGATTTTTGGAGCAGCCTTCAA
ATCACTGTTTGGAGGAATGTCCTGGTTCTCACAGATCCTCATAGGCACGCTGCTAGTGTGGTTAGGTTTGAACAC
AAAGAATGGATCTATCTCCCTCACATGCTTGGCCCTGGGGGGAGTGATGATCTTCCTCTCCACGGCTGTITICTGC
TGACGTGGGGTGCTCAGTGGACTTCTCAAAAAAGGAAACGAGATGTGGCACGGGGGTATTCATCTATAATGATGT
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TGAAGCCTGGAGGGACCGGTACAAGTACCATCCTGACTCCCCCCGCAGATTGGCAGCAGCAGTCAAGCAGGCCTG
GGAAGAGGGGATCTGTGGGATCTCATCCGTTTCAAGAATGGAAAACATCATGTGGAAATCAGTAGAAGGGGAGCT
CAATGCTATCCTAGAGGAGAATGGAGTTCAACTGACAGTIGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGG
TCCACAAAGATTGCCAGTGCCTGTGAATGAGCTGCCCCATGGCTGGAAAGCCTGGGGGAAATCGTATITIGTTAG
GGCGGCAAAGACCAACAACAGTTTITGTTIGTCGACGGTGACACACTGAAGGAATGTCCGCTITGAGCACAGAGCATG
GAATAGTTTTCTTGTGGAGGATCACGGGTTTGGAGTCTTCCACACCAGTGTCTGGCTTAAGGTCAGAGAAGATTA
CTCATTAGAATGTGACCCAGCCGTCATAGGAACAGCTGTTAAGGGAAGGGAGGCCGCGCACAGTGATCTGGGCTA
TTGGATTGAAAGTGAAAAGAATGACACATGGAGGCTGAAGAGGGCCCACCTGATTGAGATGAAAACATGTGAATG
GCCAAAGTCTCACACATTIGTGGACAGCGATGGAGTAGAAGARAAGTGATCTTATCATACCCAAGTCTTTAGCTGGTCC
ACTCAGCCACCACAACACCAGAGAGGGTTACAGAACCCAAGTGAAAGGGCCATGGCACAGTGAAGAGCTTGAAAT
CCGGTTTGAGGAATGTCCAGGCACCAAGGTTTACGTGGAGGAGACATGCGGAACTAGAGGACCATCTCTGAGATC
AACTACTGCAAGTGGAAGGGTCATTGAGGAATGGTGCTGTAGGGAATGCACAATGCCCCCACTATCGTTTCGAGC
AAAAGACGGCTGCTGGTATGGAATGCGAGATAAGGCCCAGGAAAGAACCAGAGAGCAACTTAGTGAGGTCAATGGT
GACAGCGGGGTCAACCGATCATATGGACCACTTICTCTICTTIGGAGTGCTIGTGATTICTACTCATGGTGCAGGAGGG
GTTGAAGAAGAGAATGACCACAAAGATCATCATGAGCACATCAATGGCAGTGCTGGTAGTCATGATCTTIGGGAGG
ATTTTCAATGAGTGACCTGGCCAAGCTTGTGATCCTGATGGGTGCTACTTTCGCAGAAATGAACACTGGAGGAGA
TGTAGCTCACTTGGCATTGGTAGCGGCATTTAAAGTCAGACCAGCCTIGCTGGTCTCCTTICATTTTCAGAGCCAA
TTGGACACCCCGTGAGAGCATGCTGCTAGCCCTGGCTTCGTGTCTICTGCAAACTGCGATCTCTGCTCTTGAAGG
TGACTTGATGGTCCTCATTAATGGATTTGCTTTGGCCTGGTTGGCAATTCGAGCAATGGCCGTGCCACGCACTGA
CAACATCGCTCTACCAATCTTGGCTGCTCTAACACCACTAGCTCGAGGCACACTGCTCGTGGCATGGAGAGCGGG
CCTGGCTACTIGTGGAGGGATCATGCTCCTCTCCCTGAAAGGGAAAGGTAGTGTGAAGAAGAACCTGCCATTTGT
CATGGCCCTGGGATTGACAGCTGTGAGGGTAGTAGACCCTATTAATGTGGTAGGACTACTGTTACTCACAAGGAG
TGGGAAGCGGAGCTGGCCCCCTAGTGAAGTTCTCACAGCCGTTGGCCTGATATGTGCACTGGCCGGAGGGTTTGC
CAAGGCAGACATTGAGATGGCTGGACCCATGGCTGCAGTAGGCTTGCTAATTGTCAGCTATGTGGTCTCGGGAAA
GAGTGTGGACATGTACATTGAAAGAGCAGGTGACATCACATGGGCGAAAAGGACGCGGAAGTCACTGGAAACAGTCC
TCGGCTTGACGTGGCACTGGATGAGAGTGGTGACTTCTCCTTGGTAGAGGAAGATGGTCCACCCATGAGAGAGAT
CATACTCAAGGTGGTCCTGATGGCCATCTGTGGCATGAACCCAATAGCTATACCTTITTGCTGCAGGAGCGTGGTA
TGTGTATGTGAAGACTGGGAAAAGGAGTGGCGCCCTCTGGGACGTGCCTGCTCCCAAAGAAGTGAAGAAAGGAGA
GACCACAGATGGAGTGTACAGAGTGATGACTCGCAGACTGCTAGGTTCAACACAGGCGTTGGAGTGGGAGTCATGCA
AGAGGGAGTCTTCCACACCATGTGGCACGTTACAAAAGGAGCCGCACTGAGGAGCGGTGAGGGAAGACTTGATCC
ATACTGGGGGGATGTCAAGCAGGACTTGGTGTCATACTGTGGGCCTTGGAAGTTGGATGCAGCTTGGGATGGACT
CAGCGAGGTACAGCTTTTGGCCGTACCTCCCGGAGAGAGGGCCAGAAACATTCAGACCCTGCCTGGAATATTCAA
GACAAAGGACGGGGACATCGGAGCAGTTGCTCTGGACTACCCTGCAGGGACCTCAGGATCTCCGATCCTAGACAA
ATGTGGAAGAGTGATAGGACTCTATGGCAATGGGGTIGTGATCAAGAATGGAAGCTATGTITAGTGCTATAACCCA
GGGAAAGAGGGAGGAGGAGACTCCGGTTGAATGTTTCGAACCCTCGATGCTGAAGAAGAAGCAGCTAACTGTICTT
GGATCTGCATCCAGGAGCCGGAAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAAAGAGACT
CCGGACAGTGATCTTGGCACCAACTAGGGCGTTIGTCGCTIGCTGAGATGGAGGAGGCCTTGAGAGGACTTICCGGTGCG
TTACATGACAACAGCAGTCAACGTCACCCATTCIGGGACAGAAATCGTTIGATTITGATGTIGCCATGCCACTTTCAC
TTCACGCTTACTACAACCCATCAGAGTCCCTAATTACAATCTCAACATCATGGATGAAGCCCACTTCACAGACCC
CTCAAGTATAGCTGCAAGAGGATACATATCAACAAGGGTTGAAATGGGCGAGGCGGCTGCCATTTITATGACTGC
CACACCACCAGGAACCCGTGATGCGTTTCCTGACTCTAACTCACCAATCATGGACACAGAAGTGGAAGTCCCAGA
GAGAGCCTGGAGCTCAGGCTTTGATTIGGGTGACAGACCATTCTGGGAAAACAGTTTGGTTCGTTCCAAGCGTGAG
AAACGGAAATGAAATCGCAGCCTGTCTGACAAAGGCTGGAAAGCGGGTCATACAGCTCAGCAGGAAGACTTTTGA
GACAGAATTTCAGAAAACAAANRANATCAAGAGTGGGACTTTIGTCATAACAACTGACATCTCAGAGATGGGCGCCAA
CTTCAAGGCTGACCGGGTCATAGACTCTAGGAGATGCCTAAAACCAGTCATACTTGATGGTGAGAGAGTCATCTT
GGCTGGGCCCATGCCTGTCACGCATGCTAGTGCTGCTCAGAGGAGAGGACGTATAGGCAGGAACCCTAACAAACC
TGGAGATGAGTACATGTATGGAGGTGGGTGTGCAGAGACTGATGAAGGCCATGCACACTGGCTTGAAGCAAGAAT
GCTTCTTGACAACATCTACCTCCAGGATGGCCTCATAGCCTCGCTCTATCGGCCTGAGGCCGATAAGGTAGCCGC
CATTGAGGGAGAGTTTAAGCTGAGGACAGAGCAAAGGAAGACCTTCGTGGAACTCATGAAGAGAGGAGACCTTCC
CGTCTGGCTAGCCTATCAGGTTGCATCTGCCGGAATAACTTACACAGACAGAAGATGGTGCTTTGATGGCACAAC
CAACAACACCATAATGGAAGACAGTGTACCAGCAGAGGTITGGACAAAGTATGGAGAGAAGAGAGTGCTCARACC
GAGATGGATGGATGCTAGGGTCTGTICAGACCATGCGGCCCTGAAGTCGTTCAAAGAATTCGCCGCTGGAARAAG
AGGAGCGGCTTITGGGAGTAATGGAGGCCCTGGGAACACTGCCAGGACACATGACAGAGAGGTTTCAGGAAGCCAT
TGACAACCTCGCCGTGCTCATGCGAGCAGAGACTGGAAGCAGGCCTTATAAGGCAGCGGCAGCCCAACTGCCGGA
GACCCTAGAGACCATTATGCTCTTAGGTITGCTGGGAACAGTTTCACTGGGGATCTTCTTCGTCTTGATGCGGAA
TAAGGGCATCGGGAAGATGGGCTTTGGAATGGTAACCCTTGGGGCCAGTGCATGGCTCATGTGGCTTTCGGAAAT
TGAACCAGCCAGAATTGCATGTGCTCCTCATTIGTIGIGTITTITTATTACTGGTGGTGCTCATACCCGAGCCAGAGAA
GCAAAGATCTCCCCAAGATAACCAGATGGCAATTATCATCATGGCGTGGCAGTGGGCCTTCTAGGTTITGATAACTGC
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AAACGAACTTGGATGGCTGGAAAGAACAAAAAATGACATAGCTCATCTAATGGGAAGGAGAGAAGAAGGAGCAAC
CATGGGATTCTICAATGGACATTGATCTGCGGCCAGCCTCCGCCTGGGCTATCTATGCCGCATTGACAACTCTCAT
CACCCCAGCTGTCCAACATGCGGTAACCACTTCATACAACAACTACTCCTTAATGGCGATGGCCACACAAGCTGG
AGTGCTGTTTGGCATGGGCAAAGGGATGCCATTITATGCATGGGGACCTTIGGAGTCCCGCTGCTAATGATGGGTTG
CTATTCACAATTAACACCCCTGACTCTGATAGTAGCTATCATTCTGCTTIGTGGCGCACTACATGTACTTGATCCC
AGGCCTACAAGCGGCAGCAGCGCGTGCTGCCCAGAAAAGGACAGCAGCTGGCATCATGAAGAATCCCGTTGTGGA
TGGAATAGTGGTAACTGACATTGACACAATGACAATAGACCCCCAGCGTGGAGAAGAAGATGGGACAAGTGTTACT
CATAGCAGTAGCCATCTCCAGTGCTGTGCTGCTGCGGACCGCCTGGGEGATGGGGGGAGGCTGGAGCTCTGATCAC
AGCAGCGACCTCCACCTTGTGGGAAGGCTCTCCAAACAAATACTGGAACTCCTCTACAGCCACCTCACTGTGCAA
CATCTTCAGAGGAAGCTATCTGGCAGGAGCTTCCCTTATCTATACAGTGACGAGAAACGCTGGCCTGGTTAAGAG
ACGTGGAGGTGGGACGGGAGAGACTCTGGGCGAGAGAAGTGGAAAGCTCGTCTGAATCAGATGTCGGCCCTGGAGTT
CTACTCTTATAAAAAGTCAGGTATCACTGAAGTGTGTAGAGAGGAGGCTCGCCGTGCCCTCAAGGATGGAGTGGC
CACAGGAGGACATGCCGTATCCCGGGCGAAGTGCAAAGATCAGATGGTIGGAGGAGAGAGGATATCTGCAGCCCTA
TGGGAAGGTTIGTTGACCTCGGATGTGGCAGAGGGGGCTGGAGCTATTATGCCGCCACCATCCGCAAAGTGCAGGA
GGTGAGAGGATACACAAAGGGAGGTCCCGGTCATGAAGAACCCATGCTGGTGCAAAGCTATGGGTGGAACATAGT
TCGTCTCAAGAGTGGAGTGGACGTCTTCCACATGGCGGCTGAGCCGTGTGACACTCTGCTGTGTGACATAGGTGA
GTCATCATCTAGTCCTGAAGTGGAAGAGACACGAACACTCAGAGTGCTCTCTATGGTGGGGGACTGGCTTGAAAA
AAGACCAGGGGCCTTCTGTATAAAGGTGCTGTGCCCATACACCAGCACTATGATGGAAACCATGGAGCGACTGCA
ACGTAGGCATGGGGGAGGATTAGTCAGAGTGCCATTGTGTCGCAACTCCACACATGAGATGTACTGGGTCTCTGG
GGCAAAGAGCAACATCATAAAAAGTGTGTCCACCACAAGTCAGCTCCTCCTGGGACGCATGGATGGCCCCAGGAG
GCCAGTGAAATATGAGGAGGATGTGAACCTCGGCTCGGGTACACGAGCTGTGGCAAGCTGTGCTGAGGCTCCTAA
CATGAAAATCATCGGCAGGCGCATTCGAGAGAATCCGCAATGAACATGCAGAAACATGGTITCTTGATGAAAACCA
CCCATACAGGACATGGGCCTACCATGGGAGCTACGAAGCCCCCACGCAAGGATCAGCGTICTTCCCTICGTGAACGG
GGTTGTTAGACTCCTGTCAAAGCCTTGGGACGTGGTGACTGGAGTTACAGGAATAGCCATGACTGACACCACACC
ATACGGCCAACAAAGAGTCTTCAAAGAAAAAGTGGACACCAGGGTGCCAGATCCCCAAGAAGGCACTCGCCAGGT
AATGAACATAGTCTICTTCCTGGCTGTGGAAGGAGCTGGGGAAACGCAAGCGGCCACGCGTCTGCACCAAAGAAGA
GTTTATCAACAAGGTGCGCAGCAATGCAGCACTGGGAGCAATATTTGAAGAGGAAAAAGAATGGAAGACGGCTGT
GGAAGCTGTGAATGATCCAAGGTTTIGGGCCCTAGTGGATAGGGAGAGAGAACACCACCTGAGAGGAGAGTGTCA
CAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAGCAAGGAGAGTTCGGGAAAGCAAAAGGTAGCCGCGC
CATCTGGTACATGTGGTIGGGAGCCAGATTICTTGGAGTTTGAAGCCCTTIGGATTCTTGAACGAGGACCATTGGAT
GGGAAGAGAAAACTCAGGAGGTGGAGTCGAAGGGTTAGGATTIGCAAAGACTIGGATACATTCTAGAAGAAATGARA
TCGGGCACCAGGAGGAAAGATGTACGCAGATGACACTGCTGGCTGGGACACCCGCATTAGTAAGTTTGATCTGGA
GAATGAAGCTCTGATTACCAACCAAATGGAGGAAGGGCACAGAACTCTGGCGTTGGCCGTGATTAAATACACATA
CCAAAACAAAGTGGTGAAGGTTCTCAGACCAGCTGAAGGAGGAAAAACAGTTATGGACATCATTTICAAGACAAGA
CCAGAGAGGGAGTGGACAAGTTGTCACTTATGCTCTCAACACATTCACCAACTTGGTGGTGCAGCTTATCCGGAA
CATGGAAGCTGAGGAAGTGTTAGAGATGCAAGACTTATGGTTGTTGAGGAAGCCAGAGAAAGTGACCAGATGGTT
GCAGAGCAATGGATGGGATAGACTCAAACGAATGGCGGTCAGTGGAGATGACTGCGTTIGTGAAGCCAATCGATGA
TAGGTTTGCACATGCCCTCAGGTTICTTGAATGACATGGGAAAAGTTAGGAAAGACACACAGGAGTGGAAACCCTC
GACTGGATGGAGCAATTGGGAAGAAGTCCCGTTCTGCTCCCACCACTTCAACAAGCTGTACCTCAAGGATGGGAG
ATCCATTGTGGTCCCTTGCCGCCACCAAGATGAACTGATTGGCCGAGCTCGCGTCTCACCAGGGGCAGGATGGAG
CATCCGGGAGACTGCCTGTICTTGCAAAATCATATGCGCAGATGTGGCAGCTCCTTTATTTCCACAGAAGAGACCT
TCGACTGATGGCTAATGCCATTTGCTCGGCTGTGCCAGTTGACTGGGTACCAACTGGGAGAACCACCTGGTCAAT
CCATGGAAAGGGAGAATGGATGACCACTGAGGACATGCTCATGGTGTGGAATAGAGTGTGGATTGAGGAGAACGA
CCATATGGAGGACAAGACTCCTGTAACAAAATGGACAGACATTCCCTATCTAGGAAAAAGGGAGGACTTATGGTG
TGGATCCCTTATAGGGCACAGACCCCGCACCACTTGGGCTGAAAACATCAAAGACACAGTCAACATGGTGCGCAG
GATCATAGGTGATGAAGAAAAGTACATGGACTATCTATCCACCCAAGTCCGCTACTTGGGTGAGGAAGGGTCCAC
ACCCGGAGTGTITGTAAGCACCAATTITAGTGTTGTCAGGCCTGCTAGTCAGCCACAGTTTGGGGAAAGCTGTGCA
GCCTGTAACCCCCCCAGGAGAAGCTGGGAAACCAAGCTCATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGC
CATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAAGCGCAGGATGGGARAAG
AAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGACTAGCTGTGAATCTCCAGCAGAGGGACT
AGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGTGGGAAAGACCAGAGACTCCATGAGTTT
CCACCACGCTGGCCGCCAGGCACAGATCGCCGAACTTCGGCGGCCGEGTGTGGEGGAAATCCATGGTTITCT

KU321639.1 Zika virus strain ZikaSPH2015, Brazil, complete genome (SEQ ID NO: 2)

GTTGTTACTGITGCTGACTCAGACTGCGACAGTTICGAGTTITGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTT
ATTTIGGATTTGGAAACGAGAGTTTICTGGTCATGAAAAACCCAAAANAGAAATCCGGAGGATTCCGGATTGTCAAT
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ATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGT
CATGGGCCCATCAGGATGGTCTTGGCAATTCTAGCCTTTTITGAGATTCACGGCAATCAAGCCATCACTGGGTCTC
ATCAATAGATGGGGTTCAGTGGGGAAAAAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCC
ATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGACGGGGCGCAGATACTAGTGTCGGAATTIGTTGGCCTC
CTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACGAT
GCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCTTGGACAC
ATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGCGAACCAGATGACGTCGATTGTTGG
TGCAACACGACGTCAACTTIGGGTTIGTGTACGGAACCTGCCATCACAAARAAAAGGTGAAGCACGGAGATCTAGAAGA
GCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATAC
ACAAAGCACTTIGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCT
TGGCTTTTGGGAAGCTCAACGAGCCAAAAAGTCATATACTTIGGTCATGATACTGCTGATTGCCCCGGCATACAGC
ATCAGGTGCATAGGAGTCAGCAATAGGGACTTIGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATATTGTICTTG
GAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTC
AGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCA
ACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTCTGCAAAAGAACGTTAGTGGACAGAGGC
TGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGTCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATG
ACCGGGAAGAGCATCCAGCCAGAGAATCTIGGAGTACCGGATAATGCTGTICAGTTCATGGCTCCCAGCACAGTGGG
ATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGA
GCCGAAGCCACCCTGGGGGEGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTTTCAGAT
TTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGG
CACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCC
AAAAGGCAAACTGTCGTIGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCT
GAGATGGATGGTGCAAAGGGAAGGCTIGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTG
AAGGGCGTGTCATACTCCTTGTGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACA
GTCACAGTGGAGGTACAGTACGCAGGGACAGATGGACCTTIGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAA
ACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGATGATG
CTGGAACTTGATCCACCATTTGGGGACTCTTACATTIGTCATAGGAGTCGGGGCAGAAGAAGATCACCCACCACTGG
CACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGTICTTIGGGA
GACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGA
GCAGCTTTCAAATCATTIGTTTGGAGGAATGTCCIGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTG
GGTCTGAACACAAAGAATGGATCTATTTCCCTTATGTIGCTTGGCCTTAGGGGGAGTGTTGATCTTICTTATCCACA
GCCGTCTCTGCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTC
TATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTC
AAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCICTGTTTCAAGAATGGCGAAAACATCATGTGGAGATCAGTA
GAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCC
ATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCG
CACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTIGTCGTGGATGGTGACACACTCGAAGGAATGCCCACTCAAA
CATAGAGCATGGAACAGCTTTICTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTICTGGCTCAAGGTT
AGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAGT
GATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTGATCGAGATGAARA
ACATGTGAATGGCCAAAGTCCCACACATIGCGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCAAGTCT
TTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAA
GAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGCAAACATGTGGAACAAGAGGACCA
TCTICTGAGATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTG
TCGTTCCGGGCTAAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGCGAAAGAACCAGAAAGCAACTTAGTA
AGGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCTGCTCATG
GTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATG
ATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTITGATGGGTGCCACCTTCGCGGARAATGAAC
ACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATC
TTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGIGTCTTITTIGCAAACTGCGATCTCC
GCCTTGGAAGGCGACCTGATGGTTICTCATCAATGGTTTTGCTTITGGCCTGGTTGGCAATACGAGCGATGGTTIGTT
CCACGCACTGATAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCG
TGGAGAGCAGGCCTTGCTACTTGCGGGGGEGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAAC
TTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGGCTGCTGTTG
CTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCT
GGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTG
GTCTCAGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGCGTGACATCACATGGGAAAAAGATGCGGAAGTCACT
GGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGAGAGTGGTGATTTCICCCTGGTGGAGGATGACGGTCCCCCC
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ATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAGTA
AAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTGGAGTG
GGAGTTATGCAAGAGGGGGTCTTITCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGAAGCGGTGAAGGG
AGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCC
TGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCC
GGAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCA
ATCCTAGACAAGTGTGGGAGAGTGATAGGACTTITATGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGT
GCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCCGAGCCTTCGATGCTGAAGAAGAAGCAG
CTAACTGTCTTAGACTTIGCATCCTGGAGCTGGGAAAACCAGGAGAGTTICTTCCTGAAATAGTCCGTGAAGCCATA
AAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTTIGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGG
CTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCAT
GCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCAC
TTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTICAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATC
TTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCGAAGTG
GAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATTATTCTGGAAAAACAGTTTGGTTTIGTT
CCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTIGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGA
AAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTIGTCGTGACAACTGACATTITCAGAG
ATGGGCGCCAACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAG
AGAGTCATTCTGGCTGGACCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAAT
CCCAACAAACCTGGAGATGAGTATCTIGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTT
GAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTICGCTCTATCGACCTGAGGCCGAC
AAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTTTGTGGAACTCATGAAAAGA
GGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGGTGCTTT
GATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGA
GTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCC
GCTGGGAAAAGAGGAGCGGCTTITTGCAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTC
CAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGLC
CAATTGCCGGAGACCCTAGAGACCATTATGCTTITTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTITTTCGTC
TTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGG
CTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATTIGTTIGTGTITCCTATTIGCTGGTGGTGCTCATACCT
GAGCCAGAAANAGCAAAGATCTCCCCAGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGC
TTGATTACCGCCAATGAACTCGGATGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAG
GAGGGGGCAACCATGGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTG
ACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGATGGCC
ACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTGGAGTCCCGCTGCTA
ATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCATTTITGCTCGTGGCGCACTACATG
TACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGAAC
CCTIGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAARAAAGATGGGA
CAGGTGCTACTCATGGCAGTAGCCGTICTCCAGCGCCATACTGTCGCGGACCGCCTGGGEGGTGGGGGGAGGCTGGE
GCCCTGATCACAGCCGCAACTTCCACTTIGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACT
TCACTGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTICTCTAATCTACACAGTAACAAGAAACGCTGGC
TTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCG
GCCCTGGAGTICTACTCCTACAARAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAG
GACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGGTTGGCGTGGAGCGGGGATAC
CTGCAGCCCTATGGAAAGGTCATTGATCTITGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGC
AAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGG
TGGAACATAGTCCGTICTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTIGCTGTGT
GACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGGAT
TGGCTTGAAAAAAGACCAGGAGCCTTITTGTATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTG
GAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTAC
TGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGAC
GGGCCTAGGAGGCCAGTGAAATATGAGGCGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCT
GAAGCTCCCAACATGAAGATCATTGGCGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTICTTT
GACGAGAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCTCT
CTAATAAACGGGGTTGTCAGGCTCCIGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACC
GACACCACACCGTATGGTCAGCAAAGCGAGTTITTCAAGCGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAGGT
ACTCGTCAGGTTATGAGCATGGTCTCTTCCTIGGTTGTGGAAAGAGCTAGGCAAACACAAACGGCCACGAGTCTGT

8

489



10

15

20

25

30

35

40

45

50

55

PATO18/EP/PR

ACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGG
AAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGA
GGAGAGTGCCAGAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAANCAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTITCTAGAGTTCGAAGCCCTTIGGATTICTTGAACGAG
GATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTA
GAAGAGATGAGTCGCATACCAGGAGGCGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGG
TTTGATCTGGAGAATGAAGCTCTAATCACCAACCAAATGCGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATC
AAGTACACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCAGCTGARAAAAGGGAAAACAGTTATGGACATTATT
TCGAGACAAGACCAAAGGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAA
CTCATTCGGAATATGGAGGCTGAGGAAGTCCTAGAGATGCAAGACTTIGTIGGCTGCTGCGGAGGTCAGAGAAAGTG
ACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGATTGCGTTGTGAAG
CCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCITGAATGATATGGCGGAAAAGTTAGGAAGGACACACAAGAG
TGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCAACAAGCTCCATCTC
AAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGG
GCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCAC
AGAAGGGACCTCCGACTGATGGCCAATGCCATTTGTTICATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACT
ACCTGGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTIGTGGTGTGGAACAGAGTGTGGATT
GAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATTTIGGGAAAAAGGGAA
GACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAAC
ATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTATCCACCCAAGTTCGCTACTTIGGGTGAA
GAAGGGTCTACACCTGGAGTGCTGTAAGCACCAATCTITAATGTTIGTCAGGCCTGCTAGTCAGCCACAGCTTIGGGG
AAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGC
ACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAMAACCCCACGCGCTTGGAGGCGCAG
GATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTCCA
GAAGAGGGACTAGTGGTTAGAGGAGA

KU497555.1 Zika virus isolate Brazil-ZK V2015, Brazil, complete genome (SEQ ID NO: 3)

CCAATCTGTGAATCAGACTGCGACAGTTCGAGTTITGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTTG
GATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCT
AAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTCGAAGAGGCTGCCAGCCGGACTTCTIGCTGGGTCATGG
GCCCATCAGGATGGTCTTGGCGATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAA
TAGATGGGGTTCAGTGGGGAAAAAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCT
GAGAATAATCAATGCCAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATCGTTGGCCTCCTGCT
GACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACGATGCTGG
GGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCTTGGACACATGTG
TGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGATGACGTCGATTGTTGGTGCAA
CACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGT
GACGCTCCCCTICCCATTICCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAARA
GCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCT
TTTGGGAAGCTCAACGAGCCAAAAAGTCATATACTTIGGTCATGATACTGCTGATTIGCCCCGGCATACAGCATCAG
GTGCATAGGAGTCAGCAATAGGGACTTITGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTGGAACA
TGGGGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAA
CATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCAACACA
AGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGG
AAATGGATGTGGACTTITTTGGCAAAGGGAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGG
GAAGAGCATCCAGCCAGAGAATCTGGCGAGTACCGGATAATGCTGTCAGTTICATGGCTCCCAGCACAGTGGGATGAT
CGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCCGA
AGCCACCCTGGGGGGTTTTGGAAGCTTAGGACTTIGATTGTGAACCGAGGACAGGCCTTGACTITICAGATTITIGTA
TTACTTGACTATGAATAACAAGCACTGGTTIGGTTICACAAGGAGTGGTTCCACGACATTCCATTACCTTIGGCACGC
TGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCCAAAAG
GCAAACTGTCGTGGTTCTAGGGACTCAAGAAGGAGCAGTTCACACGGCCCTTIGCTGGAGCTCTGGAGGCTGAGAT
GGATGGTGCAAAGGGAAGGCTGTCCICTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGG
CGTGTCATACTCCTTGTGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCAC
AGTGGAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCT
GACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGATGATGCTGGA
ACTTGATCCACCATTTIGGGGACTCTTACATTIGTICATAGGAGTCGGGGAGAAGAAGATCACCCACCACTGGCACAG
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GAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGTCTTGGGAGACAC
AGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGC
TTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACAAATTICTCATIGGAACGTTGCTGATGTGGTTGGGTCT
GAACACAAAGAATGGATCTATTTICCCTITATGTGCTTIGGCCTTAGGGGGAGTGTTGATCTICTTATCCACAGCCGT
CTCTGCTGATGTIGGGGTGCTCGGTGGACTICTCAAAGAAGGAGACGAGATGTGGTACAGGGGTGTICGTCTATAA
CGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCTCCCCGTAGATTGGCAGCAGCAGTCAAGCA
AGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAACATCATGTGGCGAGATCAGTAGAAGG
GGAGCTTAACGCAATCCTGGAAGAGAATGGAGTTICAACTGACGGTICGTTIGTGGGATCTGTAAAAAACCCCATGTG
GAGAGGTCCACAGAGATTGCCCGTGCCTCGTGAACGAGCTGCCCCACGGCTGCAAGGCTTGGGGGARATCGTACTT
CGTCAGAGCAGCAAAGACAAATAACAGCTTTIGTICGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAG
AGCATGGAACAGCTTTICTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGA
AGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAGTGATCT
AGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTGATCGAGATGARAAACATG
TGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCAAGTCTTTAGC
TGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCT
TGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCT
GAGATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTICGTT
CCGGGCTAAAGATGGCTGTTGGTATGCGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGGTC
AATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTIGTGATTCTGCTCATGGTGCA
GGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGATCCT
GGGAGGATTTICAATGAGTIGACCTGGCTAAGCTTIGCAATTTTGATGGGTGCCACCTTCGCGGAAATGAACACTGG
AGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGTCAGACCAGCGTTGCTGGTATCTTITCATCTTCAG
AGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTGTITTTTITGCAAACTGCGATCTCCGCCTT
GGAAGGCGACCTGATGGTTICTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACG
CACTGACAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGGAG
AGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAACTTACC
ATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCAC
AAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTIGGCCTGATATGCGCATTGGCTGGAGG
GTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGICTGCTAATTGTCAGTTACGTGGTICTC
AGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGGTGACATCACATGGGAAAALAGATGCGGAAGTCACTGGAAA
CAGTCCCCGGCTCGATGTGGCGCTAGATGAGAGTGGTGACTICTCCCTGGTGCGAGGATGACGGTCCCCCCATGAG
AGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGC
GTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAGTAAAAARA
GGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTGGAGTGGGAGT
TATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACT
TGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGA
CGGGCACAGCGAGGTGCAGCTCTTIGGCCGETGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAAT
ATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCT
AGACAAGTGTIGGGAGAGTGATAGGACTTITATGGCAATGGGGTCGTGATAAAAAATGGGAGTTATGTTAGTGCCAT
CACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTIGAGTGCTICGAGCCTTCCGATGCTGAAGAAGAAGCAGCTAAC
TGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGCGAGAGTTICTTCCTGAAATAGTCCGTGAAGCCATAAAANC
AAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCC
AGTGCGTTATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCAC
CTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTATAATCTIGTATATTATGGATGAGGCCCACTTICAC
AGATCCCTCAAGCATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTTCAT
GACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCGAAGTGGAAGT
CCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAAACAGTTTIGGTTTGTTCCAAG
CGTGAGGAACGGCAATGAGATCGCAGCTTIGTICTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGAAAGAC
TTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGG
CGCCAACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGT
CATTCTGGCTGGACCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAA
CAAACCTGGAGATGAGTACCTGTATGCGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTGAAGC
AAGAATGCTCCTTGACAATATTITACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGT
AGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTTTIGTGGAACTCATGAAAAGAGGAGA
TCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGGTGCTTTGATGG
CACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCT
CAAACCGAGGTGGATGGACGCCAGAGCTTITGTTCAGATCATGCGGCCCTCGAAGCTCATTCAAGGAGTTITGCCGCTGG
GAAAAGAGGAGCGGCTTTTIGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTICCAGGA
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AGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCCCAATT
GCCGGAGACCCTAGAGACCATTATGCTTITGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTTTTCGTCTTGAT
GAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGGCTICTC
GGAAATTGAGCCAGCCAGAATTGCATGTGICCTCATTGTTIGTIGTICCTATTGCTGGTGGTGCTCATACCTGAGCC
AGAAAAGCAAAGATCTCCCCAGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTITCTGGGCTTGAT
TACCGCCAATGAACTCGGATGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGG
GGCAACCATAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAAC
TTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTICATACAACAACTACTCCTTAATGGCGATGGCCACGCA
AGCTGGAGTGTTIGTTIGGTATGGCGCAAAGGGATGCCATTCTACGCATGGGACTTIGGAGTCCCGCTGCTAATGAT
AGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATTITTIGCTCGTGGCGCACTACATGTACTT
GATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGT
TGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGT
GCTACTCATAGCAGTAGCCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGEGGGETGGEGEGEGGAGGCTGGGEGCCCT
GATCACAGCCGCAACTTCCACTTTGIGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACT
GTGTAACATTITTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGT
CAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCT
GGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAGGACGG
TGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGCTTGGTGGAGCGGGGATACCTGCA
GCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCARAGT
TCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAA
CATAGTCCGTICTITAAGAGTIGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTIGTGACAT
AGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGGATTGGCT
TGAAAAAAGACCAGGAGCCTTTTIGCATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGAGCG
ACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTACTGGGT
CTCTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCC
TAGGAGGCCAGTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGC
TCCCAACATGAAGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTITGACGA
AAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGTGGCCCCCACACAAGGGTCAGCGTCCTCTCTAAT
AAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACAC
CACACCGTATGGTCAGCAAAGAGTTITCAAGGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAGGCACTCG
TCAGGTTATGAGCATGGTCTCTTICCTGGTTGTGGAAAGAGCTAGGCAAACACAAACGACCACGAGTCTGTACCAA
AGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAANAGAGTGGAAGAC
TGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGA
GTGCCAGAGTIGIGTIGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAGGGCAG
CCGCGCCATCTIGGTATATGTGGCTAGGGGCTAGATTTICTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATCA
CTGGATGGGGAGAGAGAACTCAGGAGGTGEGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAGA
GATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGGTTTIGA
TCTGGAGAATGAAGCTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTGGCATIGGCCATAATCAAGTA
CACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAG
ACAAGACCAAAGGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCAT
TCGGAATATGGAGGCTGCGAGGAAGTTCTAGAGATGCAAGACTTIGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAA
CTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGATTGCGTTGTGAAGCCAAT
TGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAAAGTTAGGAAGGACACACAAGAGTGGAA
ACCCTCAACTGGATGGGACAACTGGGAAGAAGTTICCGTTTITGCTCCCACCACTTCAACAAGCTCCATCTCAAGGA
CGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGG
ATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAG
GGACCTCCGACTGATGGCCAATGCCATTIGTTCATCTIGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTG
GTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTIGGTGTGGAACAGAGTGTGGATTGAGGA
GAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATTTGGGAAAAAGGGAAGACTT
GTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAATACAGTCAACATGGT
GCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTATCCACCCAAGTTCGCTACTTIGGGTGAAGARAGG
GTCTACACCTGGAGTGCTGTGAGCACCAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTIGGGGARAGC
TGTGCAGCCTGTGACCCCTCCAGGAGAAGCTGGGTAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGA
AGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGGATGG
GAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTCCAGAAGA
GGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGCTGGGAAAGACCAGAGACTCCA
TGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAATAGCGGCGGCCGGTGTGGGGAAATCCA
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KUS501215.1 Zika virus strain PRVABCS9, Puerto Rico, complete genome (SEQ ID NO: 4)

GTTGTTGATCIGTGTGAATCAGACTGCGACAGTTCGAGTITGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTT
ATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAA
TATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTICTGCTGGG
TCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCTTTITTGAGATTCACGGCAATCAAGCCATCACTGGGTCT
CATCAATAGATGGGGTTCAGTGGGGAAAAAAGAGGCTATGGAAACAATAAAGAAGTTCAAGAAAGATCTGGCTGC
CATGCTGAGAATAATCAATGCTAGGCGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCT
CCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTIGGACAGAAACGA
TGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCTTGGACA
CATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGATGACGTCGATTGT TG
GTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCTAGAAG
AGCTGTGACGCTCCCCTCCCATTCCACCAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATA
CACAAAGCACTTIGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGC
TTGGCTTTTGGGAAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAG
CATCAGGTGCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTICTT
GGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGT
CAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACATGGCTTICTGACAGCCGCTGCCC
AACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTICTGCAAAAGAACGTTAGTGGACAGAGG
CTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGARAAAT
GACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGG
GATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAAGTTGAGATAACGCCCAATTCACCGAG
AGCCGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTIGATTGTGAACCGAGGACAGGCCTTGACTTITICAGA
TTTGTATTACTTGACTATGAATAACAAGCACTGGCGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTG
GCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGC
CAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGC
TGAGATGGATGGTGCAAAGGGAAGGCTGTCCTCTGGCCACTTIGAAATGTCGCCTGAAAATGGATAAACTTAGATT
GAAGGGCGTGTCATACTCCTTGTGTACTGCAGCGTTCACATTICACCAAGATCCCGGCTGAAACACTGCACGGGAC
AGTCACAGTGGAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTICCAGCTCAGATGGCGGTGGACATGCA
AACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGATGAT
GCTGGAACTTGATCCACCATTTGGGGACTCTTACATTIGTCATAGGAGTCGGGGAGAAGAAGATCACCCACCACTG
GCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGTCTTGGG
AGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCCATCAAATTTITTGG
AGCAGCTTTCAAATCATTIGTTITGGAGGAATGTCCTGGTTCTCACAAATTICTCATTGGAACGTTGCTGATGTGGTT
GGGTCTGAACACAAAGAATGGATCTATTICCCTTATGTGCTTIGGCCTTAGGGGGAGTGTTGATCTTCTTATCCAC
AGCCGTCTCTGCTGATGTGGGGETGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGT
CTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGT
CAAGCAAGCCTIGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGCGGAAAACATCATGTGGAGATCAGT
AGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCC
CATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTIGTCGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGARAATC
GTATTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTIGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAA
ACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTICGGGGTATTTCACACTAGTGTCTGGCTCAAGGT
TAGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAG
TGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTGATCGAGATGAA
AACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCAAGTC
TTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGA
AGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACC
ATCTCTGAGATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACT
GTCGTTCCGGGCTAAAGATGGCTGTIGGTATGGAATGGAGATAAGGCCCAGCAAAGAACCAGAAAGCAACTTAGT
AAGGTCAATGGTGACTGCAGGATCAACTGATCACATGGACCACTTICTCCCTTIGGAGTGCTTGTGATCCTGCTCAT
GGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTAT
GATCCTGGGAGGATTITICAATGAGTGACCTGGCTAAGCTIGCAATTITTIGATGGGTGCCACCTTICGCGGAAATGAA
CACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTICAAAGTCAGACCAGCGTIGCTGGTATCTTTICAT
CTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTC
CGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTIGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGT
TCCACGCACTGATAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGC
GTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGARA
CTTACCATTTGTCATGGCCCTGGGACTAACCGCTIGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTIGTT
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GCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGC
TGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGT
GGTCTCAGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCAC
TGGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGAGAGTGGTGATTICTCCCTGGTGGAGGATGACGGTCCCCC
CATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGC
TGGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAGT
AAAAANGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTGGAGT
GGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAARAGGATCCGCGCTGAGAAGCGGTGAAGG
GAGACTTGATCCATACTGGGGAGATCTCAAGCAGGATCTGGTGTCATACTGTIGGTCCATGGAAGCTAGATGCCGC
CTGGGATGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTIGCC
CGGAATATTTAAGACAAAGGATGGGGCGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCC
AATCCTAGACAAGTGTGGGAGAGTGATAGGACTTITATGGCAATGGGGTCGTGATCAAAAACGGGAGTTATGTTAG
TGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCCTCGATGCTGAAGAAGAAGCA
GCTAACTGTCTTAGACTTIGCATCCTGGAGCTGGGAAAACCAGGAGAGTICTICCTGAAATAGTCCGTGAAGCCAT
AAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTTGTCGCTGCTGAAATGGAGGAGGCCCTTAGAGG
GCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCA
TGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCA
CTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTITCAACAAGGGTIGAGATGGGCGAGGCGGCTGCCAT
CTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCGAAGT
GGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAAACAGTTTIGGTTITGT
TCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAG
AAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTICAGA
GATGGGCGCCAACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTICATACTTIGATGGCGA
GAGAGTCATTCTGGCTGGACCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGCGAGGGGGCGCATAGGCAGGAA
TCCCAACAAACCTGGAGATGAGTATCTGTATGGAGGCGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCT
TGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGA
CAAAGTAGCAGCCATTGAGGGAGAGTITCAAGCTTAGGACGGAGCAAAGGAAGACCTTTGTIGGAACTCATGARAAG
AGGAGATCTTCCTIGTTTIGGCTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGGTGCTT
TGATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAG
AGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTITGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGC
CGCTGGGAAAAGAGGAGCGGCTTTTGCGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATT
CCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGC
CCAATTGCCGGAGACCCTAGAGACCATAATGCTITTIGGGGTTIGCTGGGAACAGTCTCGCTGGGAATCTTICTTICGT
CTTGATGAGGAACAAGGGCATAGGCGGAAGATGGGCTTIGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTG
GCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATTGTTIGTIGTTCCTATTGCTGGTGGTGCTCATACC
TGAGCCAGAAAAGCAAAGATCTCCCCAGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGG
CTTGATTACCGCCAATGAACTCGGATGGCGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGA
GGAGGGGGCAACCATAGGATTCTCAATGGACATTIGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTT
GACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACCTCATACAACAACTACTCCTTAATGGCGATGGC
CACGCAAGCTGGAGTGTTIGTTTGGCATGGGCAAAGGGATGCCATTCTACGCATGGGACTITGGAGTCCCGCTGCT
AATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCGCACTACAT
GTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGARA
CCCTGTTGTGGATGGAATAGTGGTGACTGACATTIGACACAATGACAATTGACCCCCAAGTGGAGARAAAAGATGGG
ACAGGTGCTACTCATAGCAGTAGCCGTCTICCAGCGCCATACTGTCGCGGACCGCCTGGEEGEGTGGEEGEGAGGCTGG
GGCTCTGATCACAGCCGCAACTTCCACTITGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCAC
TTCACTGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGG
CTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTC
GGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAA
GGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATA
CCTGCAGCCCTATGGAAAGGTCATTGATCTTIGGATGTGGCAGAGGGGGCTGGAGTTACTACGTCGCCACCATCCG
CAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTIGGTGCAAAGCTATGG
GTGGAACATAGTCCGTICTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTIGTG
TGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGGA
TTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTIGTGCCCATACACCAGCACTATGATGGAAACCCT
GGAGCGACTGCAGCGTAGGTATGGCGGGCGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTA
CTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCICTTGGGGCGCATGGA
CGGGCCTAGGAGGCCAGTGAAATATCAGCGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGC
TGAAGCTCCCAACATGAAGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTICTT
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TGACGAGAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCTC
TCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGAC
CGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAGG
CACTCGTCAGGTTATGAGCATGGTCICTICCTGGTTGTGGAAAGAGCTAGGCAAACACAAACGGCCACGAGTCTG
CACCAAAGAAGAGTTCATCAACAAGGTTICGTAGCAATGCAGCATTAGGGGCAATATTTGAAGAGGAAARAGAGTG
GAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAG
AGGAGAGTGCCAGAGCTGTGTGTACAACATGATGGCGAAAAAGAGAAAAGAAACAAGGGCGAATTTGGAAAGGCCAA
GGGCAGCCGCGCCATCTGGTATATGIGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTICTTGAACGA
GGATCACTGGATGGGGAGAGAGAACTCAGGAGGTIGGTGTTGAAGGGCTCGGGATTACAAAGACTCGGATATGTCCT
AGAAGAGATGAGTCGTATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATTAGCAG
GTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAAT
CAAGTACACATACCAAAACAANGTGGTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTAT
TTCGAGACAAGACCAAAGGGGGAGCGGACAAGTTIGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCA
ACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTIGTGGCTGCTGCGGAGGTCAGAGAAAGT
GACCAACTGGTITGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGATTIGCGTTGTGAA
GCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTICTTGAATGATATGGGCGAAAAGTTAGGAAGGACACACAAGA
GTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTICCGTTTTGCTCCCACCACTTCAACAAGCTCCATCT
CAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATIGGCCGGGCCCGCGTICTCTCCAGG
GGCGGGATGGAGCATCCGGGAGACTGCTTIGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCA
CAGAAGGGACCTCCGACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAAC
TACCTGGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTIGTGGTGTGGAACAGAGTGTGGAT
TGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATICCCTATTIGGGAARAAAGGGA
AGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAA
CATGGTGCGCAGGATCATAGGTGATCGAAGAAAAGTACATGGACTACCTATCCACCCAAGTTCGCTACTTIGGGTGA
AGAAGGGTCTACACCTGGAGTGCTGTAAGCACCAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGG
GAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGG
CACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTIGGAGGCGCA
GGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTICAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTCC
AGAAGAGGGACTAGTGGTTAGAGGA

KU509998.1 Zika virus strain Haiti/1225/2014, Haiti, complete genome (SEQ ID NO: 5)

GTTGTTACTGTITGCTGACTCAGACTGCGACAGTTCGAGTTITGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTT
ATTTGGATTTGGAAACGAGAGTTTICTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAAT
ATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGT
CATGGGCCCATCAGGATGGTCTTGGCAATTCTAGCCTTTTITGAGATTCACGGCAATCAAGCCATCACTGGGTICTC
ATCAATAGATGGGGTTCAGTGGGGAAAAAAGAGGCTATGGAAATAATAAAGAAGTTCAAGARAAGATCTGGCTGCC
ATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTC
CTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTIGGACAGAAACGAT
GCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCTTGGACAC
ATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGATGACGTCGATTIGTITGG
TGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCTAGAAGA
GCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATAC
ACAAAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCT
TGGCTTTTGGGAAGCTCAACGAGCCAAAAAGTCATATACTTIGGTCATGATACTGCTGATTGCCCCGGCATACAGC
ATCAGGTGCATAGGAGTCAGCAATAGGGACTTTIGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTG
GAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTC
AGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCA
ACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTCTIGCAAAAGAACGTTAGTGGACAGAGGC
TGGGGAAATGGATGTGGACTTITITGGCAAAGGGAGTCTGGTGACATGCGCTAAGTTTGCATGC TCCAAGAAAATG
ACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGG
ATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGA
GCCGAAGCCACCCTGGGGGGTTTTGCAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTITTCAGAT
TTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGG
CACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCC
AAAAGGCAAACTGTCGIGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCT
GAGATGGATGGTGCAAAGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTG
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AAGGGCGTGTCATACTCCTTGTGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACA
GTCACAGTGGAGGTACAGTACGCAGGGACAGATGGACCTTIGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAA
ACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGATGATG
CTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGT CGGGGAGAAGAAGATCACCCACCACTGG
CACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGTICTTIGGGA
GACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGA
GCAGCTTTCAAATCATTIGTITTGGAGCGAATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTG
GGTCTGAACACAAAGAATGGATCTATITTICCCTTATGTIGCTTIGGCCTTAGGGGGAGTGTTIGATCTICTTATCCACA
GCCGTCTCTGCTGATGTGGGGTGCTCGGTGGACTTCTCARAGAAGGAGACGAGATGCGGTACAGGGGTIGTTICGTC
TATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTC
AAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTA
GAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCC
ATGTGGAGAGGTCCACAGAGATTGCCCGTIGCCTGTGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCG
CACTTCGTCAGAGCAGCAAAGACAAATAACAGCITIGTICGTGGATGGTGACACACTGAAGGAATGCCCACTCAAA
CATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTT
AGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAGT
GATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTGATCGAGATGAAA
ACATGTGAATGGCCAAAGTCCCACACATTIGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCAAGTCT
TTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAA
GAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCA
TCTCTGAGATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTG
TCGTTCCGGGCTAAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTA
AGGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTICTICCCTTIGGAGTGCTIGTGATTICTGCTCATG
GTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATG
ATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTGATGGGTGCCACCTTCGCGGAAATGAAC
ACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATC
TTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCC
GCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTITGCTTTGGCCTIGGTTGGCAATACGAGCGATGGTTIGTT
CCACGCACTGATAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTIGTGGCG
TGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAAC
TTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGEGTGGGGCTGCTGTTG
CTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCT
GGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTG
GTCTCAGGAAAGAGTGTGGACATGTACATTIGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACT
GGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCC
ATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAGTA
AAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTGGAGTG
GGAGTTATGCAAGAGGGGGTCTTTCACACTATGTIGGCACGTCACAAAAGGATCCGCGCTGAGAAGCGGTGAAGGG
AGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCC
TGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCC
GGAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCA
ATCCTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGT
GCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTIGAGTGCTTICGAGCCTTCGATGCTGAAGAAGAAGCAG
CTAACTGTCTTAGACTTGCATCCTGGCGAGCTGGGAAAACCAGGAGAGTTICTTCCTGAAATAGTCCGTGAAGCCATA
AAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGG
CTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCAT
GCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTIATGGATGAGGCCCAC
TTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATC
TTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCGAAGTG
GAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATTATTCTGGAAAAACAGTTITIGGTTITIGTT
CCAAGCGTGAGGAACGGCAATGAGATCGCAGCTIGTICTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGA
AAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAG
ATGGGCGCCAACTTTAAAGCTGACCGTGTCATAGATTICCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAG
AGAGTCATTCTGGCTGGACCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAAT
CCCAACAAACCTGGAGATGAGTATCIGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTT
GAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTICGCTCTATCGACCTGAGGCCGAC
AAAGTAGCAGCCATTGAGGGAGAGTTICAAGCTTAGGACGGAGCAAAGGAAGACCTTTGTGGAACTCATGAAAAGA
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GGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGGTGCTTT
GATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAARAGA
GTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTIGCC
GCTGGGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTC
CAGGAAGCCATTGACAACCTCGCTGIGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCC
CAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTTTTCGTC
TTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGCGGGCCAGCGCATGGCTCATGTGG
CTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATTIGTTIGTIGITCCTATTGCTGGTGGTGCTCATACCT
GAGCCAGAAAAGCAAAGATCTCCCCAGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTICTTCTGGGC
TTGATTACCGCCAATGAACTCGGATGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAG
GAGGGGGCAACCATGGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTG
ACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGATGGCC
ACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTGGAGTCCCGCTGCTA
ATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCATTITGCTCGTGGCGCACTACATG
TACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGAAC
CCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAAANAGATGGGA
CAGGTGCTACTCATGGCAGTAGCCGTICTCCAGCGCCATACTGTCGCGGACCGCCTGGCGGEGEGETGGGEGGAGGCTGGEG
GCCCTGATCACAGCCGCAACTTCCACTTITGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACT
TCACTGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGC
TTGGTCAAGAGACGTGGGGGTGGCGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCG
GCCCTGGAGTICTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAG
GACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATAC
CTGCAGCCCTATGGAAAGGTCATTGATCTTIGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGC
AAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGG
TGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTCGAGCCGTGTGACACGTTIGCTGTGT
GACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGGAT
TGGCTTGAAAAAAGACCAGGAGCCTTITTIGTATAAAAGTGTTIGTGCCCATACACCAGCACTATGATGGARACCCTG
GAGCGACTGCAGCGTAGGTATGGGGCGAGGACTGGTCAGAGTGCCACTCTICCCGCAACTCTACACATGAGATGTAC
TGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGAC
GGGCCTAGGAGGCCAGTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTIGTGGTAAGCTGCGCT
GAAGCTCCCAACATGAAGATCATTGGCTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTICTTT
GACGAGAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCTCT
CTAATAAACGGGGTTIGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACC
GACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAGGC
ACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAGCTAGGCAAACACAAACGGCCACGAGTCTGT
ACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGG
AAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGA
GGAGAGTGCCAGAGTTIGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTICTAGAGTTCGAAGCCCTIGGATTCTTGAACGAG
GATCACTGGATGGGGAGAGAGAACTCAGCGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTA
GAAGAGATGAGTCGCATACCAGGAGCGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGG
TTTGATCTGGAGAATGAAGCTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATC
AAGTACACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATT
TCGAGACAAGACCAAAGGGGGAGCGGACAAGTTIGTCACTTACGCTICTTAACACATTTACCAACCTAGTGGTGCAA
CTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTG
ACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGATTGCGTTGTGAAG
CCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTITGAATGATATGGCGGAAAAGTTAGGAAGGACACACAAGAG
TGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTIGCTCCCACCACTTCAACAAGCTCCATCTC
AAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGG
GCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCAC
AGAAGGGACCTCCGACTGATGGCCAATGCCATTTGTTICATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACT
ACCTGGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTIGCTGGETGTGGAACAGAGTGTGGATT
GAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATTTIGGGAAAAAGGGAA
GACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAAC
ATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTATCCACCCAAGTTCGCTACTTIGGGTGAA
GAAGGGTCTACACCTGGAGTGCTGTAAGCACCAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTIGGGG
AAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGC
ACGGAAGAAGCCATGCTIGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAG
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GATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTCCA
GAAGAGGGACTAGTGGTTAGAGGAGA

KUS527068.1 Zika virus strain Natal RGN, Brazil: Rio Grande do Norte, Natal, complete
genome (SEQ ID NO: 6)

AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTT
TATTTTGGATTTGGAAACGAGAGTTTICTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCA
ATATGCTAAAACGCGGAGTAGCCCGTIGTGAGCCCCTTTGGGGEGCTTGAAGAGGCTGCCAGCCGGACTTICTGCTGG
GTCATGGGCCCATCAGGATGGTICTTGGCAATTCTAGCCTTITTITGAGATTICACGGCAATCAAGCCATCACTGGGTC
TCATCAATAGATGGGGTTCAGTGGGGAAAAAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTG
CCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTIGTTGGCC
TCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACG
ATGCTGGGGAGGCCATATCTTTITCCAACCACATTIGGGGATGAATAAGTGTTATATACAGATCATGGATCTTGGAC
ACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGATGACGTCGATTGTT
GGTGCAACACGACGTCAACTTGGGTIGTGTACGGAACCTGCCATCACAAANANGGTGAAGCACGGAGATCTAGAA
GAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAAT
ACACAAAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTICGCGTTAGCAGCAGCTGCCATCG
CTTGGCTTTTGGGAAGCTCAACGAGCCAAAAAGTCATATACTTIGGTCATGATACTGCTGATTGCCCCGGCATACA
GCATCAGGTGCATAGGAGTCAGCAATAGGGACTTITGTGGAAGGCGTATGTCAGGCGTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAG
TCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCC
CAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTCTGCAAAAGAACGTTAGTGGACAGAG
GCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAA
TGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTG
GGATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAA
GAGCCGAAGCCACCCTIGGGGGGTTTIGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTTICAG
ATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTCCACAAGGAGTGGTICCACGACATTCCATTACCTT
GGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATG
CCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGG
CTGAGATGGATGGTGCAAAGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGAT
TGAAGGGCGTGTCATACTCCTTGTGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGA
CAGTCACAGTGGAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGC
AAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGATGA
TGCTGGAACTTGATCCACCATTTIGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAGAAGATCACCCACCACT
GGCACAGGAGTGGCAGCACCATTGGAAAAGCATITGAAGCCACTGTGAGCGAGCTGCCAAGAGAATGGCAGTCTTGG
GAGACACAGCCTGGGACTITGGATCAGTIGGAGGCGCTCTCAACTCATTIGGGCAAGGGCATCCATCAAATTTITIG
GAGCAGCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTICTCACAAATCCTCATTGGAACGTTGCTGATGTGGT
TGGGTCTGAACACAAAGAATGGATCTATITCCCTTATGTGCTTIGGCCTTAGGGGGAGTGTITGATCTICTTATCCA
CAGCCGTCTICTGCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCG
TCTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAG
TCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAGAACATCATGTGGAGATCAG
TAGAAGGGGAGCTCAACGCAATCTTGGAAGAGAATGGAGTTCAACTGACGGICGTTGTGGGATCTGTAAAAAACC
CCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTGAACGAGCTGCCCCACGGCTGGAAGGCTTIGGGGGAAAT
CGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTITGTICGTGGATGCTGACACACTGAAGGAATGCCCACTCG
AACATAGAGCATGGAACAGCTTTCTTIGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGG
TTAGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGGAAGGAGGCTGTACACA
GTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTAATCGAGATGA
AAACATGTGAATGGCCAAAGTCCCACACATTGTGGGCAGATGGAATAGAAGAGAGTGATCTGATCATTCCCAAGT
CTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTG
AAGAGCTTGAAATTCGGTTTGAGGAATGCCCGGGCACTAAGGTCCACGTGCGAGGAAACATGTGGAACAAGAGGAC
CATCTCTGAGATCAACCACTGCAAGCGGCGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCAC
TGTCGTTCCGGGCTAAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAG
TAAGGTCAGTGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCTGCTCA
TGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTA
TGATCCTIGGGAGGATTITTICAATGAGTGACCTGGCTAAGCTTGCAATTTITIGATGGGCGCCACCTTCGCGGAAATGA
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ACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCA
TCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTGTCTTITTGCAAACTGCGATCT
CCGCCTTGGAAGGCGACCTGATGGTICTCATCAATGGTTITGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTG
TTCCACGCACTGATAACATCACCTTGGCAATCCTIGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTIGTGG
CGTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTITATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGA
ACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGT
TGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGG
CTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTIGTCAGTTACG
TGGTCTCAGGAAAGAGTGTGGACATCGTACATTGAAAGAGCAGGTGACATCACATGCGCGAAAAAGATGCGGAAGTCA
CTGGAAACAGTCCCCGGCTICGATGTGGCGCTAGATGAGAGTGGTGATTICTCCCTGGTGGAGGATGACGGTCCCC
CCATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAG
CTGGAGCGTGGTACGTATACGTGAAGACTGGAAAANGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAG
TAAAARAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTGGAG
TGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGAAGCGGTGAAG
GGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGCGTGGTCCATGGAAGCTAGATGCCG
CCTGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGC
CCGGAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTC
CAATCCTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTICGTGATCAAAAATGGGAGTTATGTTA
GTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGC
AGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCA
TAAAAACAAGACTCCGTACTGTIGATCTTAGCTCCAACCAGGGTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAG
GGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCC
ATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTATAATCTIGTATATTATGGATGAGGCCC
ACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCA
TCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCGAAG
TGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTITGATTIGGGTGACGGATCATTCTGGAAAAACAGTTITGGTTTG
TTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTIGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCA
GAAAGACTTITIGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTIGTCGTGACAACTGACATTTCAG
AGATGGGCGCCAACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCG
AGAGAGTCATTTTGGCTGGACCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGA
ATCCCAACAAACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGC
TTGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCG
ACAAAGTAGCAGCCATTIGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTTTIGTGGAACTCATGAAAA
GAGGAGATCTICCTIGTITTIGGCTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGGTGCT
TTGATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAA
GAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTG
CCGCTGGGAAAAGAGGAGCGGCTTTTGCGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGAT
TCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGLCGG
CCCAATTGCCGGAGACCCTAGAGACCATTATGCITTITIGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTITTITCG
TCTTGATGAGGAACAAGGGCATAGGCGAAGATGGGCTTITGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGT
GGCTCTCGGAAATTGAGCCAGCCAGAATTIGCATGTGTCCTCATTGTTGTIGTTCCTATTGCTGGTGGTGCTCATAC
CTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTICTGG
GCTTGATTACCGCCAATGAACTCGGATGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAG
AGGAGGGAGCAACCATAGGATTICTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCT
TGACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGATGG
CCACGCAAGCTIGGAGTGTTIGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTGGAGTCCCGCTGC
TAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATTTITGCTCGTGGCGCACTACA
TGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGA
ACCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGG
GACAGGTGCTACTCATAGCAGTAGCAGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGEGGEGGTGGGGGGAGGCTG
GGGCCCTGATCACAGCCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCA
CTTCACTGTGTAACATTTITTAGGGGAAGTTACTIGGCTGGAGCTTICTCTAATCTACATAGTAACAAGARAACGCTG
GCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGT
CGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCA
AGGATGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGGTTGGTGGAGCGGGGAT
ACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCC
GCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTITGGTGCAAAGCTATG
GGTGGAACATAGTCCGICTITAAGAGTGGGEGTGGACGTCTITCATATGGCGGCTGAGCCGTGTGACACGTTGCTGT
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GTGACATAGGTGAGTCATCATCTAGTICCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGG
ATTGGCTTGAAAAAAGACCAGGAGCCTTITGTATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCC
TGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGT
ACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGG
ACGGGCCTAGGAGGCCAGTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCG
CTGAAGCTCCCAACATGAAGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCT
TTGACGAGAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCT
CTCTAATAAACGGGGTTIGTICAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGA
CCGACACCACACCGTATGGTCAGCAAAGAGTTTTICAAGGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAG
GCACTCGTCAGGTTATGAGCATGGTCTICTITCCTIGGTTIGTGGAAAGAGCTAGGCAAACACAAACGGCCACGAGTCT
GTACCAAAGAAGAGTTCATCAACAAGGTICGTAGCAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGT
GGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTICTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTIGA
GAGGAGAGTGCCAGAGTTIGTGTGTACAACATGATGGGAAAAAGAGAAANGAAACAAGGGGAATTTGGAAAGGCCA
AGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTICGAAGCCCTTGGATTCTTGAACG
AGGATCACTGGATGGGGCGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCC
TAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCA
GGTTCGATCTGGAGAATGAAGCTCTAATCACCAACCAAATGGAGAAAGGGCATAGGGCCTTGGCATTGGCCATAA
TCAAGTACACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTA
TTTCGAGACAAGACCAAAGGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGC
AACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTIGTGGCTGCTGCGGAGGTCAGAGAAAG
TGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGATTIGCGTTIGTGA
AGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTICTTIGAATGATATGGGAAAAGTTAGGAAGGACACACAAG
AGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTITTIGCTCCCACCACTTCAACAAGCTCCATC
TCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAG
GGGCGGGATGGCGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCC
ACAGAAGGGACCTCCGACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAA
CTACCTGGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTITGTGGTGTIGGAACAGAGTGTGGA
TTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATICCCTATITGGGAAAAAGGG
AAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCA
ACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTATCCACCCAAGTTCGCTACTTIGGGTG
AAGAAGGGTCTACACCTGGAGTGCTGTAAGCACCAATCTTAATGTTIGTCAGGCCTGCTAGTCAGCCACAGCTTGG
GGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATG
GCACGGAAGAAGCCATGCTIGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCATGCGCTTIGGAGGCGC
AGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTICAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTC
CAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGCTGGGAAAGACCAGA
GACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAATAGCGGCGGCCGGETGTGGGGAAATCCA
TGGGTCTT

KUGR1081.3 Zika virus isolate Zika virus/H.sapiens-tc/THA/2014/SV0127- 14, Thailand,
complete genome (SEQ ID NO: 7)

AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTT
TATTTTGGATTITGGAAACGAGAGTTICTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTIGTCA
ATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTICTGCTGG
GTCATGGGCCCATCAGGATGGTICTTGGCGATTCTAGCCTTITTITGAGATTICACGGCAATCAAGCCATCACTGGGTC
TCATCAATAGATGGGGTTCAGTGGGAAAARAAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTG
CCATGCTGAGAATAATCAATGCTAGGCGAAGGAGAAGAAGAGACGAGGCACAGATACTAGTGTCGGAATTGTTGGCC
TCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAGCG
ATGCTGGGGAGGCCATATCTTTTICCAACCACACTGGGGATGAATAAGTIGTTATATACAGATCATGGATCTTIGGAC
ACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTAGAACCAGATGACGTCGATTIGTT
GGTGCAACACGACGTCAACTTGGGTTIGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCCAGAA
GAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAGACCTGGTTGGAATCAAGAGAAT
ACACAAAGCACTTGATTAGAGTCGAAAATTGGATATTICAGGAACCCTGGCTTICGCGTTAGCAGCAGCTGCCATCG
CTTGGCTTTTGGGAAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACA
GCATCAGGTGCATAGGAGTCAGTAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTICGACATAGAGCTGGTTACAACAACAG
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TCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCGGACATGGCTTCGGACAGCCGCTGCC
CAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTCTGCAAAAGAACGTTAGTGGACAGAG
GCTGGGGAAATGGATGTGGACTTTTTIGGCAAAGGGAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAARA
TGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTIGTCAGTTCATGGCTCCCAGCACAGTG
GGATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAA
GAGCCGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTTTCAG
ATTTIGTATTACTTGACTATGAACAACAAGCACTGGTTIGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTT
GGCACACTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATG
CCAAAAGGCAAACTGTCGTIGGTTICTAGGCGAGTCAAGAAGCGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGG
CTGAGATGGATGGTGCAAAGGGAAGGCTGTICCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGAT
TGAAGGGCGTGTCATACTCCTTGTGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGA
CAGTCACAGTGGAGGTACAGTACGCAGGGACAGATGGACCTTIGCAAGGTTCCAGCTCAGATGGCGGTGGACATGC
AAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAGGCACTGAGAACTCTAAGATGA
TGCTGGAACTTGATCCACCATTIGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAGAAGATCACCCACCACT
GGCACAGGAGTGGCAGCACCATTGGAAAAGCATTITGAAGCCACTGTGAGAGGCGTGCCAAGAGAATGGCAGTCTTGG
GAGACACAGCCTGGGACTTITGGATCAGTIGGAGGCGTTCTTAACTCATTGGGCAAGGGCATCCATCAAATTTTTG
GAGCAGCTTITCAAATCATTIGTTTGGAGGAATGTCCTGGTICTCACAAATTICTCATTGGAACGTTGCTGATGTGGT
TGGGTCTGAATACAAAGAATGGATCTATTTCCCTITATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCA
CAGCCGTCTCCGCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAAACGAGATGCGGTACAGGGGTGTTCG
TCTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCTCGTAGATTGGCAGCAGTAG
TCAAGCAAGCCTGGGAAGATGGTATCTGTGGGATCTCCTICTGTTTCAAGAATGGAAAACATCATGTGGAGATCAG
TAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGGTCGTITGTGGGATCTGTAAAARAACC
CCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTGAACGAGCTGCCCCACGGCTGGAAGGCTIGGGGGAAAT
CGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTITGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCA
AACATAGAGCATGGAACAGCTTTCTTIGTGGCGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGG
TTAGAGAAGATTATTCACTAGAGTGTGATCCAGCCGTCATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACA
GTGATCTAGGCTACTGGATTGAGAGTGAGAAGAACGACACATGGCGAGGCTGAGGAGGGCCCACCTGATCGAGATGA
AAACATGTGAATGGCCAAAGTCCCACACATTIGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCAAGT
CTTTAGCTGGGCCACTCAGCCATCACAACACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTG
AAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGAC
CATCTCTGAGATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCAC
TGTCGTTCCGGGCTAAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTAG
TAAGGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTTICCCTTGGAGTGCTIGTGATICTGCTCA
TGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTA
TGATCCTGGGAGGATTTTCAATGAGTGATCTGGCTAAGCTTGCAATTTTGATGGGTGCCACCTTTGCGGAAATGA
ACACTGGAGGAGATGTAGCTCATCTGGCGCTGGTAGCGGCATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCA
TCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTITGGCCTCGTGTCTITTGCAAACTGCGATCT
CCGCCTTGGAAGGCGACCTGATGGTICTCATCAATGGTTITITGCTTITGGCCTGGTTGGCAATACGAGCGATGGT TG
TTCCACGCACTGACAATATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTIGTGG
CGTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTICATGCTCCTCTCTCTGAAGGGGAAAGGCAGTGTGAAGAAGA
ACTTACCATTTIGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGT
TGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGG
CTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCATGGCCGCGGETICGGTCTGCTAATTGTCAGTTACG
TGGTCTCAGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTTA
CTGGAAACAGTCCCCGGCTCGATGTGGCACTAGATGAGAGTGGTGATTICTCCCTGGTGGAGGATGACGGTCCCC
CCATGAGAGAGATCATACTCAAAGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAG
CTGGAGCGTGGTACGTATACGTGAAAACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAG
TAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTGGAG
TGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCATGTCACAARAGGATCCGCGCTGAGAAGCGGTGAAG
GGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCG
CCTGGGACGGGCACAGCGAGGTGCAGCTCTTIGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGC
CCGGAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGACTATCCAGCAGGAACTTICAGGATCTC
CAATCCTAGACAAGTGTGGGAGAGTGATAGGACTCTATGGCAATGGGGTCGTGATCAAGAATGGGAGTTATGTCA
GTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTITGAGTGCTICGAGCCTTCGATGCTGAAGAAGAAGC
AGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTTICTTCCTGAAATAGTCCGTGAAGCCA
TAAAAACGAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTTGTICGCTGCTGAAATGGAGGAAGCCCTTAGAG
GGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCACCCATTCTGGGACAGAAATCGTTGACTTAATGTGCC
ATGCCACCTTCACTTCACGTICTACTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCC
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ACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCAGCTGCCA
TCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTCCCGGACTCCAACTCACCAATTATGGACACCGAAG
TGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTITGATTIGGGTGACGGATCATTICTGGAAAAACAGTTITGGTTTG
TCCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTIGTICTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCA
GAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTICGTCGTGACAACTGACATTICAG
AGATGGGCGCCAACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCG
AGAGAGTCATTCTGGCTGGACCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGA
ATCCCAACAAACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGATGAAGACCATGCACACTGGC
TTGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCG
ACAAAGTAGCAGCCATTIGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTTTGTGGAACTCATGAAAR
GAGGAGATCTTICCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGGTGCT
TTGATGGCATGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAA
GAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTITIGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTG
CCGCTGGGAAAAGAGGAGCGGCTTTIGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACGGAGAGAT
TCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGG
CCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTIGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTTTTCG
TCTTGATGCGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGT
GGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGCGTCCTCATTIGTTIGTIGTICCTATTGCTGGTGGTGCTCATAC
CTGAGCCAGAAAAGCAAAGATCCCCCCAGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTICTGG
GCTTGATTACCGCCAATGAACTCGGATGGCGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAG
AGGAGGGGGCAACCATAGGATTICTCAATGGACATTGACCTGCGGCCAGCCTCGGCCTGGGCCATCTATGCTGCCC
TGACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTITAATGGCGATGG
CCACGCAAGCTGGAGTGTTIGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTGGAGTCCCGCTGC
TAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCTATCATTTTGCTCGTGGCGCACTACA
TGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGA
ACCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACTATTGACCCCCAAGTGGAGAAAAAGATGG
GACAGGTGCTACTCATAGCAGTAGCCGTICTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGETGGGGGGAAGCTG
GGGCCCTGATCACAGCTGCAACTTCCACTTTIGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCA
CTTCACTGTGCAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTICTCTAATCTACACAGTAACAAGAAACGCTG
GCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGT
CGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCA
AGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGGTTGGTGGAGCGGGGAT
ACCTGCAGCCCTATGGAAAGGTCATTGATCTITGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCC
GCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCATGTTGGTGCAAAGCTATG
GGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTTITCATATGGCGGCTGAGCCGTGTGACACGTTGCTGT
GTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGG
ATTGGCTTGAAAAAAGACCAGGAGCCTTIITGTGTAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCC
TGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGT
ACTGGGTICTCTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTITGGGGCGCATGG
ACGGGCCCAGGAGGCCAGTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCG
CTGAAGCTCCCAACATGAAGATCATTGGCGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCT
TTGACGAGAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCTACACAAGGGTCAGCGTCCT
CTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGA
CCGACACCACACCGTATGGTCAGCAAAGAGTTTICAAGGAAAAAGTGGACACCAGGGTGCCAGACCCCCAAGAAG
GCACTCGTCAGGTTATGAGCATGGTCTCTITCCTGGTTGTGGAAAGAGCTAGGCAAACACAAACGGCCACGAGTCT
GTACCAAAGAAGAGTTCATCAACAAGGTICGTAGCAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGT
GGAAGACCGCAGTGGAAGCTGTGAACGATCCAAGGTICTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGA
GAGGAGAGTGCCAGAGCTGTGTGTACAACATGATGGGAAAAAGAGAAANGAAACAAGGGGAATTTGGAAAGGCCA
AGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTARAATG
AGGATCACTGGATGGGGCAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCC
TAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCA
GGTTTGATCTGGAGAATGAAGCTTTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTITAGCATTGGCCATAA
TCAAGTACACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTA
TTTCAAGACAAGACCAAAGGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGC
AACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTIGTGGCTGCTGCGGAGGTCAGAGAAAG
TGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGATTGCGTTIGTGA
AGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTICTTIGAATGATATGGCGCGAAAAGTTAGGAAGGACACACAAG
AGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTIGTTCCCACCACTTCAACAAGCTCCATC
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TCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGTGTCTCTCCAG
GGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAGTCATATGCGCAAATGTGGCAGCTCCTTTATTTCC
ACAGAAGGGACCTCCGACTGATGGCCAATGCCATCTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAA
CTACCTGGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTIGTGGTGTGGAACAGAGTGTGGA
TTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATCTGGGARAAAAGGG
AAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCA
ACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTATCCACCCAAGTTCGCTACTTGGGTG
AAGAAGGGTCTACACCTIGGAGTGCTATAAGCACCAATCTTAGTIGTTGTICAGGCCTGCTAGTCAGCCACAGCTTGG
GGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAGGCTGGGAAACCAAGCCCATAGTCAGGCCGAGAACGCCATG
GCACGGAAGAAGCCATGCTIGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAANCCCCACGCGCTTIGGAGGCGC
AGGATGGGAAAAGAAGGCGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTC
CAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGCTGGGAAAGACCAGA
GACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAATAGCGGCGGCCGGTGTGGGGAAATCCA
TGGGTCT

KU681082.3 Zika virus isolate Zika virus/H.sapiens-tc/PHL/2012/CPC-0740, Philippines,
complete genome (SEQ ID NO: 8)

AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTT
TATTTTGGATTTGGAAACGAGAGTTTICTGGTCATGAAAANCCCAAAAANGAANATCCGGAGGATTCCGGATTGTCA
ATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTICTGCTGG
GCCATGGGCCCATCAGGATGGTCTTGGCGATACTAGCCTITTITGAGATTICACGGCAATCAAGCCATCACTGGGTC
TCATCAATAGATGGGGTICAGTGGGGAAAAANAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTG
CCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGCGTCGGAATTGTTGGCC
TCCTCCTGACCACAGCCATGGCAGTAGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAGCG
ATGCTGGGGAGGCCATATCTTTITCCAACCACACTGGGGATGAATAAGTIGTTACATACAAATCATGGATCTTGGAC
ACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGTTIGGATGAGGGGGTAGAACCAGATGACGTCGATTGCT
GGTGCAACACGACATCAACTTGGGTIGTGTATGGAACCTGCCACCACAAAARAGGTGAAGCACGGAGATCTAGAA
GAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAGACCTGGTTGGAATCAAGAGAAT
ACACAAAGCACCTGATTAGAGTTGAAAATTGGATATTCAGGAACCCTGGCTTICGCGTTAGCAGCAGCTGTCATCG
CTTGGCTTTTGGGAAGTTCAACGAGCCAAAAAGTCATATATCTGGTCATGATACTGCTGATTGCCCCGGCATACA
GCATCAGGTGCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGCTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTTACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAG
TCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCGGATATGGCTTCGGACAGCCGCTGCC
CAACACAAGGTGAGGCCTACCTTGACAAGCAGTCAGACACTCAATATGTICTGCAAAAGAACGTTAGTGGACAGAG
GCTGGGGAAATGGATGTGGACTTTTIGGCAAAGGGAGCCTGGTGACATCGCGCTAAGTTITGCATGCTCCAAGAAAN
TGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTIGTCAGTTCATGGCTCCCAGCACAGTG
GGATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAA
GAGCCGAAGCCACCCTGGGEGGEGTTTTIGGGAGCCTAGGACTTGATTIGTGAACCGAGGACAGGCCTTIGACTTITTCAG
ATTTGTATTACCTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTICCACGACATTCCATTACCTT
GGCATGCTGGGGCAGACACTGGAACTCCACATTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATG
CAAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGG
CTGAGATGGATGGAGCCAAGGGAAGGCTGTICCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGAT
TGAAGGGCGTGTCATACTCCTTGTGCACTGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGA
CAGTCACAGTGGAGGTACAGTACGCAGGGACAGATGGACCTTIGCAAGGTTCCAGCTCAGATGGCGGTGGATATGC
AAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCTGTAATCACTGAAAGCACCGAGAACTCTAAGATGA
TGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGCGAGTCGGGGAGAAGAAGATCACCCATCACT
GGCACAGGAGTGGCAGCACCATTGGAAAAGCATTITGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGTCTTIGG
GAGACACAGCCTGGGACTTTGGATCAGTTGGGGGTGCTCTCAACTCATTIGGGCAAGGGCATCCATCAAATTTITIG
GAGCAGCTTTCAAATCATTIGTTCGGAGGAATGTCCTGGTTICTCACAAATTCTCATTGGAACGTTGCTGGTGTGGT
TGGGTCTGAATACAAAGAATGGATCTATTITCCCTTACGTGCTTGGCCTTAGGGGGAGTGTTGATCTTICTTATCCA
CAGCCGTTTCIGCTGATGTGGGGTGCTCGGTGGACTITCTCAAAGAAGGAAACGAGATGCGGTACAGGGGTGTTICG
TCTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCTCGTAGATTGGCAGCAGCAG
TCAAGCAAGCCTGGGAAGATGGGATCTGTGGGATCTCCTCTGTCTCAAGAATGGAAAACATCATGTGGAGATCAG
TAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACC
CCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTGAACGAGCTGCCCCACGGCTGGAAGGCTTIGGGGGAAAT
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CGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTITGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCA
AACATAGAGCATGGAACAGCTTTCTTIGTGGAGGATCATGGGTTTGGGGTATTTCACACTAGTGTCTGGCTCAAGG
TTAGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTCATTGGAACAGCTGCTAAGGGAAAGGAGGCTGTGCACA
GCGATCTAGGCTACTGGATTGAGAGTGAGAAGAACGACACATGGCGAGGCTGAAGAGGGCCCACCTGATCGAGATGA
AAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAGTAGAAGAAAGTGATCTGATCATACCCAAGT
CTTTAGCTGGGCCACTCAGCCATCACAACACCAGAGAGGGCTACAGGACTCAAATGAAAGGGCCATGGCACAGTG
AAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGCGAGGAAACATGTGGGACAAGAGGAC
CATCCCTGAGATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAATGCACAATGCCCCCAC
TGTCGTTCCGAGCTAAAGATGGCTGTTGGTATGCGAATGCGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTAG
TAAGGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTICICTICTTIGGAGTGCTIGTGATITTGCTCA
TGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCCA
TGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTGATGGGTGCCACCTTCGCGGAAATGA
ACACTGGAGGAGATGTAGCTCATTTGGCGCTGATAGCGGCATTCAAAGTCAGACCTGCGTTGCTGGTATCTTTCA
TCTTCAGAGCTAATTGGACACCCCGTGAGAGCATGCTGCTGGCCTTIGGCCTCGTGTCTTICTGCAAACTGCGATCT
CCGCCTTGGAAGGCGACCTGATGGTICTCATCAATGGTTTITGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTG
TTCCACGCACTGACAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGG
CGTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTCATGCTCCTCTICTCTGAAGGGGAAAGGCAGTGTGAAGAAGA
ACCTACCATTTGTCATGGCCTTGGGACTAACTGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGT
TGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGTGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGG
CTGGAGGGTTCGCCAAGGCGGATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACG
TGGTCTCAGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAATCA
CTGGAAACAGTCCCCGGCTCGATGTGGCACTAGATGAGAGTGGTGATTTICTCCCTAGTGGAGGATGATGGTCCAC
CCATGAGAGAGATCATACTCAAAGTGGTCCTGATGACCATCTGCGGCATGAACCCAATAGCCATACCCTTITGCAG
CTGGAGCGTGGTACGTGTATGTGAAGACTGGAAAANGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAG
TAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTTGGTTCAACACAAGTTGGAG
TGGGAGTCATGCAAGAGGGGGTCTTCCACACTATGTGGCACGTCACAARAGGATCCGCGCTGAGAAGCGGTGAAG
GGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGCTGGTCCGTGGAAGCTAGACGCCG
CCTGGGACGGGCACAGCGAGGTGCAGCTCTTIGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGC
CCGGAACATTTAAGACAAAGGATGGGGACATTGGAGCAGTTGCGCTGGACTACCCAGCAGGAACTTCAGGATCTC
CAATCCTAGACAAGTGTGGGAGAGTGATAGGACTICTATGGTAATGGGGTICGTGATAAAAAATGGGAGTTATGTTA
GTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTIGTITGAGTIGCTICGAGCCTTCGATGCTGAAGAAGAAGC
AGCTAACTGTCTTAGACCTGCATCCTGGAGCCGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCA
TAAAAACAAGACTCCGTACTGTIGATCTTAGCTCCAACCAGGGTCGTCGCTGCTGAAATGGAGGAAGCCCTTAGAG
GGCTTCCAGTICGTTATATGACAACAGCAGTCAATGTCACCCATICTGGGACAGAAATCGTTIGACTTAATGTIGCC
ATGCTACCTTCACTTCACGCCTACTACAACCAATCAGAGTCCCCAACTATAATTTGTATATTATGGATGAGGCCC
ACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCA
TCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTCCCGGACTCCAACTCACCAATTATGGACACCGAGG
TGGAAGTCCCAGAGAGAGCCTGGAGCACAGGCTITGATIGGGTGACGGATCATTICTGGGAAAACAGTCTGGTTTG
TTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTIGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCA
GAAAGACTTTTGAGACAGAGTTCCAGAAAACGAAAAATCAAGAGTGGGACTICGTCGTGACAACCGACATTICAG
AGATGGGCGCCAACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCTTAAAGCCGGTCATACTTGATGGCG
AGAGAGTCATTTTGGCTGGACCCATGCCTGTCACACATGCCAGCGCTGCTCAGAGGAGGGGGCGCATAGGCAGGA
ATCCCAACAAACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGATGAAGATCACGCACACTGGC
TTGAAGCAAGAATGCTTCTTGACAACATTTACCTICCAAGATGGCCTCATAGCTTCGCTCTATCGACCTGAGGCCG
ACAAAGTAGCAGCTATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTTTGTGGAACTCATGAAARA
GAGGAGATCTTICCGGTTTGGTTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGGTGCT
TTGATGGCATGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAGATACGGAGAGAAAA
GAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTITIGTTCAGATCATGCGGCCCTGAAGTCATTCAAAGAGTTTG
CCGCTGGGAAAAGAGGAGCGGCCTTTGGAGTGATAGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGAT
TCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGG
CCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTIGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTITTICG
TCTTGATGCGGAACAAGGGCATGGGCGAAGATGGGCTTITGGAATGGTGACTCTTGGGGCCAGCGCATGGCTTATGT
GGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATTGTCGTIGTTICCTATTGCTGGTGGTGCTCATAC
CTGAGCCAGAAAAGCAAAGATCTCCTCAGGACAACCAAATGGCAATCATCATCATGGTAGCAGTGGGTCTTICTGG
GCTTGATTACCGCCAATGAACTCGGATGGTTGGAGAGAACAAAAAGTGACCTAAGCCATCTAATGGGAAGGAGAG
AGGAGGGGGCAACCACAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCTATCTATGCTGCTC
TGACAACTTTCATCACCCCAGCCGTCCAACATGCGGTGACCACTTCATACAACAACTACTCCTITAATGGCGATGG
CCACGCAAGCTIGGGGTIGTIGTTTGGTATGGGCAAAGGGATGCCATTICTACGCATGGGACTTTGGAGTCCCGCTGC
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TAATGATGGGTTGCTACTCACAATTAACACCTCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCGCACTACA
TGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGGGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGA
ACCCTIGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAAAAANAGATGG
GGCAGGTGCTACTCATAGCAGTAGCCGTICTCCAGCGCCATACTGTICGCGGACCGCCTGEGEGEGETGEGGEGAGGC TG
GGGCCCTGATCACAGCTGCAACTTCCACCTTIGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCCACAGCCA
CTTCACTGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTG
GCTTGGTCAAGAGACGCGTGGGGGTGCGCGAACGCGGGCGAGAGACCCTGGCGAGAGAAATGGAAGGCCCGCCTGAACCAGATGT
CGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGTGCCCTCA
AGGACGGTGTGGCAACAGGAGGCCATGCTIGTGTCCCGAGGAAGTGCAAAGCTTAGATGGCTGGTGGAGAGAGGAT
ACCTGCAGCCCTATGGAAAGGTCATTGATCTITGGATGTGGCAGAGGGGGCTGGAGTTACTATGCCGCCACCATCC
GCAAAGTTCAGGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCATGTTGGTGCAAAGCTATG
GGTGGAACATAGTCCGTCTTAAGAGTGGGEGTGGACGTCTITCACATGGCGGCTGAGCCGTGTGACACTTTGCTGT
GTGATATAGGTGAGTCATCATCTAGICCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGG
ATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCC
TGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGGGTGCCACTCTCCCGCAACTCTACACATGAGATGT
ACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGG
ACGGGCCCAGGAGGCCAGTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCG
CTGAAGCTCCCAACATGAAGATCATIGGTAACCGCATTGAGAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCT
TTGACGAGAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCTACACAAGGGTCAGCGTCCT
CTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGA
CTGACACCACACCGTATGGTCAGCAAAGAGTTTTICAAGGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAG
GCACTCGTCAGGTTATGAGCATGGTCTCTTICCTGGTTATGGAAGGAGCTAGGCAAACACAAACGGCCACGAGTCT
GTACCAAAGAAGAGTTCATCAACAAGGTTICGTAGCAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGT
GGAAGACTGCAGTGGAAGCTGTGAATGATCCAAGGTICTGGGCTCTAGTGGACAAGCGAAAGAGAGCATCACCTGA
GAGGAGAGTGTCAGAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCA
AGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTCCTAGAGTTCGAAGCCCTTGGATTICTTGAATG
AGGATCATTGGATGGGGAGAGAGAATTCAGGAGGTGGTGTTGAAGGACTGGGATTACAAAGACTCGGATATGTCC
TAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGATACTGCTGGCTGGGACACCCGCATCAGCA
GGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAA
TCAAGTACACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTA
TTTCAAGACAAGACCAAAGGGGGAGCGGACAAGTTGTCACTTACGCTCTTAATACATTCACCAACCTGGTGGTGC
AGCTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTIGTGGCTGCTGCGGAGGCCAGAGAAAG
TGACCAACTGGTTGCAAAGCAACGGATGGGATAGGCTCAAAAGAATGGCAGTCAGTGGAGATGATTIGCGTTIGTGA
AACCAATTGATGATAGGTTITGCACATGCCCTCAGGTICTTGAATGATATGGGCGAAAAGTTAGGAAGGACACACAAG
AGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCAACAAACTCCATC
TTAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGAGCCCGCGTATCACCAG
GGGCGGGATGGAGCATCCGGGAGACTGCTITGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCC
ACAGAAGGGACCTCCGACTGATGGCCAATGCCATTIGTITCATCTGTGCCAGTTGATTGGGTTICCAACTGGGAGAA
CTACCTGGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTITGTGGTATGGAACAGAGTGTIGGA
TTGAGGAAAACGACCACATGGAAGACAAGACCCCAGTTACAAAATGGACAGACATTCCCTATITGGGARAAAAGAG
AAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGTACTACCTGGGCTGAGAACATCAAAAATACAGTCA
ACATGATGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTATCCACCCAGGTTCGCTACTTGGGTG
AAGAAGGGTCCACACCTGGAGTGCTGTAAGCACCAATCTTAGTGTTIGTCAGGCCTGCTAGTCAGCCACAGCTTGG
GGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATG
GCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAANACCCCACGCGCTTGGAGGCGC
AGGATGGGAAAAGAAGGCGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTC
CAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGCTGGGAAAGACCAGA
GACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAATAGCGGCGGCCGGTGTGGGGAAATCCA
TGGGTCT

KU707826.1 Zika virus isolatc SSABR1, Brazil, complctc gecnome (SEQ ID NO: 9)

GACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTIGGATTTGGAAACGAGAGTTICTG
GTCATGAAAAACCCAAAAAAGARAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTG
AGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTICTGCTGGGTCATGGGCCCATCAGGATGGTICTTIGGCG
ATTCTAGCCTITTTGAGATTICACGGCAATCAAGCCATCACTGGGTICTCATCAATAGATGGGGTTCAGTGGGGAAA
AAAGAGGCTATGGAAATAATAAAGAAGTICAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAG
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GAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAG
GTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACGATGCTGGGGAGGCCATATCTTTTCCAACC
ACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCTTIGGACACATGTGTGATGCCACCATGAGCTATGAA
TGCCCTATGCTGGATGAGGGGGTGGAACCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTIGGGTTIGTG
TACGGAACCTGCCATCACAAAAANAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACT
AGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAAAT
TGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTIGGCTTTTGGGAAGCTCAACGAGCCAA
AAAGTCATATACTTIGGTICATGATACTGCTIGATTIGCCCCGGCATACAGCATCAGGTGCATAGGAGTCAGCAATAGG
GACTTTGTGGAAGGTATGTCAGCGTGGCGACCTGGGTTIGATGTIGTCTTGCGAACATGGAGGTTGTGTCACCGTAATG
GCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTAC
TGCTATGAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAG
CAATCAGACACTCAATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGC
AAAGGGAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAAT
CTGGAGTACCGGATAATGCTGTCAGTITCATGGCTICCCAGCACAGTGGGATGATTGTTAATGACACAGGACATGAA
ACTGATGAGAATAGAGCGAAAGTTGAGATAACGCCCAATTCACCAAGAGCCGAAGCCACCCTGGGGGEGTTTTGGA
AGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTTTCAGATTITGTATTACTTGACTATGAATAACAAG
CACTGGTTGGTITCACAAGGAGTGGTICCACGACATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCA
CACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGG
AGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTG
TCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGCGATAAACTTAGATTGAAGGCGCGTGTCATACTCCTTIGTGTACT
GCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGG
ACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCTGACCCCAGTIGGGAGGTTIGATA
ACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATTTGGGGAC
TCTTACATTGTCATAGGAGTCGGGGAGAAGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAA
GCATTTGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTT
GGAGGCGCTCTCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTIGTTTGGAGGA
ATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATGGATCTATT
TCCCTTATGTIGCTIGGCCTTAGGGGGAGTGTTGATCTTICTTATCCACAGCCGTCTCTGCTGATGTGGGGTGCTCG
GTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCTATAACGACGTTGAAGCCTGGAGGGAC
AGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGC
GGGATCTCCTICTIGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAA
GAGAATGGAGTITCAACTGACGGTCGTTGTGGGATCTGTAAAAANACCCCATGTGGAGAGGTCCACAGAGATTGCCC
GTGCCTGTGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTICGTCAGAGCAGCAAAGACAAAT
AACAGCTTTGTICGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTICTTIGTG
GAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATTATTCATTAGAGTGTGAT
CCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAGTGATCTAGGCTACTGGATTGAGAGTGAG
AAGAATGACACATGGAGGCTGAAGAGGGCCCATCTGATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACA
TTGTIGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCAAGTCTITITAGCTGGGCCACTCAGCCATCACAAT
ACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTICGGTTTGAGGAATGC
CCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAGCGGA
AGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTICGTTCCGGGCTAAAGATGGCTGTTGG
TATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGGTCAATGGTGACTGCAGGATCAACT
GATCACATGGACCACTTICTCCCTTGGAGTGCTTGTGATTICTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATG
ACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGAC
CTGGCTAAGCTTGCAATTTITGATGGGCGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCG
CTGATAGCGGCATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAA
AGCATGCTGCTGGCCTTGGCCTCGTGTCTITTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTICTC
ATCAATGGTTTTGCTTITGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGATAACATCACCTTIGGCA
ATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGGAGAGCAGGCCTTGCTACTTGCGGG
GGGTTTATGCTICCTCTCTCTGAAGGCGAAAAGGCAGTGTGAAGAAGAACTTACCATTTGTCATGGCCCTGGGACTA
ACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGG
CCCCCTAGCGAAGTACTCACAGCTGTITGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAG
ATGGCTGGGCCCATGGCCGCGGETCGGTCTGCTAATTGTCAGTITACGTGGTCTCAGGAAAGAGTGTGGACATGTAC
ATTGAAAGAGCAGGTGACATCACATGGCGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGATGTGGCG
CTAGATGAGAGTGGTGATTTCTCCCTGGCGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAGGTGGTC
CTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTITTIGCAGCTGGAGCGTGGTACGTATACGTGAAGACT
GGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAGTAAAAMAGGGGCGAGACCACAGATGGAGTG
TACAGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTIGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCAC
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ACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTC
AAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCAGCTC
TTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGACAAAGGATGGGGAC
ATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTICAGGATCTCCAATCCTAGACAAGTGTGGGAGAGTGATA
GGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAA
GAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGA
GCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTA
GCTCCAACCAGGGTTIGTICGCTGCTGAAATGGAGGAGGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCA
GTCAATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTICTACTACAG
CCAATCAGAGTICCCCAACTATAATCIGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCA
AGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTTCATGACCGCCACGCCACCAGGAACC
CGTGACGCATTITCCGGACTCCAACTCACCAATTATGGACACCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCA
GGCTTTGATTGGGTGACGGATCATTCTGGAAAAACAGTTTIGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATC
GCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAA
ACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGT
GTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGACCCATGCCT
GTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTATCTG
TATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAATATT
TACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTC
AAGCTTAGGACGGAGCAAAGGAAGACCTITGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTAT
CAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGGTGCTTITGATGGCACGACCAACAACACCATAATG
GAAGACAGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCC
AGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTITGCCGCTGGGAAAAGAGGAGCGGCTTTTIGGA
GTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGGAAGCCATTGACAACCTCGCTGTG
CTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCCCAATTGCCGGAGACCCTAGAGACCATT
ATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTCTTCGTCTTGATGAGGAACAAGGGCATAGGGAAG
ATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATT
GCATGTGTCCICATTIGTTIGTGTTTCTATIGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAG
GACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTICTGGGCTTGATTACCGCCAATGAACTCGGATGG
TTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATAGGATTICTCAATG
GACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAACTTTCATTACCCCAGCCGTCCAA
CATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGAGTGTTIGTTTIGGTATG
GGCAAAGGGATGCCATTICTACGCATGGGACTTTGGAGTCCCGCTGCTAATGATAGGTTIGCTACTCACAATTAACA
CCCCTGACCCTAATAGTGGCCATCATTTIGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCA
GCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACT
GACATTGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGCCGTC
TCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGEGECAGGCTGGGGCCCTGATCACAGCCGCAACTTCCACT
TTGTIGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTICTACAGCCACTICACTGTIGTAACATITTTAGGGGAAGT
TACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACA
GGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTITGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAG
TCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAGCGACGGCGTGTGGCAACGGGAGGCCATGCT
GTGTCCCGAGGAAGTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGAT
CTTGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGCTTCAAGAAGTGAAAGGATACACA
AANAGGAGGCCCTGGTCATGAAGAACCCGTIGTITGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGG
GTGGACGTCTITCATATGGCGGCTGAGCCGTGTGACACGTITGCTGTGTGACATAGGTGAGTCATCATCTAGTCCT
GAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGGATTIGGCTTGAAAAAAGACCAGGAGCCTTT
TGTATAAAGGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGA
GGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTATTIGGGTCTCTGGAGCGAAAAGCAACACC
ATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGAG
GAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCATTGGT
AACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGG
GCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTG
TCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGA
GTTTTCAAGGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCT
TCCTGGTTGTGGAAAGAGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTT
CGTAGCAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAACGAT
CCAAGGTTCTGGGCTCTAGTGGATAAGCGAAAGAGAGCACCACCTGAGAGGAGAGTGCCAGAGTTGTIGTIGTACAAC
ATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTIGGAAAGGCCAAGGGCAGCCGCGCCATCTGGTATATGTGG
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CTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATCACTGGATGGGGAGAGAGAACTCA
GGAGGTGGTGTITGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAGAGATGAGTCGTATACCAGGAGGA
AGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATC
ACCAACCAAATGGAAAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGTA
AAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTICGAGACAAGACCAAAGGGGGAGCGGA
CAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAA
GTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAACTGCGTTGCAGAGCAACGGATGG
GATAGGCTCAAACGAATGGCAGTCAGTGGAGATGATTGCGTTGTGAAGCCAATTGATGATAGGTTITGCACATGCC
CTCAGGTTCTTGAATGATATGGCGAAAAGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAAC
TGGGAAGAAGTTCCGTITTITGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTIGGTTCCC
TGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGEGATGGAGCATCCGGGAGACTGCT
TGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCGACTGATGGCCAAT
GCCATTTGTTCATCTIGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCAATCCATGGAAAGGGAGAA
TGGATGACCACTGAAGACATGCTTGTGGTIGTGGAACAGAGTGTGGATTGAGGAGAACGACCACATGGAAGACAAG
ACCCCAGTTACGAAATGGACAGACATCCCCTATTTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGG
CACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAACATGGCGTGCGCAGGATCATAGGTGATGAA
GAAAAGTACATGGACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAA
GCACCAGTCTTAATGTTGTCAGGCCTIGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCA
GGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGC
CCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCC
CCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAG

KU744693.1 Zika virus isolate VE_Ganxian, China, complete genome (SEQ ID NO: 10)

GTTGTTACTGITGCTGACTCAGACTGCGACAGTTICGAGTITGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTT
ATTTIGGATTTGGAAACGAGAGTTTICTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAAT
ATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGT
CATGGGCCCATCAGGATGGTCTTGGCAATTCTAGCCTTTTITGAGATTCACGGCAATCAAGCCATCACTGGGTICTC
ATCAATAGATGGGGTTCAGTGGGGAAAAAAGATGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCC
ATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTC
CTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTIGGACAGAAACGAT
GCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCTTGGACAC
ATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGATGACGTCGATTGTTGG
TGCAACACGACGTCAACTTGGGTTIGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCTAGAAGA
GCTGTGACGCTCCCTTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATAC
ACAAAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCT
TGGCTTTTGGGAAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGC
ATCAGGTGCATAGGAGTCAGCAATAGGGACTTTIGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTG
GAACATGGAGGTTIGTIGTCACCGCAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTC
AGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCA
ACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTTITGCAAAAGAACGTTAGTGGACAGAGGC
TGGGGAAATGGATGTGGCGACTTTTTGGCAAAGGGAGTCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATG
ACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGG
ATGCTCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGA
GCCGAAGCCACCCTGGGGGGTTTTGCGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTITTCAGAT
TTGTATTACTTGACTATGAATAACAAGCACTGGTTGGCTCACAAGGAGTGGTTCCACGACATTICCATTACCTTGG
CACGCTGGGGCAGCCACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCC
AAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCT
GAGATGGATGGTGCAAAGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTG
AAGGGCGTGTCATACTCCTTGTGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACAGTGGACGGGACA
GTCACAGTGGAGGGACAGTACGGAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAG
ACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGATGATG
CTGGAACTTGATCCACCATTTGGGGACTCTTACATTIGTCATAGGAGTCGGGGCAGAAGAAGATCACCCACCACTGG
CACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGTCTTGGGA
GACACAGCCTGGGACTTITGGATCAGTITGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCCATCAAATTATTGGA
GCAGCTTTCAAATCATTIGITTGGAGGCGAATGTCCTIGGTITCTCACAAATTCTCATTGGGACGTTIGCTGATGTGGT TG
GGTCTGAACACAAAGAATGGATCTATTITCCCTTATGTIGCTTGGCCTTAGGGGGAGTGTTIGATCTICTTATCCACA

27

508



10

15

20

25

30

35

40

45

50

55

PATO18/EP/PR

GCCGTCTCAGGTGGTGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTC
TATAACGATGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTC
AAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTICTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTA
GAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCC
ATGTGGAGAGGTCCACAGAGATTGCCCGTIGCCTGTGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCG
TACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAA
CATAGAGCATGGAACAGCTTTCTTGTGCGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTT
AGAGAAGACTATTGGTTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAGT
GATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGTGGCTGAAGAGGGCCCATCTGATCGAGATGAAR
ACATGTGAATGGCCAAAGTCCCACACATIGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCAAGTCT
TTAGCTGGGCCACTCAGCCATCACAATGCCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAA
GAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCA
TCTCTGAGATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTCCAGGGAGTGCACAATGCCCCCACTG
TCCTTCCAGGCTAAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTA
AGGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTICTCCCTTGGAGTGCTTGTGATTCTGCTCATG
GTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATG
ATCCTGGGAGGATTTTCAATGAGTGACCTIGGCTAAGCTTGCAATTTTGATGGGTGCCACCTTCGCGGAAATGAAC
ACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTICATC
TTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTIGTCTTTTGCAAACTGCGATCTCC
GCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTT
CCACGCACTGATAACATCACCTTAGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTIGTGGCG
TGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAAC
TTACCATTTIGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTG
CTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCT
GGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTG
GTCTCAGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACT
GGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCC
ATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTITGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAGTA
AAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGCAGACTGCTAGGTTCAACACAAGTIGGAGTG
GGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGAAGCGGTGAAGGG
AGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCC
TGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCC
GGAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCACTGGATTACCCAGCAGGAACTTCAGGATCTCCA
ATCCTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGT
GCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAG
CTAACTGTICTTIAGACTTIGCATCCTGCGAGCTGGGAAANACCAGCGAGAGTTICTTCCTGAAATAGTCCGTGAAGCCATA
AAAACAAGACTCCGTACTGTGATCTTIGGCTCCAACCAGGGTTIGTCGCTIGCTGAAATGGAGGAGGCCCTTAGAGGG
CTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCAT
GCCACCTTCACTTCACGTICTACTACAGCCAATTAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCAC
TTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGCGTTCGAGATGGGCGAGGCGGCTGCCATC
TTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCGAAGTG
GAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGAGTATICTGGAAAAACAGTTITGGTTTIGTT
CCACGCGTGAGGAACGGCAATGAGATCGCAGCTTIGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGA
AAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAG
ATGGGCGCCAACTTTAAAGCTGACCGTGTCATAGATTICCAGGAGATGCCTAAAGCCGGTCATACTTGGTGGCGAG
AGAGTCATTCTGGCTGGACCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAAT
CCCAACAAACCTGGAGATGAGTATCIGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTT
GAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGAC
AAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTTTGTGGAACTCATGAAAAGA
GGAGATCTTICCTIGTTTIGGCTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGGTGCTTT
GATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAARAGA
GTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCC
GCTGGGAAAAGAGGAGCGGCTTTTGCGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTC
CAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCC
CAATTGCCGGAGACCCTAGAGACCATTATGCTTITGGGGTITGCTGGGAACAGTCTCGCTGGGAATCTTITTTCGTC
TTGATGAGGAACAAGGGCATAGGCGAAGATGGGCTTTGCGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGCTGG
CTCTCGGAAATTGAGCCAGCCAGAATTGCATGTIGTCCTCATTIGTIGTIGITCCTATTGCTGGTGGTGCTCATACCT
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GAGCCAGAAAAGCAAAGATCTCCCCAGGACAACCAAATGGCCATCATCATCATGGTAGCAGTAGGTCTTCTGGGC
TTGATTACCGCCAATGAACTCGGATGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAG
GAGGGGGCAACCATGGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATCCTGCCTTG
ACATCTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGATGGCC
ACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTIGGAGTCCCGCTGCTA
ATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCGCACTACATG
TACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGAAC
CCTGTTGTGGAGGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAARAAGATGGGA
CAGGTGCTACTCATGGCAGTAGCCGTICTCCAGCGCCATACTGTCGAGGACCGCCCTGGGEGGTGGGGGGAGGCTGGE
GCCCTGATCACAGCCGCAACTTCCACTTIGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACC
TCACTGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGC
TTGGTCAAGAGACGTGGGGGTGGAACAGGCGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCG
GCCCTGGAGTTICTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAG
GACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATAC
CTGCAGCCCTATGGAAAGGTCATTGATCTITGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGC
AAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGG
TGGAACATAGTICCGTICTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTIGCTGTGT
GACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGGAT
TGGCTTGAAAAAAGACCAGGAGCCTTITTGTATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGARAACCCTG
GAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTAC
TGGGTICICTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGAC
GGGCCTAGGAGGCCAGTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTIGTGGTAAGCTGCGCT
GAAGCTCCCAACATGAAGATCATTGGTAACCGCATTGAAAGGATCCGCGCTGAGAAAGCGGAAACGTGGTTICTTT
GACGAGAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGATGCCGCCACACAAGGGTCAGCGTCCTCT
CTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACC
GACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAGGC
ACTCGTCAGGTTATGAGCATGGTICTCTTICCTGGTTGTGGAAAGAGCTAGGCAAACACAAACGGCCACGAGTCTGT
ACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAANGAGTGG
AAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGA
GGAGAGTGCCAGAGTTIGTIGTGTACATCACAATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTICTAGAGTTCCGAAGCCCTIGGATTCTTIGAACGAG
GATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTA
GAAGAGATGAGTCGCATACCAGGAGGCGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGG
TTTGATCTGGAGAATGAAGCTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTIGGCATTGGCCATAATC
AAGTACACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCAGCTGAARAAAAGGGAAGACAGTTATGGACATTATT
TCGAGACAAGACCAAAGGGGGAGCGGACAAGTTGTCACTTACGCTCTCAACACATTTACCAACCTAGTGGTGCAA
CTCATTCGGAATATGGAGGCTGAGGAAGTTICTAGAGATGCAAGACTTIGTIGGCTGCTGCGGAGGTCAGAGAAAGTG
ACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCGGTCAGTGGAGATGATTGCGTTGTGAAA
CCAATTGATGATAGGTTTIGCACATGCCCTCAGGTITCTTGAATGATATGGCGGAAAAGTTAGGAAGGACACACAAGAG
TGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCCTTICTGCTCCCACCACTTCAACAAGCTCCATCTC
AAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGG
GCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCAC
AGAAGGGACCTCCGACTGATGGCCAATGCCATTIGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACT
ACCTGGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTIGTGGCGTGGAACAGAGTGTGGATT
GAGGAGAACGACCACATGGAAGACAAGACCCCAGTCACGAAATGGACAGACATTCCCTATTTIGGGAAAAAGGGAA
GACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAAC
ATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTATCCACCCAAGTTCGCTACTIGGGTGAA
GAAGGGTCTACACCTGGAGTGCTGTAAGCACCAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTIGGGG
AAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGC
ACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAG
GATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTCCA
GAAGAGGGACTAGTGGTTAGAGGAGA

L.C002520.1 Zika virus genomic RNA, strain; MR766-NIID, Uganda, complete genome
(SEQID NO: 11)
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AGTTGTTGATCTGTGTGAGTCAGACTGCGACAGTTCGAGTCTGAAGCGAGAGCTAACAACAGTATCAACAGGTTT
AATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAGAAGAAATCCGGAGGATTCCGGATTGTCAA
TATGCTAAAACGCGGAGTAGCCCGTGTAAACCCCTTGGGAGGTTTGAAGAGGTTGCCAGCCGGACTICTGCTGGG
TCATGGACCCATCAGAATGGTTITTGGCGATACTAGCCTTTTTIGAGATTITACAGCAATCAAGCCATCACTGGGCCT
TATCAACAGATGGGGTTCCGTGGGGAAAAAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTTGCTGC
CATGTTGAGAATAATCAATGCTAGGAAAGAGAGGAAGAGACGTGGCGCAGACACCAGCATCGGAATCATTGGCCT
CCTGCTGACTACAGCCATGGCAGCAGAGATCACTAGACGCGGGAGTGCATACTACATGTACTTGGATAGGAGCGA
TGCCGGGAAGGCCATTTCGTTTGCTACCACATTIGGGAGTGAACAAGTGCCACGTACAGATCATGGACCTCGGGCA
CATGTGTGACGCCACCATGAGTTATCGAGTGCCCTATGCTGCGATGAGGGAGTGCCGAACCAGATGATGTCGATTGCTG
GTGCAACACGACATCAACTTGGGTTGTGTACGGAACCTGTCATCACARAANAGGTGAGGCACGGCGATCTAGAAG
AGCCGTGACGCTCCCTTCTCACTCTACAAGGAAGTTGCAAACGCGGTCGCAGACCTGGTTAGAATCAAGAGAATA
CACGAAGCACTITGATCAAGGTTGAAAACTGGATATTICAGGAACCCCGGGEGTTTGCGCTAGTGGCCGTTGCCATTGC
CTGGCTTTTGGGAAGCTCGACGAGCCAAAAAGTCATATACTIGGTCATGATACTGCTGATTGCCCCGGCATACAG
TATCAGGTGCATTGGAGTCAGCAATAGAGACTTICGTGGAGGGCATGTCAGGTGGGACCTGGGTITGATGTITGTICTT
GGAACATGGAGGCTGCGTTACCGTGATGGCACAGGACAAGCCAACAGTTIGACATAGAGTTGGTCACGACGACGGT
TAGTAACATGGCCGAGGTAAGATCCTATTGCTACGAGGCATCGATATCGGACATGGCTTCGGACAGTCGTTGCCC
AACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTICTGCAAAAGAACATTAGTGGACAGAGG
TTGGGGAAACGGTTIGTIGGACTTTTTGGCAAAGGGAGCTTGGTGACATGTGCCAAGTTTACGTGTICTAAGAAGAT
GACCGGGAAGAGCATTCAACCGGAAAATCTGGAGTATCGGATAATGCTATCAGTGCATGGCTCCCAGCATAGC GG
GATGACTGTCAATGATATAGGATATGAAACTGACGAAAATAGAGCGAAAGTCGAGGTTACGCCTAATTCACCAAG
AGCGGAAGCAACCTTGGGAGGCTTITGGAAGCTTAGGACTTGACTGTGAACCAAGGACAGGCCTTGACTTTTICAGA
TCTGTATTACCTGACCATGAACAATAAGCATTGGTTGGTGCACAAAGAGTGGTTICATGACATCCCATTIGCCTTG
GCATGCTGGGGCAGACACTGGAACTCCACACTGGAACAACAAAGAGGCATTGGTAGAATTICAAGGATGCCCACGC
CAAGAGGCAAACCGTCGTCGTTCTGGCGGGCGAGCCAGGAAGGAGCCGTTCACACGGCTCTCGCTGGAGCTCTAGAGGC
TGAGATGGATGGTGCAAAGGGAAAGCTGTTCTCTGGCCATTTGAAATGCCGCCTAAAAATGGACAAGCTTAGATT
GAAGGGCGTGTICATATTCCTTGTGCACTGCGGCATTCACATTCACCAAGGTCCCAGCTGAAACACTGCATGGAAC
AGTCACAGTGGAGGTGCAGTATGCAGGGACAGATGGACCCTGCAAGATCCCAGTCCAGATGGCGGTGGACATGCA
GACCCTGACCCCAGTTGGAAGGCTGATAACCGCCAACCCCGTGATTACTGAAAGCACTGAGAACTCAAAGATGAT
GTTGGAGCTTGACCCACCATTTGGGGATICTTACATIGTCATAGGAGTTGGGGACAAGAAAATCACCCACCACTG
GCATAGGAGTGGTAGCACCATCGGAAAGGCATTIGAGGCCACTGTGAGAGGCGCCAAGAGAATGGCAGTCCTIGGG
GGATACAGCCTGGGACTTICGGATCAGTCGGGGGIGTGTTCAACTCACTGGGTAAGGGCATTCACCAGATTTTITGG
AGCAGCCTTCAAATCACTGTTTGGAGGAATGTCCTGGTTCTCACAGATCCTCATAGGCACGCTGCTAGTGTGGTT
AGGTTTGAACACAAAGAATGGATCTATCTICCCTICACATGCTTIGGCCCTIGGGGGGAGTGATGATCTTCCTCTCCAC
GGCTGTTTCTGCTGACGTGGGGTGCTCAGTGGACTTICTCAAAAAAGGAAACGAGATGTGGCACGGGGGTATTICAT
CTATAATGATGTTGAAGCCTGGAGGGACCGGTACAAGTACCATCCTGACTCCCCCCGCAGATTGGCAGCAGCAGT
CAAGCAGGCCTGGGAAGAGGGGATCTGTGGGATCTCATCCGTTTCAAGAATGGAAAACATCATGTGGAAATCAGT
AGAAGGGGAGCTCAATGCTATCCTAGAGGAGAATGGAGTTCAACTGACAGTIGTTIGTGGGATCTGTAAAAANACCC
CATGTGGAGAGGTCCACAAAGATTGCCAGTGCCTGTGAATGAGCTGCCCCATGGCTGGAAAGCCTGGGGGAAATC
GTATTTTGTTAGGGCGGCAAAGACCAACAACAGTITITIGTIGTICGACGGTGACACACTGAAGGAATGTCCGCTTGA
GCACAGAGCATGGAATAGTTTTICTTGCTGGAGGATCACGGGTTITGGAGTCTTCCACACCAGTGTCTGGCTTAAGGT
CAGAGAAGATTACTCATTAGAATGTGACCCAGCCGTCATAGCGAACAGCTGTTAAGGCGAAGGGAGGCCGCGCACAG
TGATCTGGGCTATTGGATTGAAAGTGAAAAGAATGACACATGGAGGCTGAAGAGGGCCCACCTGATTGAGATGAA
AACATGTGAATGGCCAAAGTCTCACACATTIGTGGACAGATGGAGTAGAAGAAAGTGATCTTATCATACCCAAGTC
TTTAGCTGGTCCACTCAGCCACCACAACACCAGAGAGGGTTACAGAACCCAAGTGAAAGGGCCATGGCACAGTGA
AGAGCTTGAAATCCGGTTTGAGGAATGTCCAGGCACCAAGGTTTACGTGGAGGAGACATGCGGAACTAGAGGACC
ATCTCTGAGATCAACTACTGCAAGTGGAAGGGTCATTGAGGAATGGTGCTGTAGGGAATGCACAATGCCCCCACT
ATCGTTTCGAGCAAAAGACGGCTGCTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAGAGCAACTTAGT
GAGGTCAATGGTGACAGCGGGGTCAACCGATCATATGGACCACTICTICICTIGGAGTGCTITGTGATTICTACTCAT
GGTGCAGGAGGGGTTGAAGAAGAGAATGACCACAAAGATCATCATGAGCACATCAATGGCAGTGCTGGTAGTCAT
GATCTTGGGAGGATTTTCAATGAGTGACCTGGCCAAGCTTIGTGATCCTGATGGGTGCTACTTTCGCAGAAATGAA
CACTGGAGGAGATGTAGCTCACTTGGCATTGGTAGCGGCATTTAAAGTCAGACCAGCCTTGCTGGTCTCCTTICAT
TTTCAGAGCCAATTGGACACCCCGTGAGAGCATGCTGCTAGCCCTGGCTTCGTGICTTCTGCAAACTGCGATCTC
TGCTCTTGAAGGTGACTTGATGGTCCTCATTAATGGATTTGCTTITGGCCTGGTTGGCAATTCGAGCAATGGCCGET
GCCACGCACTGACAACATCGCTCTACCAATCTTIGGCTGCTCTAACACCACTAGCTCGAGGCACACTGCTCGTGGC
ATGGAGAGCGGGCCTGGCTACTTGTGGAGGGATCATGCTCCTCTCCCTGAAAGGGAAAGGTAGTGTGAAGAAGAA
CCTGCCATTTGTCATGGCCCTGGGATTGACAGCTIGTGAGGGTAGTAGACCCTATTAATGTIGGTAGGACTACTGTT
ACTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGTGAAGTTCTCACAGCCGTIGGCCTGATATGTGCACTGGC
CGGAGGGTTTGCCAAGGCAGACATTGCGAGATGGCTGGACCCATGGCTGCAGTAGGCTTGCTAATTGTCAGCTATGT

30

511



10

15

20

25

30

35

40

45

50

55

PATO18/EP/PR

GGTCTCGGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGGTGACATCACATGGGAAAAGGACGCGGAAGTCAC
TGGAAACAGTCCTCGGCTTGACGTGGCACTGGATGAGAGTGGTGATTTCTCCTTGGTAGAGGAAGATGGTCCACC
CATGAGAGAGATCATACTTAAGGTGGTCCTGATGGCCATCTGTGGCATGAACCCAATAGCTATACCTTITTGCTGC
AGGAGCGTGGTATGTGTATGTGAAGACTGGGAAAAGGAGTGGCGCCCTICTGGGACGTGCCTGCTCCCAAAGAAGT
GAAGAAAGGAGAGACCACAGATGGAGTGTACAGAGTGATGACTCGCAGACTGCTAGGTTCAACACAGGTTGGAGT
GGGAGTCATGCAAGAGGGAGTCTTCCACACCATGTGGCACGTTACAAAAGGAGCCGCACTGAGGAGCGGTGAGGG
AAGACTTGATCCATACTGGGGGGATGTCAAGCAGGACTTGGTGTCATACTGTGGGCCTTGGAAGTTGGATGCAGC
TTGGGATGGACTCAGCGAGGTACAGCTTTTGGCCGTACCTCCCGGAGAGAGGGCCAGAAACATTCAGACCCTGCC
TGGAATATTCAAGACAAAGGACGCGGCGACATCGGAGCAGTTGCTCTGGACTACCCTGCAGGGACCTCAGGATCTCC
GATCCTAGACAAATGTGGAAGAGTGATAGGACTCTATGGCAATGGGGTTIGTGATCAAGAATGGAAGCTATGTTAG
TGCTATAACCCAGGGAAAGAGGGAGGAGGAGACTCCGGTTGAATGTTTCGAACCCTCGATGCTGAAGAAGAAGCA
GCTAACTGTICITGGATCTGCATCCAGGAGCCGGAAAAACCAGGAGAGTICTTICCTGAAATAGTCCGTGAAGCCAT
AAAAARAGAGACTCCGGACAGTGATCTTGGCACCAACTAGGGTTGTCGCTGCTGAGATGGAGGAGGCCTTGAGAGG
ACTTCCGGTGCGTTACATGACAACAGCAGTCAACGTCACCCATTICTIGGGACAGAAATCGTTGATTTIGATGTGCCA
TGCCACTTTCACTTCACGCTTACTACAACCCATCAGAGTCCCTAATTACAATCTCTACATCATGGATGAAGCCCA
CTTCACAGACCCCTCAAGTATAGCTGCAAGAGGATATATATCAACAAGGGTTGAAATGGGCGAGGCGGCTGCCAT
TTTTATGACTGCCACACCACCAGGAACCCGTGATGCGTTTCCTGACTCTAACTCACCAATCATGGACACAGAAGT
GGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTIGATTGGGTGACAGACCATTICTGGGAAAACAGTTTIGGTTICGT
TCCAAGCGTGAGAAACGGAAATGAAATCGCAGCCTGTCTGACAAAGGCTGGAAAGCGGGTCATACAGCTCAGCAG
GAAGACTTTTGAGACAGAATTTCAGAAAACAAAAAATCAAGAGTGGGACTTTGTCATAACAACTGACATCTCAGA
GATGGGCGCCAACTTCAAGGCTGACCGGGTCATAGACTCTAGGAGATGCCTAAAACCAGTCATACTTIGATGGTGA
GAGAGTCATCTTGGCTGGGCCCATGCCTGTCACGCATGCTAGTGCTGCTCAGAGGAGAGGACGTATAGGCAGGAA
CCCTAACAAACCTGGAGATGAGTACATGTATGGAGGTGGGTGTGCAGAGACTGATGAAGGCCATGCACACTGGCT
TGAAGCAAGAATGCTTCTTGACAACATCTACCTCCAGGATGGCCTCATAGCCTCGCTCTATCGGCCTGAGGCCGA
TAAGGTAGCCGCCATTGAGGGAGAGTTTAAGCTGCGAGGACAGAGCAAAGGCGAAGACCTTCGTGGAACTCATGAAGAG
AGGAGACCTTCCCGTCTGGCTAGCCTATCAGGTTGCATCTGCCGGAATAACTTACACAGACAGAAGATGGTGCTT
TGATGGCACAACCAACAACACCATAATGGAAGACAGCGTACCAGCAGAGGTGCTGGACAAAGTATGGAGAGAAGAG
AGTGCTCAAACCGAGATGGATGGATGCTAGGGTCTGTTCAGACCATGCGGCCCTGAAGTCGTTCAAAGAATTICGC
CGCTGGAAAAAGAGGAGCGGCTTTGGGAGTAATGGAGGCCCTGGGAACACTGCCAGGACACATGACAGAGAGGTT
TCAGGAAGCCATTGACAACCTCGCCGTGCTCATGCGAGCAGAGACTGGAAGCAGGCCTTATAAGGCAGCGGCAGC
CCAACTGCCGGAGACCCTAGAGACCATTATGCTCTTAGGTTTIGCTGGGAACAGTTTCACTGGGGATCTTCTTICGT
CTTGATGCGGAATAAGGGCATCGGGAAGATGGGCTTTGGAATGGTAACCCTTGGGGCCAGTGCATGGCTCATGTG
GCTITTCGGAAATTGAACCAGCCAGAATTGCATGTIGTICCTCATTIGTITIGIGTITTITITATTACTGGTGGTGCTCATACC
CGAGCCAGAGAAGCAAAGATCTCCCCAAGATAACCAGATGGCAATTATCATCATGGTGGCAGTGGGCCTTCTAGG
TTTGATAACTGCAAACGAACTTGGATGGCTGGAAAGAACAAAAAATGACATAGCTCATCTAATGGGAAGGAGAGA
AGAAGGAGCAACCATGGGATTCTCAATGGACATTGATCTGCGGCCAGCCTCCGCCTGGGCTATCTATGCCGCATT
GACAACTCTCATCACCCCAGCTGTCCAACATGCGGTAACCACTTCATACAACAACTACTCCTTAATGGCGATGGC
CACACAAGCTGGAGTGCTIGTTTGGCATGGGCAAAGGGATGCCATTITTATGCATGGGACCTTGGAGTCCCGCTGCT
AATGATGGGTTGCTATTCACAATTAACACCCCTGACTCTGATAGTAGCTATCATICTGCTTGTIGGCGCACTACAT
GTACTTGATCCCAGGCCTACAAGCGGCAGCAGCGCGTGCTGCCCAGAARAAGGCGACAGCAGCTGGCATCATGAAGARA
TCCCGTTGTGGATGGAATAGTGGTAACTGACATTIGACACAATGACAATAGACCCCCAGGTGGAGAAGAAGATGGG
ACAAGTGTTACTCATAGCAGTAGCCATCTCCAGTGCTGTGCTGCTGCGGACCGCCTGGGGATGGGGGGAGGCTGG
AGCTCTGATCACAGCAGCGACCTCCACCTTGTGGGAAGGCTCTCCAAACAAATACTGGAACTCCTCTACAGCCAC
CTCACTGTGCAACATCTTCAGAGGAAGCTATCTGGCAGGAGCTTICCCTTATCTATACAGTGACGAGAAACGCTGG
CCTGGTTAAGAGACGTGGAGGTGGGACGGGAGAGACTCTGGGAGAGAAGTGGAAAGCTCGTCTGAATCAGATGTC
GGCCCTGGAGTTCTACTCTTATAAAAAGTCAGGTATCACTGAAGTGTGTAGAGAGGAGGCTCGCCGTGCCCTCAA
GGATGGAGTGGCCACAGGAGGACATGCCGTATCCCGGGGAAGTGCAAAGCTCAGATGGETTGGTGGAGAGAGGATA
TCTGCAGCCCTATGGGAAGGTTGTTGACCTCGGATGTGGCAGAGGGGGCTGGAGCTATTATGCCGCCACCATCCG
CAAAGTGCAGGAGGTGAGAGGATACACAAAGGGAGGTCCCGGTCATGAAGAACCCATGCTGGTGCAAAGCTATGG
GTGGAACATAGTTCGTCTCAAGAGTGGAGTGGACGTCTTCCACATGGCGGCTGAGCCGTGTGACACTCTGCTGTG
TGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAGACACGAACACTCAGAGTGCTICTICTATGGTGGGGGA
CTGGCTTGAAAAAAGACCAGGGGCCTITCTGTATAAAGGTGCTGTGCCCATACACCAGCACTATGATGGAAACCAT
GGAGCGACTGCAACGTAGGCATGGCGGGEGAGGATTAGTCAGAGTGCCATTGTCTCGCAACTCCACACATGAGATGTA
CTGGGTCTCTGGGGCAAAGAGCAACATCATAAAAAGTGTGTCCACCACAAGTCAGCTCCTCCTGGGACGCATGGA
TGGCCCCAGGAGGCCAGTGAAATATGAGGAGGATGTGAACCTCGGCTCGGGTACACGAGCTGTGGCAAGCTGTGC
TGAGGCTCCTAACATGAAAATCATCGGCAGGCGCATTGAGAGAATCCGCAATGAACATGCAGAAACATGGTTTICT
TGATGAAAACCACCCATACAGGACATGGGCCTACCATGGGCAGCTACGAAGCCCCCACGCAAGGATCAGCGTCTTC
CCTCGTGAACGGGGTTIGTTAGACTCCTGTCAAAGCCTTGGGACGTGGTGACTGGAGTTACAGGAATAGCCATGAC
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TGACACCACACCATACGGCCAACAAAGAGTCTTCAAAGAAAAAGTGGACACCAGGGTGCCAGATCCCCAAGAAGG
CACTCGCCAGGTAATGAACATAGTCICTICCTGGCTGTGGAAGGAGCTGGGGAAACGCAAGCGGCCACGCGTCTG
CACCAAAGAAGAGTTTATCAACAAGGCGTGCGCAGCAATGCAGCACTGGGAGCAATATTTGAAGAGGAAAAAGAATG
GAAGACGGCTGTGGAAGCTGTGAATGATCCAAGGTTITGGGCCCTAGTGGATAGGGAGAGAGAACACCACCTGAG
AGGAGAGTGTCACAGCTGTIGTGTACAACATGATGGGAAAAAGAGAAAAGAAGCAAGGAGAGTICGGGAAAGCAAA
AGGTAGCCGCGCCATCTGGTACATGTGGTTGGGAGCCAGATTCTTGGAGTTTGAAGCCCTTGGATTCTTGAACGA
GGACCATTGGATGGGAAGAGAAAACTCAGGCGAGGTGGAGTCGAAGGGTTAGGATTGCAAAGACTTGGATACATTCT
AGAAGAAATGAATCGGGCACCAGGAGGAAAGATGTACGCAGATGACACTGCTGGCTGGGACACCCGCATTAGTAA
GTTTGATCTGGAGAATGAAGCTCTGATTACCAACCAAATGCGAGGAAGGGCACAGAACTCIGGCGTTIGGCCGTGAT
TAAATACACATACCAAAACAANGTGGTGAAGGTICTCAGACCAGCTGAAGGAGGAAAANCAGTTATGGACATCAT
TTCAAGACAAGACCAGAGAGGGAGTGGACAAGTTGTCACTTATGCTCTCAACACATTCACCAACTTGGTGGTGCA
GCTTATCCGGAACATGGAAGCTGAGGCGAAGTGTTAGAGATGCAAGACTTATGGTTGTTGAGGAAGCCAGAGAAAGT
GACCAGATGGTTGCAGAGCAATGGATGGGATAGACTCAAACGAATGGCGGTCAGTGGAGATGACTGCGTTGTGAA
GCCAATCGATGATAGGTTTGCACATGCCCTCAGGTICTTGAATGACATGGGAAAAGTTAGGAAAGACACACAGGA
GTGGAAACCCTCGACTGGATGGAGCAATTGGGAAGAAGTCCCGTTCTGCTCCCACCACTTCAACAAGCTGTACCT
CAAGGATGGGAGATCCATTIGTGGTCCCTTIGCCGCCACCAAGATGAACTGATTGGCCGAGCTCGCGTCTCACCAGG
GGCAGGATGGAGCATCCGGGAGACTGCCTIGTCTTIGCAAAATCATATGCGCAGATGTGGCAGCTCCTTITATTTCCA
CAGAAGAGACCTTCGACTGATGGCTAATGCCATITGCTCGGCTGTGCCAGTTIGACTGGGTACCAACTGGGAGAAC
CACCTGGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAGGACATGCTCATGGTGTGGAATAGAGTGTGGAT
TGAGGAGAACGACCATATGGAGGACAAGACTCCTGTAACAAAATGGACAGACATTCCCTATCTAGGAAAAAGGGA
GGACTTATGGIGTGGATCCCTTATAGGGCACAGACCCCGCACCACTTIGGGCTGAAAACATCAAAGACACAGTCAA
CATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTATCTATCCACCCAAGTCCGCTACTTGGGTGA
GGAAGGGTCCACACCCGGAGTGTTGTAAGCACCAATTTTAGTIGTTIGTCAGGCCTGCTAGTCAGCCACAGTTIGGG
GAAAGCTGTGCAGCCTGTAACCCCCCCAGGAGAAGCTGGGAAACCAAGCTCATAGTCAGGCCGAGAACGCCATGG
CACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAAGCGCA
GGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGACTAGCTGTGAATCTCC
AGCAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATIGACGCTGGGAAAGACCAGAG
ACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAACAGCGGCGGCCGGEGTGTGGGGAAATCCAT
GGTTTCT

In some embodiments, the Zika virus has a RNA genome corresponding to the DNA
sequence provided by the nucleic acid sequence of any one of SEQ ID NOs: 1-11. In some
embodiments, the Zika virus has a variant genome that is at least 88%, 89%, 90%, 91%, 92%.
93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.6%, 99.7%, 99.8% or 99.9% identical to
any one of SEQ ID NOs: 1-11.

Provided below are amino acid sequences of the example E proteins of Zika viruses

that may be used in the methods, compositions, and/or vaccines described herein.

ArD157995.AHLA43503.1.-/291-794 polyprotein [Zika virus]. ArD157995. AHL43503.1.-
polyprotcin [Zika virus]. trf| W8QFH2|W8QFH2 9FLAYV Polyprotcin [Zika virus] (SEQ 1D
NO: 12)

ISCIGVSNRDLVEGMSGGTWVDVVLEHGECVTEMAQDKPTVD IELVTMTVSNMAEVRSYCYEASLSDMASASRCP
TOGEPSLDKOSDTOSVCKRTLGDRGHWGNGCGIFGKGSLVTCSKF TCCKKMPGKS IOPENLEYRIMLPVHGSQHSG
MIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY LTMNNKHWLVHKEWFHD I PLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKVPAETLHGTVIVEVQSAGTDGP CKVPAQMAVDMQT LTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSY IVIGVGDKKITHHWHRS GSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVENSLGKGIHQIFG
AAFKSLFGGMSWFSQOILIGTLLVWLGLNTKNGS ISLTCLALGGVMIFLSTAVSA
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MR _766.ABI154475.1.Uganda/291-788 polyprotcin [Zika virus].
MR_766.ABI54475.1.Uganda polyprotein [Zika virus]. tr|C8XPB1|C8XPB1 9FLAV

Genome polyprotein [Zika virus] (SEQ D NO: 13)
IRCIGVSNRDFVEGMSGCTWVDVVLEHGGCYTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASISDMASDSRCP
TQGFAYLDKQSDTQYVCKRTLVDREWGNGCELFGKGSTLVTCAKF TCSKKMTGKS TQPENTLEYRTMLSVHGESQHSE
MIVNDENRAKVEVTPNSPRAEATLGCFGSLGLDCEPRTGLDFSDLYY LTMNNKHWLYHKEWFHDI PLPWHAGADT
GTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLF SGHLKCRLKMDKLRLKGVSYS
LCTAAFTFTKVPAETLHGTVTVEVOQYAGTDGPCKVPAQMAVDMOTLTPVGRLI TANPVITESTENSKMMLELDPP
FGDSYIVIGVGDKKITHHWHRSGS TIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNS LGKGIHQIFGAAFKSL
FGEMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

is0l-ARB15076.AHF49784.1.Central African Republic/291-788 polyprotein [Zika virus].
isol-ARB15076.AHF49784.1.Central African Republic polyprotein [Zika virus].

trflWOG4H6|WOG4H6 9FLAV Genome polyprotein [Zika virus] (SEQ ID NO: 14)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKP TVD IELVT TTVSNMAEVRSYCYEAS T SDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRCWGNGCCLFGKCSLVTCAKF TCSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MTIVNDENRAKVEVTPNSPRAFATLGGFGSLGLDCEPRTGLDFSDLYY L TMNNKHWLVHKEWFHD T PT.PWHAGADT
GTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLF SGHLKCRLKMDKLRLKGVSYS
LCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TESTENSKMMLELD PP
FGDSYIVIGVGDKKI THHWHR3GSTIGKAFEATVRGAKRMAYLGD TAWDFGSVGGVENS LGKGITHQI FGAAFKSL
FGEMSWFSQILIGTLLVWLGLNTKNGSI SLTCLALGGVMIFLSTAVSA

isol-IbH_30656.AEN75265.1.Nigeria/291-788 polyprotein, partial [Zika virus]. isol-

IbH _30656.AEN75265.1.Nigeria polyprotein, partial [Zika virus].
trHEXX12H8XX12 9FLAYV Genome polyprotein (Fragment) [Zika virus] (SEQ ID NO: 15)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYVTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEAS T SDMASDSRCP
TOGEAYLDKQSDTQOYVCKRTLVDRGHWGNGCGLFGKGSLVICAKF TCSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY LTMNNKHWLVHKEWFHDIPLPWHSGADT
ETPHWNNKEALVEFKDAHAKROTVVVLGSOEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRLKGVSYS
LCTAAFTFTKVPAETLHGTVTVEVQYAGRDGPCKVPAQMAVDMOTLTPVGRLI TANPVI TESTENSKMMLELDPP
FGDSYIVIGVGDKKITHHWHRSGS I IGKAFEATVRGAKRMAVLGDTAWDEGSVGGVENSLGKGIHQIFGAAFKSL
FGGMSWFSQILIGTLLVWLGLNTKNGS I SLTCLALGGVMIFLSTAVSA

ArB1362.AHL43500.1.-/291-794 polyprotein [Zika virus]. ArB1362. AHL43500.1.-
polyprotein [Zika virus]. trfW8Q6T3|W8Q6T3 9FLAV Genome polyprotein [Zika virus]
(SEQ ID NO: 16)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYVTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEAS I SDMASDSRCP
TOGEAYLDKQOSDTQYVCKRTLVDRGHGNGCGLEFGKGSLVTCAKFTCSKKMTGKS IQPENLEYRIMLSVHGS QHSG
MIVNDXXXXXXXNRAEVEVTPNSPRAEATLGGFGSLGLDCEPRIGLDFSDLYY LTMNNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTIVVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKVPAETLEGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGDKKITHHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVENS LGKGIHQIFG
ARFKSLFGGMSWESQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArD128000.AHLA43502.1.-/291-794 polyprotein [Zika virus]. ArD128000.AHL43502.1.-
polyprotein [Zika virus]. tr{WRQIT7|WEQIT7 9FLAV Genome polyprotein [Zika virus]
(SEQ ID NO: 17)
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IRCIGVSNRDEFVEGMSGGTWVDVVLEHGGCVITVMAQDKPTVDIELVITTIVSNMAEVRSYCYEASISDMASDSRCP
TOQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLEGKGSLVTCAKF TCSKEKMTGKSIQPENLEYRIMLSVHGSQHSG
MXXXXXGHETDENRAKVEVIPNSPRAEATLGGEGSLGLDCEPRTGLDESDLYYLTMNNKHRLVRKEWEFHDIPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQIVVVLGS3QEGAVHTALAGALEAEMDGAKGRLESGHLKCRLKMDKLRL
KGVSYSLCTAAFTEFTKVPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQOTLTPVGRLITANPVITESTENSKMM
LELDPPFGDSYIVIGVGDKKITHHWLKKGSSIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVENSLGKGVHQIFG
AAFKSLEFGGMSWESQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArDI158095.AHL43505.1.-/291-794 polyprotein, partial [Zika virus].
ArDI158095.AHLA43505.1.- polyprotcin, partial [Zika virus]. tr|[W8Q6T7|W8Q6T7_9FLAV

Genome polyprotein (Fragment) [Zika virus] (SEQ ID NO: 18)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEAS T SDMASDSRCP
TQGFAYLDKQSDTQYVCKRT LVDRGHGNGCGLFGKGSLVTCAKF TCSKKMTGKS TQPENLEYRTMLSVHGSQHSG
MIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQT LTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGDKKITEHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVENSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArD158084.AHL43504.1.-/291-794 polyprotein [Zika virus]. ArD158084.AH1.43504.1.-
polyprotein [Zika virus]. trf W8Q7Q3|W8Q7Q3 9FLAV Genome polyprotein [Zika virus]
(SEQ ID NO: 19)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TOGEAYLDKQSDTQYVCKRTLVDRGHGNGCGLEFGKGSLVTCAKF TCSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDIGHETIDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRIGLDFSDLYYLTMNNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQIVVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKVPAETLEGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGDKKITHHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVENSLGKGIHQIFG
ARFKSLFGGMSWESQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

isol-ARB13565. AHF49783.1.Central African Republic/291-794 polyprotein [Zika virus].
isol-ARB13565.AHF49783.1.Central_African_Republic polyprotein [Zika virus].

tr|WOG1G4|WO0G1G4 _9FLAV Genome polyprotein [Zika virus] (SEQ ID NO: 20)
IRCIGVSNRDEVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEAST SDMASDSRCP
TOGEAYLDKOSDTOYVCKRT LVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKS IOPENLEYRIMLSVHGSOHSG
MIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWEFHD IPLEW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKVPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQT LTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGDKKITEHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVENS LGKGVHQIFG
AAFKSLFGGMSWEFSQILIGTLLVWLGLNTKNGS I SLTCLALGGVMIFLSTAVSA

is0l-ARB7701. AHF49785.1.Central_Atrican_Republic/291-794 polyprotein [Zika virus].
isol-ARB7701.AHF49785.1.Central_African_Republic polyprotein [Zika virus].
tr|lWOGS5P7|WOGS5P7_9FLAV Genome polyprotein [Zika virus] (SEQ ID NO: 21)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEASI SDMASDSRCE
TQGEAYLDKQSDTQYVCKRT LVDRGWGNGCGLEFGKGSLVICAKF TCSKKMTGKS LQPENLEYRIMLSVHGSQHSG
MIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKEWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRL
KGVSYSLCTAAFTETKVPAETLEGTVTVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVENS LGKGVHQIFG
AAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSTSLTCLALGGVMIFLSTAVSA
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i50l-ArD 41519.AEN75266.1.Scncgal/291-794 polyprotein, partial [Zika virus]. isol-
ArD_41519.AEN75266.1.Senegal polyprotein, partial [Zika virus].

trlH8XX13|H8XX13 9FLAYV Genome polyprotein (Fragment) [Zika virus] (SEQ ID NO: 22)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TQEEAYLDKQSDTQYVCKRT LVDRGWGNGCGLFGKGSLVTCAKE TCSKKMTGKS TQPENLEYR TMLSVHGSQHSG
MIVNDTGHETDENRAKVEVTPNSPRAFATLEGFGSLGLDCEPRTGLDFSDLYY LTMNNKHWLVHKEWEFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHIALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKVPAETLEGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVITESTENSKMM
LELDPPFGDSYIVIGVGDKKITEHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVENSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGS I SLTCLALGGVMIFLSTAVSA

MR766-NIID.BAP47441.1.Uganda/291-794 polyprotein [Zika virus]. MR766-
NIID.BAP47441.1.Uganda polyprotein [Zika virus]. trffAOA090BCI3|AOA090BCI3 9FLAV
Genome polyprotein [Zika virus] (SEQ ID NO: 23)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEAST SDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLYTCAKF TCSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MTVNDIGYETDENRAKVEVTPNSPRAEATLGGFGSTLGLDCEPRTGLDFSDLYY L TMNNKHWLVHKEWFHD T PT,PW
HAGADTGTPHWNNKEALVEFKDAHAKROTVVVLGESQEGAVHTALAGALEAEMDGAKGKLF SGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKVPAETLEGTVIVEVQYAGTDGPCKIPVQMAVDMQT LTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSY IVIGVGDKK I THHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVENSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

L.C002520.1/326-829 Zika virus genomic RNA, strain: MR766-NI1ID, Uganda, polyprotein,
from complete genome (SEQ ID NO: 24)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGECVTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEAST SDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLYVTCAKF TCSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MTVNDIGYETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY LTMNNKHWLVHKEWFHD I PLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGKLF SGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKVPAETLEGTVIVEVQYAGTDGPCK IPVQMAVDMOTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSY IVIGVGDKK I THHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVEFNSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGS I SLTCLALGGVMIFLSTAVSA

isol-MR_766.AEN75263.1.Uganda/291-794 polyprotein, partial [Zika virus].

MR 766.AMK02027.1.Uganda polyprotein [Zika virus]. isol-MR_766.AEN75263.1.Uganda
polyprotein, partial [Zika virus]. MR _766. AMKO02027.1. Uganda polyprotein [Zika virus].
trH8XX10H8XX10 9FLAV (SEQ ID NO: 25)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TOGEAYLDKQOSDTQOYVCKRTLVDRGHGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSG
MIVNDTGYETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRIGLDFSDLYYLTMNNKHEWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGKLFSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKVPAETLHGTVIVEVQYAGTDGPCKIPVQMAVDMQT LTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVENSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArD7117.AHL43501.1.-/291-794 polyprotein [Zika virus]. ArD7117.AHL43501.1.-
polyprotein [Zika virus]. trf W8RI1T1|W8RI1T1 9FLAV Genome polyprotein [Zika virus]
(SEQ ID NO: 26)

IRCIGVSNRDEFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASTISDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLEGKGSLVICAKF TCSKEKMTIGKSIQPENLEYRIMLSVHGSQHSG
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MIVNDIGHETDENRAKVEVIPNSPRAEATLGGFGSLGLDCEPRTGLDEFSDLYYLTMNNKHWLVHKEWFHDIPLPW
HAGADTGTPHWNNKEALVEFKDAHARKRQTIVVVLGSQEGAVHTALAGALEAEMDGAKGRLESGHLKCRLEKMDKLRL
KGVSYSLCTAVCTAAKVPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMM
LELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVENSLGKGIHQIFG
AAFKSLEGGMSWESQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

AY632535.2/326-825 NC _012532.1 Zika virus strain MR 766, Uganda, polyprotein, from
complete genome (SEQ ID NO: 27)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEAS I SDMASDSRCP
TOGEAYLDKOSDTQOYVCKRTLVDRGHWGNGCGLFGKGSLVTCAKF TCSKKMTGKSIQPENLEYRIMLSVHGSQHSG
MIGYETDEDRAKVEVTPNSPRAEATLGGFGSLGLDCEPRIGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGA
DTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVS
YSLCTAAFTFTKVPAETLHGTVTIVEVQYAGTDGPCKIPVQMAVDMQT LTPVGRLITANPVITESTENSKMMLELD
PPFGDSYIVIGVGDKKI THHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVENS LGKGIHQIFGAAFK
SLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

MR _766.AAV34151.1.Uganda/291-790 polyprotein [Zika virus ]
MR_766.AAV34151.1.Uganda polyprotcin [Zika virus]. MR_766.YP_(002790881.1.Uganda
flavivirus polyprotein [Zika virus]. MR _766.YP_002790831.1.Uganda flavivirus polyprotein
[Zika virus]. tr]Q32ZE1|Q32ZE1 9FL (SEQ ID NO: 28)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDREWGNGCGLFGKGSLVTCAKF TCSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIGYETDEDRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY LTMNNKHWLVHKEWFHDIPLPWHAGA
DTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVS
YSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCKIPVOMAVDMOTLTPVGRLITANPVI TESTENSKMMLE LD
PPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAYLGD TAWDFGSVGGVEFNSLGKGIHQIFGAAFK
SLFGGEMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

MR_766.YP_009227198.1.Uganda/1-500 envelope protein E [Zika virus] (SEQ ID NO: 29)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEAS I SDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCELFGKGSLVTCAKF TCSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIGYETDEDRAKVEVTPNSPRAFATLGGFGSLGLDCEPRTGLDF SDLYY L TMNNKHWLVHKEWFHD T PTL,PWHAGA
DTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVS
YSLCTAAFTFTKVPAETLHGTVIVEVQYAGTDGPCKIPVOMAVDMQTLTPVGRLITANPVITESTENSKMMLELD
PPFGDSY IVIGVGDKKI THHWHRSGSTICKAFEATVRGAKRMAVLGD TAWDFGSVGGVENS LGKGTHOTIFGAAFK
SLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

KU681081.3/308-811 Zika virus isolate Zika virus/H.sapiens-tc/THA/2014/SV0127- 14,
Thailand, polyprotein, from complete genome (SEQ ID NO: 30)
IRCIGVSNRDEVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASTISDMASDSRCP
TQGEAYLDKQSDTQYVCKRT LVDRGWGNGCGLFGKGSLVICAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEI TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD IPLPW
HTGADTGTPHWNNKEATVEFKDAHAKRQTVVVILGSQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKL.RL
KGVSYSLCTAAFTFTKIPAETLEGTVTIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TEGTENSKMM
LELDPPFGDSYIVIGVGEKKITEHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGVLNS LGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

isol-Zika virus%H.sapicns-tc% THA%2014%SV0127- 14 AMD61710.1.Thailand/291-794
polyprotein [Zika virus]. isol-Zika virus%H.sapiens-tc%THA%2014%SV0127-
_14.AMDG61710.1. Thailand polyprotein [Zika virus] (SEQ ID NO: 31)
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IRCIGVSNRDEFVEGMSGGTWVDVVLEHGGCVITVMAQDKPTVDIELVITTIVSNMAEVRSYCYEASISDMASDSRCP
TOQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLEGKGSLVTCAKFACSKEKMTGKSIQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGEGSLGLDCEPRTGLDESDLYYLTMNNKHWLVHKEWEFHDIPLPW
HTGADTGTPHWNNKEALVEFKDAHAKRQIVVVLGS3QEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQOTLTPVGRLITANPVITEGTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVLNSLGKGIHQIFG
AAFKSLEFGGMSWESQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

CK-ISL 2014.AIC06934.1.Cook Islands/1-504 E protein, partial [Zika virus].
tr]AOAO60H177]A0A060H177 9FLAV E protcin (Fragment) OS=Zika virus GN=E PE=4
SV=1 (SEQ ID NO: 32)

IRCIGVSNRDEFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEAS T SDMASDSRCP
TQGFAYLDKQSDTQYVCKRT LVDRGHGNGCGLFGKGSTLVTCAKFACSKKMTGKS TQPENLEYRTMLSVHGSQHSG
MIVNDTGHETDENRAKVEI TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITEHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

Natal RGN.AMBI18850.1.Brazil: Rio Grande do Norte, Natal/291-794 polyprotein [Zika
virus]. Natal RGN.AMBI18850.1.Brazil: Rio Grande do_ Norte, Natal polyprotein [Zika
virus] (SEQ ID NO: 33)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEAST SDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCELFGKGSLYTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEI TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY LTMNNKHWLVHKEWFHD TPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLEGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSY IVIGVGEKK I THHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNSLGKGTHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGS I SLMC LALGGVLIFLSTAVSA

is0l-Si323.AMC37200.1.Colombia/1-504 polyprotein, partial [Zika virus]. isol-
Si322.AMC37201.1.Colombia polyprotein, partial [Zika virus]. isol-
Si1322.AMC37201.1.Colombia polyprotein, partial [Zika virus]. isol-
Si323.AMC37200.1.Colombia polyprotein, partial [Zika virus] (SEQ 1D NO: 34)
IRCIGVSNRDFVEGMSGETWVDVVLEHEECVTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEAS T SDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEI TPNSPRAEATLGGFGSLCGLDCEPRTGLDFSDLYY LTMNNKHWLVHKEWFHD I PLPW
HAGADTGTPHWNNKEATVEFKDAHAKROTVVVIL.GSQEGAVHTATLAGALEAEMDGAKGRL SSGHLKCRLKMDKTL RT,
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGP CKVPAQMAVDMQT LTPVGRL I TANPVI TESTENSKMM
LELDPPFGDSY IVIGVGEKK I THHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNSLGKGTHQIFG
AAFKSLFGGMSWESQILIGTLLMWLGLNTKNGS I SLMCLALGGVLIFLSTAVSA

KU707826.1/317-820 Zika virus isolate SSABR1, Brazil, complete genome (SEQ D NO:
35)

IRCIGVSNRDFVEGMSGGTWYVDVVLEHGGCYTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASI SDMASDSRCPE
TOGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVICAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEI TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLI TANPVITES TENSKMM
LELDPPFGDSY IVIGVGEKK I THHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGS I SLMCLALGGVLIFLSTAVSA
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KUS509998.1/326-829 Zika virus strain Haiti/1225/2014, Haiti, polyprotcin, from complcte
genome (SEQ ID NO: 36)

IRCIGVSNRDFVEGMSGETWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEAS T SDMASDSRCP
TQGEAYLDKQSDTQYVCKRT LVDRGWGNGCGLFGKGSLVICAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEI TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEATLVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQT LTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITEHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

is0l-GDZ16001.AML82110.1.China/291-794 polyprotein [Zika virus]. isol-

GDZ16001.AMLg2110.1.China polyprotein [Zika virus] (SEQ ID NO: 37)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASI SDMASDSRCE
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTICAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKEWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLEGTVTVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVITESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGTLNTKNGS T SLMCLALGGVLIFLSTAVSA

BeH819015.AMA12085.1.Brazil/291-794 polyprotein [Zika virus].
BeH819966.AMA12086.1.Brazil polyprotein [Zika virus]. isol-
SSABR1.AMH&7239.1.Brazil polyprotein [Zika virus]. isol-SSABR1.AMH87239.1.Brazil
polyprotein [Zika virus]. BeH819966.AMA12086.1.Brazil polyprotein [Zika virus] (SEQ ID
NO: 38)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEAS T SDMASDSRCP
TOGEAYLDKOSDTOYVCKRTLVDRGHGNGCGLEFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETIDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRIGLDFSDLYYLTMNNKHEWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGIHQIFG
AAFKSLFGGMSWESQILIGTLLMWLGLNTKNGS I SLMCLALGGVLIFLSTAVSA

MRS _OPY _ Martinique_PaRi_2015.AMC33116.1.Martinique/291-794 polyprotein [Zika
virus]. MRS OPY_ Martinique_PaRi_2015.AMC33116.1.Martinique polyprotein [Zika
virus] (SEQ ID NO: 39)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TOGEAYLDKQOSDTQOYVCKRTLVDRGHGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRIGLDFSDLYYLTMNNKHEWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQT LTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KUS501215.1/308-811 Zika virus strain PRVABCS9, Puerto Rico, polyprotein, from complete

genome (SEQ ID NO: 40)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEAS T SDMASDSRCP
TQGEAYLDKQSDTQYVCKRT LVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDEFSDLYYLTMNNKHWLVHKEWFHDIPLPW
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HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFG
AAFKSLEFGGMSWESQILIGTLLMWLGLNTKNGS ISLMCLALGGVLIFLSTAVISA

Haiti%1225%2014.AMB37295.1.Haiti/291-794 polyprotein [Zika virus].

Haiti%1225%2014. AMB37295.1 Haiti polyprotein [Zika virus] (SEQ ID NO: 41)
IRCIGVSNRDFVEGMSGCTWVDVVLEHGGCYTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TQGEAYLDKQSDTQYVCKRT LVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKEWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTETKIPAETLEGTVTVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVITESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGTLNTKNGS T SLMCTLALGGVLIFLSTAVSA

KU3527068.1/308-811 Zika virus strain Natal RGN, Brazil: Rio Grande do Norte, Natal,

polyprotein, from complete genome (SEQ ID NO: 42)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASI SDMASDSRCE
TQGEAYLDKQSDTQYVCKRT LVDRGWGNGCGLFGKGSLVTICAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHE TDENRAKVE T TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY L TMNNKHWLVHKEWFHD T PT,PW
HAGADTGTPHWNNKEAT VEFKDAHAKRQTVVVLGSQEGAVHTATLAGATLEAEMDGAKGRL S SGHLKCRLKMDKL R,
KGVSYSLCTAAFTETKIPAETLEGTVTVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

i501-Z1106027.ALX35662.1.Suriname/5-508 polyprotein, partial [Zika virus]. isol-
Z1106027.ALX35662.1.Suriname polyprotein, partial [Zika virus] (SEQ ID NO: 43)

IRCIGVSNRDEFVEGMSGGTWVDVVLEHGGCVIVMAQDKPTITVDIELVITIVSNMAEVRSYCYEASISDMASDSRCP
TOGEAYLDKQOSDTQYVCKRTLVDRGWGNGCGLEGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQOHSG
MIVNDTGHETDENRARKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWEHDIPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTIVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTEFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFG
AAFKSLEGGMSWESQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

is0l-FLR.AMM39804.1.Colombia: Barranquilla/291-794 polyprotein [Zika virus]. isol-

FLR.AMM39804.1.Colombia: Barranquilla polyprotein [Zika virus] (SEQ ID NO: 44)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKP TVD IELVT TTVSNMAEVRSYCYEASI SDMASDSRCE
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSTLVTCAKFACSKKMTGKS TQPENLEYRTMLSVHGSQHSG
MTIVNDTGHE TDENRAKVET TPNSPRAFATLGGFGSLGLDCEPRTGLDFSDLYY L TMINNKHWLVHKEWFHD T PT.PW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVATALAGALEAEMDGAKGRLS SGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLEGTVTVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

PLCal _ZV isol-From_Vero E6 cells. AHLL.37808.1.Canada/254-757 polyprotein, partial
[Zika virus]. PLCal ZV isol-From Vero E6 cells. AHL.37808.1.Canada polyprotein, partial
[Zika virus]. tr]AOAO96XFQ2|A0A096XFQ2 9FLAV Genome polyprotein (Fragment) [Zika
virus] (SEQ ID NO: 45)
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IRCIGVSNRDEFVEGMSGGTWVDVVLEHGGCVITVMAQDKPTVDIELVITTIVSNMAEVRSYCYEASISDMASDSRCP
TOQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLEGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGEGSLGLDCEPRTGLDESDLYYLTMNNKHWLVHKEWEFHDIPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQIVVVLGS3QEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQOTLTPVGRLITANPVITESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFG
AAFKSLEFGGMSWESQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

BeH818995. AMA 12084.1.Brazil/291-794 polyprotein [Zika virus].

BcH818995. AMA12084.1.Brazil polyprotcin [Zika virus] (SEQ ID NO: 46)

BeH815744. AMA12087.1.Brazil polyprotein [Zika virus]. BeH815744. AMA12087.1.Brazil
polyprotein [Zika virus].

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TOGEAYLDKQSDTQYVCKRTLVDRGHWGNGCGLFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRIGLDFSDLYYLTMNNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGIHQIFG
AAFKSLFGGMSWESQILIGTLLMWLGLNTKNGS ISLMCLALGGVLIFLSTAVSA

H%PF%?2013.AHZ13508.1.French Polynesia/291-794 polyprotein [Zika virus].
H%PF%2013.AHZ13508.1.French Polynesia polyprotein [Zika virus].
tr|AOA024B7W1|A0A024B7W1 9FLAV Genome polyprotein [Zika virus] (SEQ ID NO: 47)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLEGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQIVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGIVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMM
LELDPPEFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDEFGSVGGALNSLGKGIHQIFG
AAFKSLEGGMSWESQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

PRVABCS59.AMCI13911.1.Puerto_Rico/291-794 polyprotein [Zika virus].
PRVABCS59.AMCI13911.1.Puerto_Rico polyprotein [Zika virus] (SEQ ID NO: 48)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTIVMAQDKPTVDIELVI TTVSNMAEVRSYCYEAS I SDMASDSRCP
TOGEAYLDKOSDTQYVCKRT LVDRGWGNGCGLFGKGSLVICAKFACSKKMTGKS IOPENLEYRIMLSVHGSOHSG
MIVNDTGHETDENRAKVEI TPNSPRAFATLEGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLEGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVITESTENSKMM
LELDPPFGDSY IVIGVGEKK I TEHWHRSGS TTIGKAFEATVRGAKRMAVL.GD TAWDFGSVGGALNSTLGKGTHQTIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGS I SLMCLALGGVLIFLSTAVSA

KU321639.1/326-829 Zika virus strain ZikaSPH2015, Brazil, polyprotein, from complete
genome (SEQ 1D NO: 49)
IRCIGVSNRDFVEGMSGGTWVDIVLEHGGCYVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASI SDMASDSRCP
TQEEAYLDKQSDTQYVCKRT LVDRGRWGNGCGLFGKGSLVTCAKFACSKKMTGKS TQPENLEYR TMLSVHGSQHSG
MIVNDTGHETDENRAKVEI TPNSPRAFATLEGFGSLGLDCEPRTGLDFSDLYY LTMNNKHWLVHKEWEFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHIALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLEGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVITESTENSKMM
LELDPPFGDSYIVIGVGEKKITEHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGS I SLMCLALGGVLIFLSTAVSA
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ZikaSPH2015.A1U33341.1.Brazil/291-794 polyprotein [Zika virus].

ZikaSPH2015.A1LU33341.1.Brazil polyprotein [Zika virus] (SEQ 1D NO: 50)
IRCIGVSNRDFVEGMSGGTWVD IVLEHGGCYTVMAQDKP TVD IELVT TTVSNMAEVRSYCYEASTSDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCELFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHE TDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTIVVVLGSQEGAVHTALAGALEAEMDGAKGRL S SGHLKCRLKMDKLRL
KGVSYSLCTAAFTEFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVITESTENSKMM
LELDPPFGDSY IVIGVGEKK I THHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LCKG THQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGS I SLMCLALGGVLIFLSTAVSA

103344. AMC13912.1.Guatemala/291-794 polyprotein [Zika virus].

103344, AMC13912.1.Guatemala polyprotein [Zika virus]. 8375.AMC13913.1.Guatemala
polyprotein [Zika virus]. 8375. AMC13913.1.Guatemala polyprotein [Zika virus]. (SEQ ID
NO: 51)

IRCIGVSNRDFVEGMSGETWVDVVLEHGECVTVMAQDKPTVD IELVT TTVSNMAETRSYCYEASTSDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVICAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEI TPNSPRAEATLGGFGSLCGLDCEPRTGLDFSDLYY LTMNNKHWLVHKEWFHD I PLPW
HAGADTGTPHWNNKEATVEFKDAHAKROTVVVIL.GSOEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKT RT,
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGP CKVPAQMAVDMQT LTPVGRL I TANPVI TESTENSKMM
LELDPPFGDSY IVIGVGEKK I THHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNSLGKGTHQIFG
AAFKSLFGGMSWESQILIGTLLMWLGLNTKNGS I SLMCLALGGVLIFLSTAVSA

isol-Brazil-ZKV2015.AMD16557.1.Brazil/291-794 polyprotein [Zika virus]. isol-Brazil-

ZKV2015. AMD16557.1.Brazil polyprotein [Zika virus] (SEQ ID NO: 52)
IRCIGVSNRDIVEGMSGGETWVDVVLEIGECYTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEAS I SDMASDSRCP
TOGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVICAKFACSKKMIGKS IQPENLEYRIMLS VHGSQHSG
MIVNDTGHE TDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHEWLVHKEWFHD IPLPW
HAGAD TGTPHWNNKEALVEFKDAHAKRQTVVVLGTQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGP CKVPAQMAVDMOTLTPVGRLI TANPVITE STENSKMM
LELDPPFGDSY IVIGVGEKK I THHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KU497555.1/308-811 Zika virus isolate Brazil-ZKV20135, Brazil, polyprotein, from complete
genome (SEQ ID NO: 53)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCCLFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHE TDENRAKVE T TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY L TMNNKHWLVHKEWFHD T PT,PW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGTQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRL
KGVSYSLCTAAFTETKIPAETLEGTVTVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

1501-ZJ03. AMM39806.1.China/291-794 polyprotein [Zika virus]. isol-
ZJ03.AMM39806.1.China polyprotein [Zika virus] (SEQ ID NO: 54)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASISDMASDSRCP
TOGEAYLDKQOSDTQYVCKRTLVDRGHGNGCGLFGKGSLVICAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEI TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD I PLPW
HAGADTGTPHWNNKEALVEFKDAHAKROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLI TANPVITES TENSKMM
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LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGARRMAVLGDTAWDFGSVGGALNSLGKGIHQIFG
AAFKSLEFGGMSWESQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

isol-FSS13025.AFD30972.1.Cambodia/291-794 polyprotein, partial [Zika virus]. isol-
FSS13025.AFD30972.1.Cambodia polyprotein, partial [Zika virus].

trHO9A910/HO9A910 9FL AV Genome polyprotein (Fragment) [Zika virus] (SEQ ID NO: 55)
IRCIGVSNRDEVEGMSGGTWVDVVLEHGECYTVMAQDKPTVD IELVT TTVSNMAEVRSYCYEAS I SDMASDSRCP
TOGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVICAKFACSKKMIGKS IQPENLEYRIMLS VHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHEWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRL S SGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVOYAGTDGP CKVPAQMAVDMOTLTPVGRLI TANPVITE STENSKMM
LELDPPFGDSY IVIGVGEKK I THHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGEGALNSLGKGIHQIFG
AAFKSTLFGGMSWFSQILIGTLLVWILGLNTKNGS T STMCTALGGVLTFLSTAVSA

i501-Z21106032. ALX35660.1.Suriname/291-794 polyprotein, partial [Zika virus]. isol-

Z1106032.ALX35660.1.Suriname polyprotein, partial [Zika virus] (SEQ ID NO: 56)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCCLFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHE TDENRAKVE T TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY L TMNNKHWLVHKEWFHD T PT,PW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRL
KGVSYSLCTAAFTETKIPAETLEGTVTVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNAKNGSISLMCLALGGVLIFLSTAVSA

1501-Z1106033.ALX35659.1.Suriname/291-794 polyprotein [Zika virus]. isol-

Z1106033.A1.X35659.1.Suriname polyprotein [Zika virus] (SEQ ID NO: 57)
IRCIGVSNRDEVEGMSGGTIWVDVVLEHGGCVTIVMAQDKPTVDIELVITIVSNMAEVRSYCYEASISDMASDSRCP
TQGEAYLDKQSDTQYVCKRT LVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEI TPNSPRAFATLEGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD I PLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHEGTVTVEVQYAGTDGPCKVPAQMAVDMQOT LTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITEHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGTHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNAKNGS I SLMCLALGGVLIFLSTAVSA

1501-BeH828305.AMK49165.1.Brazil/291-794 polyprotein [Zika virus]. isol-

BcHE828305.AMK49165.1.Brazil polyprotcin [Zika virus] (SEQ ID NO: 58)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKP TVDIELVT TTVSNMAEVRSYCYEASI SDMASDSRCE
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSTLVTCAKFACSKKMTGKS TQPENLEYRTMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMUNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTIVVVLGSQEGAVATALAGALEAEMDGAKGRLS SGHLKCRLKMDKLRL
KGVSYSLCTAAFTETKIPAETLEGTVTVEVQYAGTDGPCKVPAQMAVDTQTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGS T SLMCLALGGVLIFLSTAVSA

is0l-GD01.AMK79468.1.China/291-794 polyprotein [Zika virus]. isol-

GDO01.AMK79468.1.China polyprotein [Zika virus] (SEQ ID NO: 59)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASISDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCCLFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNGTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKEWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTIVVVLGSQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRL
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KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFG
AAFKSLEGGMSWESQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

isol-Z1106031.ALX35661.1.Suriname/291-794 polyprotein, partial [Zika virus]. isol-
Z1106031.ALX35661.1.Suriname polyprotein, partial [Zika virus] (SEQ ID NO: 60)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLEGKGSLVTCAKFACSKEKMTGKSIQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGEFGSLGLDCEPRTGLDEFSDLYYLTMNNKHWLVHKEWFHDIPLPW
HAGADTGTPHWNNKEALVEFKDAHAKROQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDEKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVLAQMAVDMQTLTPVGRLITANPVITESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFG
AAFKSLEFGGMSWESQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

ACD75819.1.Micronesia/291-794 polyprotein [Zika virus]. ACD75819.1.Micronesia
polyprotein [Zika virus]. tr|B3U3IM3|B3U3M3 9FLAYV Genome polyprotein [Zika virus]
(SEQ ID NO: 61)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPAVD IELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TOGEAYLDKQSDTOYVCKRTLVDRGHGNGCGLFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRIGLDFSDLYYLTMNNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQIVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLEKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOT LTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNSLGKGIHQIFG
AAFKSLFGGMSWESQILIGTLLVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

KU681082.3/308-811 Zika virus isolate Zika virus/H .sapiens-tc/PHL/2012/CPC-0740,

Philippines, polyprotein, from complete genome (SEQ ID NO: 62)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCCLFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKEWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLEGTVTVEVQYAGTDGPCKVPAQMAVDMQT L TPVGRL I TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNSLGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGS T SLTCLALGGVLIFLSTAVSA

isol-Zika virus%H.sapiens-tc%PHIL.%62012%CPC-0740.AMD61711.1.Philippines/291-794
polyprotein [Zika virus]. isol-Zika virus%H.sapiens-tc%PHL%2012%CPC-
0740.AMD61711.1.Philippines polyprotein [Zika virus] (SEQ ID NO: 63)
IRCIGVSNRDFVEGMSGGTWVDVYVLEHGGCYVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TQGEAYLDKQSDTQYVCKRT LVDRGWGNGCGLFGKGSLVICAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MIVNDTGHETDENRAKVEI TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEATVEFKDAHAKRQTVVVILGSQEGAVHTALAGALEAEMDGAKGRL SSGHLKCRLKMDKL.RL
KGVSYSLCTAAFTFTKIPAETLEGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLI TANPVI TES TENSKMM
LELDPPFGDSYIVIGVGEKKITEHWHRSGS TIGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGIHQIFG
AAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

is0l-BeH823339.AMK49164.2.Brazil/291-794 polyprotein [Zika virus]. isol-

BeH823339.AMK49164.2.Brazil polyprotein [Zika virus] (SEQ ID NO: 64)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTVMAQDKPTVD IELVS TTVSNMAEVRSYCYEATISDIASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSTLVTCAKFACSKKMTGKS TQPENLEYRTMLSVHGSQHSG
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MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPW
HAGADTGTPHWNNKEALVEFKDAHARKRQTAVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLEKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMM
LELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFG
AAFKSLEGGMSWESQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

1501-P6-740.AEN75264.1.Malaysia/291-794 polyprotein, partial [Zika virus]. isol-P6-
740.AEN75264.1.Malaysia polyprotein, partial [Zika virus]. trlH8XX11|H8XX11 9FLAV
Genome polyprotein (Fragment) [Zika virus] (SEQ ID NO: 65)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASI SDMASDSRCP
TOGEAYLDKQOSDTQOYVCKRTLVDRGHGNGCGLFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGS QHSG
MIVNDXGHETDENRAKVEI TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHEWLVHKEWFHD IPLPW
HAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLI TANPVI TESTENSKMM
LELDPPFGDSYIVIGVGDKKITHHWXRSGSTIGKAFEATVRGAKRMAVLGDTAWDEGSVGGALNSLGKGIHQIFG
AAFKSLFGGMSWESQILIGTLLVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

KU744693.1/326-829 Zika virus isolatc VE_Ganxian, China, polyprotcin, from complcte

genome (SEQ ID NO: 66)
TRCIGVSNRDEVEGMSGGTWVDVVLEHGGCVTAMAQDKPTVDIELVTTTVSNMAEVRSYCYEASTSDMASDSRCP
TOGEAYLDKQSDTQYVCKRTLVDRGWGHNGCGLEFGKGSLVTICARKFACSKEKMTGKSIQPENLEYRIMLSVHGSQHSG
MLVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDEFSDLYYLTMNNKHWLAHKEWEHDIPLPW
HAGAATGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRL
KGVSYSLCTAAFTFTKIPAETVDGTVIVEGQYGGTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMM
LELDPPFGDSYIVIGVGEKRKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDEFGSVGGALNSLGKGIHQIIG
AAFKSLFGGMSWEFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSG

isol-VE Ganxian.AMK79469.1.China/291-794 polyprotein [Zika virus]. isol-

VE_Ganxian. AMK79469.1.China polyprotein [Zika virus] (SEQ ID NO: 67)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCYTAMAQDKP TVD IELVT TTVSNMAEVRSYCYEAS I SDMASDSRCP
TQGEAYLDKQSDTQYVCKRTLVDRGWGNGCELFGKGSLVTCAKFACSKKMTGKS IQPENLEYRIMLSVHGSQHSG
MLVNDTGHE TDENRAKVET TPNSPRAFATLGGFGSLGLDCEPRTGLDFSDLYY L TMUNKHWLAHKEWFHD TPT.PW
HAGAATGTPHWNNKEALVEFKDAHAKRQTIVVVLGSQEGAVHTALAGALEAEMDGAKGRL S SGHLKCRLKMDKLRL
KGVSYSLCTAAFTETKIPAETVDGTVIVEGQYGGTDGPCKVPAQMAVDMOQTLTPVGRLI TANPVITESTENSKMM
LELDPPFGDSYIVIGVGEKK I THHWHRSGS T IGKAFEATVRGAKRMAVLGD TAWDFGSVGGALNS LGKGTHQI IG
AAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGS I SLMCLALGGVLIFLSTAVSG

In somc cmbodiments, the Zika virus has an cnvelope (E) protein with an amino acid
scquence provided by any onc of SEQ ID NO: 12-67. In somc cmbodiments, the E protcin
sequence is at least 95%, 96%, 97%, 98%, 99%, 99.5%, 99.6%, 99.7%, 99.8% or 99.9%
identical to the E protein sequence provided by any one of the amino acid sequences SEQ 1D
NO: 12-67.

The terms "identical" or percent "identity" in the context of two or more nucleic acids
or amino acid sequences refer to two or more sequences or subsequences that are the same.
Two scquences arc "substantially identical” if two scquencces have a specified percentage of

amino acid residues or nucleotides that are the same (e.g., at least 80%, 85%, 90%, 95%,
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96%, 97%, 98%, or 99% identity) over a specified region or over the entire sequence, when
comparcd and aligned for maximum correspondence over a comparison window, or
designated region as measured using one of the following sequence comparison algorithms or
by manual alignment and visual inspection. Optionally, the identity exists over a region that
is at least about 50 nucleotides (or 10 amino acids) in length, or more preferably over a region
that is 100 to 500 or 1000 or morc nuclcotides (or 20, 50, 200 or morc amino acids) in Iength.
In some embodiments, the identity exists over the length of a protein, such as the E protein.
For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. Methods of alignment of sequences for comparison are
well known in the art. See, e.g., by the local homology algorithm of Smith and Waterman
(1970) Adv. Appl. Math. 2:482c, by the homology alignment algorithm of Needleman and
Wunsch, J. Mol. Biol. 48:443, 1970, by the search for similarity method of Pearson and
Lipman. Proc. Natl. Acad. Sci. USA 85:2444, 1988, by computcrized implementations of
these algorithms (GAP, BESTFIT, FASTA, Jalview and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group. 575 Science Or., Madison. WI), by multi
sequence alignment implementation using e.g. CLUSTALW (Larkin et al., (2007).
Bioinformatics, 23, 2947-2948.) or MAFFT (Katoh & Toh 2008 Briefings in Bioinformatics

9:286-298), or by manual alignment and visual inspection (see. e.g., Brent et al., Current
Protocols in Molecular Biology, John Wiley & Sons, Inc. (Ringbou ed., 2003)). Two
examples of algorithms that are suitable for determining percent sequence identity and
sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described in
Altschul et al., Nuc. Acids Res. 25:3389-3402, 1977; and Altschul et al., J. Mol. Biol.
215:403-410, 1990, respectively.

Aspects of the disclosure relate to methods of producing a Zika virus in Vero tissue
culture cells. Vero cells are a commonly used tissue culture cell line derived from the kidney
of an African green monkey. The Vero cells used in the methods described herein are the
VERO (WHO) cell line, obtained from the Health Protection Agency general cell collection
under catalogue number 88020401.

Vcero cclls can be grown to confluent monolaycrs, for cxamplce in tissuc culturc flasks;
in suspension (on microcarriers), for example in roller bottles; or in any other cell culture
system for viral production. In some embodiments, the Vero cells are grown in a bioreactor

for viral production. For plaquc assays or plaque reduction ncutralization tcst (PRNT), Vero
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cells are grown in monolayers in tissue culture flasks, dishes, or wells of a plate. To infect
the Vero cclls with the Zika virus, the culture medium is inoculated with Zika virus and the
cells are incubated with the Zika virus for a period of time. The cells may be washed after
inoculation to remove any virus that did not adsorb to the cells in a given amount of time.

The methods provided herein involve passaging the Zika virus in Vero cells. As used
herein, the terms “passage” or “passaging” refer to infecting a population of Vero cells with
Zika virus and subsequently inoculating a second population of Vero cells with Zika virus
produced by infection of the first Vero cell population. In some embodiments, a portion of
the culture medium from the infected Vero cells (containing Zika virus that was released
from the infected cells) is used to inoculate a second population of Vero cells. This is
referred to as one passage or one round of passaging. The passaging may be performed
serially, for example, a portion of the culture medium from the infected second population of
Vero ccells 1s uscd to inoculate a third population of Vero cclls, and so on. In some
embodiments, Zika virus obtained from a single plaque is used to inoculate another
population of cells.

In some embodiments, the Zika virus is passaged in Vero cells several times, such as
atleast4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,26, 27, 28§,
29, 30,31, 32,33, 34, 35,36, 37, 38, 39, or 40 times. In some embodiments, the Zika virus is
passaged in Vero cells at least 4 times. In some embodiments, the Zika virus is passaged in
Vero cells at least 30 times.

In some embodiments, the Vero cells are incubated for at least 2 days after
inoculation with the Zika virus to allow for viral production, prior to passaging. In some
embodiments, the Vero cells are incubated for at least 3, 4, 5, 6, 7, &, 9, 10 or more than 10
days e.g. at least 20 days after inoculation with the Zika virus prior to passaging. The number
of days the Vero cells are incubated after viral inoculation may depend on factors such as the
multiplicity of infection used to inoculate the cells and the viral titer desired in the culture
medium. Serial passaging of the Zika virus in Vero cells may result in generation of a Vero
cell adapted Zika virus strain.

The culture medium from the infected Vero cells may be harvested (collected) to
obtain the Zika virus. In some embodiments, the culture medium is harvested from infected
Vero cells and is replaced with fresh culture medium, which is then harvested after another

period of time. In some embodiments, the culture medium harvested from infected Vero cells
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is pooled from independent Vero cell cultures and/or from independent days. Harvesting can
be repeated up to 4 times by 8 or 9 days post infection, for cxample, and result in a high yicld
of virus per unit cell culture. The harvested culture medium can be stored at +4°C prior to
purification of the virus from the culture medium.

In some embodiments, debris from infected and lysed Vero cells may be removed
from thc harvested culture medium, referred to as a “clarification” of the culturc medium.
The harvested culture medium may be clarified by common methods known in the art, such
as low-speed centrifugation, for example, at 1500 g for 10 min, and/or by filtration through a
filter of pore size of 0.45 pm. The harvested culture medium can be stored at +4°C prior to
concentration.

To concentrate the titer of the virus in the harvested culture medium, it may be
subjected to concentration by any method known in the art. For example, the harvested
culturc medium may be concentrated by mcethods including, without limitation, ultrafiltration,
ultracentrifugation, centrifugal concentrator, vacuum centrifugation, and lyophilization. In
some embodiments, the harvested culture medium is concentrated by ultrafiltration and the
retentate containing the Zika virus is collected. In some embodiments, the harvested culture
medium is concentrated by precipitation in which polyethylene glycol (PEG) 8000 is
dissolved in the culture medium (up to 10%) and the precipitate is dissolved in a buffer, for
example phosphate-buffered saline (PBS, pH 7.0).

The harvested culture medium may be precipitated to produce a Zika virus
supernatant. In some embodiments, the harvested culture medium is precipitated to remove
Vero cell DNA and other undesired material, such as Vero cell debris, from the harvested
culture medium. In some embodiments, the harvested culture medium is concentrated prior
to precipitation. In some embodiments, the harvested culture medium is precipitated by
adding protamine sulfate to the harvested culture medium and incubating the mixture, for
example at +4°C or on ice. In some embodiments, the harvested culture medium is treated
with benzonase to remove Vero cell DNA and other undesired material, such as Vero cell
debris, from the harvested culture medium. In some embodiments, the precipitated culture
medium is centrifuged to collect precipitated material and the supernatant containing the Zika
virus, referred to as a “Zika virus supernatant,” is collected.

The Zika virus supernatant may be further purified after precipitation, for example
density gradient ultracentrifugation. In some embodiments, the Zika virus supernatant is
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further purified by sucrose gradient. Fractions may be collected from the sucrose gradients
and assaycd for presencc of the Zika virus. Mcthods for assaying for virus positive fractions
include plaque assay, hemagglutination assay, polyacrylamide gel electrophoresis, and
antigen assays such as Western blotting and ELISA’s. The fractions containing Zika virus
may be pooled based on titer of the virus and level of other impurities. The level or amount
of impuritics present in the Zika virus supernatant can be cstimated by testing for Vero ccll
DNA and/or Vero cell protein.

To achieve a safe vaccine or composition for the administration to subjects, the Zika
virus supernatant is inactivated. As used herein, the terms “inactivated” and “optimally
inactivated” may be used interchangeably and refer to a process (or its result) by which the
virus is rendered unable to infect a host cell (non-infectious), but that does not affect or
substantially affect the antigenicity of the virus, for example, the immunogenic antigens
cxposcd on the surface of the Zika virus arc ablc to stimulatc an immunc responsc in a
subject (e.g., antigen-specific antibodies). By “does not affect or substantially affect the
antigenicity of the virus” is meant that the inactivated Zika virus retains at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or even essentially
100% of the antigenicity of a Zika virus that is not subjected to inactivation.

A variety of methods are known in the art for inactivating viruses. In some
embodiments, the Zika virus is inactivated by chemical inactivation, thermal inactivation, pH
inactivation, or UV inactivation.

In some embodiments, the inactivating is by chemical inactivation and involves
contacting the Zika virus with one or more chemical inactivation agent for a period of time
under conditions such that the virus is inactivated but the antigenic epitopes are substantially
intact. In some embodiments, the Zika virus is inactivated for a period of time that is longer
than is required to completely inactivate the Zika virus. In some embodiments, the Zika virus
supernatant is inactivated for the number of days required to inactivate the virus plus at least
one additional day. Samples of the Zika virus supernatant may be taken at one or more times
throughout the inactivation process and assessed for viral viability (infectivity) by any
method known in the art, such as by infecting a monolayer of host cells (i.e., plaque assay).

Using such a procedure, the period of time that is required to completely inactivate the Zika
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virus can be determined, and a longer period of time is selected to ensure complete
inactivation.

In some embodiments, the Zika virus is contacted with a chemical inactivation agent
for between 1 day and 50 days, between 2 days and 40 days, between 2 days and 30 days,
between 2 days and 20 days, between 2 days and 10 days, between 3 days and 9 days,
between 4 days and 8 days, between 5 days and 7 days, between 2 days and 5 days, or
between 5 and 10 days. In some embodiments, the Zika virus is contacted with one or more
chemical inactivation agents for at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days,
8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 15 days, 16 days, 17 days, 18
days, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days, 25 days, 26 days, 27 days, 28
days, 29 days, 30 days, 31 days, 32 days, 33 days, 34 days, 35 days, 36 days, 37 days, 38
days, 39 days, 40 days, 41 days, 42 days, 43 days, 44 days, 45 days, 46 days, 47 days, 48
days, 49 days, or at Icast 50 days.

In some embodiments, the chemical inactivation is performed at about +5°C, +10°C,
+15°C, +20°C, +25°C, +30°C, +35°C, +40°C, or about +45°C. In some embodiments, the
chemical inactivation is performed at about +4°C. In some embodiments, the chemical
inactivation is performed at about +22°C.

Any chemical inactivation agent known in the art may be suitable for inactivating the
Zika virus in the methods described herein. It will be appreciated by one of skill in the art
that factors such as the chemical inactivation agent and the temperature at which inactivation
is performed may affect the length of time (number of days) required to completely inactivate
the Zika virus. Examples of chemical inactivation agents include, without limitation,
formaldehyde, enzymes, -propiolactone, ethanol, trifluroacetic acid, acetonitrile, bleach,
urea, guanidine hydrochloride, tri-n-butyl phosphate, ethylene-imine or a derivatives thereof,
and organic solvents such as Tween, Triton, sodium deoxycholate, and sulphohetain.

In some embodiments, the inactivating agent is neutralized after chemical inactivation
of the virus. In some embodiments, the inactivating agent is formaldehyde and is neutralized
after chemical inactivation using sodium thiosulphate or sodium metabisulfite.

In some embodiments, the Zika virus is inactivated by thermal inactivation. In some
embodiments, the thermal inactivation involves exposing the Zika virus to heat, such as dry
heat or vapor heat, for a period of time. In some embodiments, the thermal inactivation
involves exposing the Zika virus to temperatures of about +40°C, +45°C, +50°C, +55°C,
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+60°C, +65°C, +70°C, +75°C, +80°C, +85°C, +90°C,+ 95°C, or about +100°C. In some
cmbodiments, the Zika virus is exposcd to hcat for at lcast 5 hours, 6 hours, 7 hours, 8 hours,
9 hours, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18
hours, 19 hours, 20 hours, 21 hours, 22 hours, 23 hours, 24 hours, 36 hours, 48 hours, 60
hours, 72 hours, 84 hours, about 96 hours, or longer. A preferred thermal inactivation
involves cxposing the Zika virus to temperaturcs of about +56°C for 60 minutcs.

In some embodiments, the Zika virus is inactivated by exposing the virus to acidic or
alkaline conditions for a period of time such that the virus is completely inactivated. The pH
of a Zika virus preparation may be adjusted to a desired pH, for example by the addition of an
acid, a base, or a buffer with a particular pH to the virus preparation. In some embodiments,
the virus is inactivated at an acidic pH of about 2, 2.5, 3, 3.5, 4, 4.5, 5 or about 5.5. In other
embodiments, the virus is inactivated at an alkaline pH of about 8, 8.5, 9, 9.5, 10, or about
10.5.

In some embodiments, the Zika virus is inactivated using UV inactivation. UV
inactivation involves exposing the Zika virus to energy-rich radiation, such as UV-A, UV-B,
or UV-C light for a period of time.

It will be appreciated that any two or more methods of inactivation may be combined
and performed concurrently or serially.

The inactivated Zika virus may be subsequently dialyzed to remove any undesired
material, including the inactivating agent and any neutralizing agent, and/or to replace the
buffer with a buffer that is pharmaceutically acceptable for administration to subjects. In
some embodiments, the inactivated Zika virus is dialyzed with PBS. In addition or
alternatively, the inactivated Zika virus may be filtered, such as sterile filtered, through a 0.22
um filter.

Any of the methods or uses described herein may be for the prevention of a Zika virus
infection in a subject. As used herein, the terms “prevent,” and “preventing,” include the
administration of a Zika virus vaccine or composition to a subject to reduce, or delay the
onset of the manifestation of clinical or subclinical symptoms, complications, pathologies or
biochemical indicia of a disease or infection, or to reduce or inhibit the spread/transmission
of the Zika virus. As used herein, antigen(s), such as an inactivated Zika virus, that is
administered to a subject prophylactically (e.g., prior to infection) may be referred to as a

vaccine.
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As described herein Zika virus may cause any of a variety of symptoms upon
infection of a subject, and is gencerally characterized by mild fever; rash (cxanthema) on face,
neck trunk, upper arms; headache; sensitivity to light; non-inflammatory joint pain;
conjunctivitis; lack of appetite; diarrhea; abdominal pain; and/or dizziness. Zika virus
infection during pregnancy is likely associated with microcephaly in the fetus/neonate. There
is also a probablc association between the onsct of Guillain-Barré syndrome or symptoms
thereof. Diagnosis of Zika virus infection in subjects exposed to Zika virus or suspected of
being exposed to Zika virus involves detecting the presence of virus-specific antibodies
and/or molecular testing, such as PCR or real-time PCR detection of Zika virus.

Provided herein are methods for administering a dose of a therapeutically effective
amount of a Zika virus vaccine to a subject in need thereof. In some embodiments, the
subject is a mammalian subject, such as a human, non-human primate, rodent, rabbit, sheep,
dog, cat, horsc, or cow. In somc cmbodiments, the subjcect is a mouse. In some
embodiments, the subject is a human subject, such as a child, an adult, or an ¢lderly adult. In
some embodiments, the subject is a female subject. In some embodiments, the subject is
pregnant or planning on becoming pregnant. In some embodiments, the subject is at risk of
being exposed to Zika virus. In some embodiments, the subject is living in or traveling to an
arca where Zika virus 1s present or is thought to be present. In some embodiments, the
subject is living in or traveling to an area that is experiencing a Zika virus infection outbreak.
In some embodiments, the subject is living in or traveling to an arca where an arthropod
vector capable of transmitting the Zika virus vector is present or is thought to be present.

Any of the Zika virus vaccines or compositions described herein may be administered
to a subject in a therapeutically effective amount or a dose of a therapeutically effective
amount. As used herein, a “therapeutically effective amount” of vaccine is any amount that
results in a desired response or outcome in a subject, such as those described herein,
including but not limited to prevention of infection, an immune response or an enhanced
immune response to Zika virus, or prevention or reduction of symptoms associated with Zika
discase.

In some embodiments, the therapeutically effective amount of a Zika virus vaccine or
composition described herein is an amount sufficient to generate antigen-specific antibodies
(e.g., anti-Zika virus antibodies). In some embodiments, the therapeutically effective amount
is sufficient to seroconvert a subject with at least 70% probability. In some embodiments, the
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therapeutically effective amount is sufficient to seroconvert a subject with at least 75%, 80%,
85% 90%, 95%, 96%, 97%, 98%, or at lcast 99% probability. Whecther a subject has been
seroconverted can be assessed by any method known in the art, such as obtaining a serum
sample from the subject and performing an assay to detect anti-Zika virus antibodies. In
some embodiments, a subject is seroconverted if a serum sample from the subject contains an
amount of anti-Zika virus antibodics that surpasscs a threshold or predetermined bascline. A
subject is generally considered seroconverted if there is at least a 4-fold increase in anti-Zika
virus antibodies (i.e., anti-Zika E protein IgG antibodies) present in a serum sample from the
subject as compared to a serum sample previously taken from the same subject.

In some embodiments, seroconversion of a subject is assessed by performing a plaque
reduction neutralization test (PRNT). Briefly, PRNT is used to determine the serum titer
required to reduce the number of Zika virus plaques by 50% (PRNTS50) as compared to a
control scrum/antibody. The PRNTS0 may bc carricd out using monolayers of Vero cclls or
any other cell type/line that can be infected with Zika virus. Sera from subjects are diluted
and incubated with live, non-inactivated Zika virus. The serum/virus mixture may be applied
to the Vero cells and incubated for a period of time. Plaques formed on the Vero cell
monolayers are counted and compared to the number of plaques formed by the Zika virus in
the absence of serum or a control antibody. A threshold of neutralizing antibodies of 1:10
dilution of serum in a PRNTS50 is generally accepted as evidence of protection (Hombach et.
al. Vaccine (2005) 23:5205-5211).

In some embodiments, the Zika virus may be formulated for administration in a
composition, such as a pharmaceutical composition. The term “pharmaceutical composition”
as used herein means a product that results from the mixing or combining of at least one
active ingredient, such as an inactivated Zika virus, and one or more inactive ingredients,
which may include one or more pharmaceutically acceptable excipient.

Pharmaceutical compositions of the invention, including vaccines, can be prepared in
accordance with methods well known and routinely practiced in the art (see e.g., Remington:
The Science and Practice of Pharmacy, Mack Publishing Co. 20th ed. 2000; and Ingredients
of Vaccines — Fact Sheet from the Centers for Disease Control and Prevention, e.g., adjuvants
and enhancers such as alum to help the vaccine improve its work, preservatives and
stabilizers to help the vaccine remain unchanged (e.g., albumin, phenols, glycine)).
Pharmaceutical compositions are preferably manufactured under GMP conditions. Typically
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a therapeutically effective dose of the inactivated Zika virus preparation is employed in the
pharmaccutical composition of the invention. The inactivated Zika virus is formulated into
pharmaceutically acceptable dosage forms by conventional methods known to those of skill
in the art. Dosage regimens are adjusted to provide the optimum desired response (e.g., the
prophylactic response).

Dosages of the active ingredicents in the pharmaccutical compositions of the present
invention can be varied so as to obtain an amount of the active ingredient which is effective
to achieve the desired pharmaceutical response for a particular subject, composition, and
mode of administration, without being toxic to the subject. The selected dosage level
depends upon a variety of pharmacokinetic factors including the activity of the particular
compositions of the present invention employed, the route of administration, the time of
administration, the rate of excretion of the particular compound being employed, the duration
of the trcatment, other drugs, compounds and/or materials used in combination with the
particular compositions employed, the age, sex, weight, condition, general health and prior
medical history of the subject being treated, and like factors.

A physician, veterinarian or other trained practitioner, can start doses of the
inactivated Zika virus vaccine employed in the pharmaceutical composition at levels lower
than that required to achieve the desired therapeutic effect and gradually increase the dosage
until the desired effect (e.g., production of anti-Zika virus antibodies) is achieved. In general,
effective doses of the compositions of the present invention, for the prophylactic treatment of
groups of people as described herein vary depending upon many different factors, including
means of administration, target site, physiological state of the patient, whether the patient is
human or an animal, other medications administered, and the titer of anti-Zika virus
antibodies desired. Dosages need to be titrated to optimize safety and efficacy. In some
embodiments, the dosing regimen entails subcutancous or intramuscular administration of a
dose of inactivated Zika virus twice, once at day 0 and once at about day 7. In some
embodiments, the dosing regimen entails subcutaneous administration of a dose of
inactivated Zika virus twice, once at day () and once at about day 14. In some embodiments,
the dosing regimen entails subcutanecus administration of a dose of inactivated Zika virus
twice, once at day 0 and once at about day 28. In some embodiments, the inactivated Zika

virus is administered to the subject once.
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Any of the Zika virus vaccines or compositions described herein may be administered
to a subjcct with, prior to, or aftcr administration of onc or morc adjuvants. An adjuvant is a
molecule that enhances a response in a subject, such as an immune response, to an antigen or
other molecule. In some embodiments, an adjuvant may stabilize an antigen or other
molecule. Determining whether a Zika virus vaccine or compositions thereof are
administcred with an adjuvant depends on various factors (c.g., typc and cxtent of responsce
desired) and will be evident to one of skill in the art. In some embodiments, administering
any of the Zika virus vaccines or compositions described herein with, prior to, or after
administration of an adjuvant may enhance the production of virus neutralizing (anti-Zika
virus) antibodies. In some embodiments, a subject that i1s administered any of the Zika virus
vaccines or compositions described herein with, prior to, or after administration of an
adjuvant may only require a single administration of the Zika virus vaccine or composition to
be scroconverted (producc a level of anti-Zika virus antibodics). Examples of adjuvants may
include, without limitation, aluminium salt (aluminium hydroxide or aluminium phosphate),
calcium phosphate hydroxide, paraffin oil, killed bacteria, bacterial toxins, toxoids, subunits
of bacteria, squalene, thimerosal, detergents, IL-1, 1L-2, IL-12, 2-component adjuvants, such
as 2-component adjuvants containing an antibacterial peptide and a TLR9 agonist (e.g.,
IC31®), and combinations such as Freund's complete adjuvant and Freund's incomplete
adjuvant. In some embodiments, the Zika virus vaccines or compositions is administered
with aluminium hydroxide. In some embodiments, the inactivated Zika virus vaccine or
composition is administered with aluminium phosphate salt.

In some embodiments, the adjuvant is comprised of two components. In some
embodiments, the 2-component adjuvant comprises an antibacterial peptide and a TLR9
agonist. In some embodiments, the antibacterial peptide is provided by the amino acid
sequence KLKL;KLK (SEQ ID NO: 68). In some embodiments, the TLR9 agonist is a
deoxyinosine-containing immunostimulatory oligodeoxynucleic acid molecule (I-ODN). In
some embodiments, the I-ODN comprises the nucleic acid sequence (dIdC)3 (SEQ ID NO:
69). In some embhodiments, the adjuvant is IC31®. In some embodiments, the adjuvant is in
nanoparticle form (See, e.g., US Patent No. 8,765,148 B2, incorporated by reference in its
entirety). In some embodiments, the adjuvant is IC31®, i.e. KLKLs;KILK (SEQ ID NO: 68)
and the nucleic acid sequence (dIdC);; (SEQ ID NO: 69), in combination with an aluminium
salt such as aluminium hydroxide.
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The Zika virus vaccines or compositions described herein may be administered to a
subjcct concomitantly with onc or more vaccinc to another infectious agent, such as another
infectious agent is that present or thought to be present in the same geographic arca as Zika
virus. In some embodiments, the other infectious agent is one that the subject is also at risk
of being in contact with. In some embodiments, the other infectious agent is transmitted by
the same arthropod vector as Zika virus. In some ecmbodiments, the other infectious agent is
Japanese Encephalitis virus, Yellow Fever virus, Dengue virus and/or Chikungunya virus.

Also within the scope of the present disclosure are kits for use in prophylactically
administering to a subject, for example to prevent or reduce the severity of Zika virus
infection. Such kits can include one or more containers comprising a composition containing
inactivated Zika virus, such as an inactivated Zika virus vaccine. In some embodiments, the
kit may further include one or more additional containing comprising a second composition,
such as a sccond vaccine. In some ecmbodiments, the second vaccinge 18 a vaceine for another
arbovirus. In some embodiments, the second vaccine is a Dengue virus vaccine and/or a
Chikungunya virus vaccine.

In some embodiments, the kit can comprise instructions for use in accordance with
any of the methods described herein. The included instructions can comprise a description of
administration of the composition containing inactivated Zika virus to prevent, delay the
onset, or reduce the severity of Zika virus infection. The kit may further comprise a
description of selecting a subject suitable for administration based on identifying whether that
subject is at risk for exposure to Zika virus or contracting a Zika virus infection. In still other
embodiments, the instructions comprise a description of administering a composition
containing inactivated Zika virus to a subject at risk of exposure to Zika virus or contracting
Zika virus infection.

The instructions relating to the use of the composition containing inactivated Zika
virus generally include information as to the dosage, dosing schedule, and route of
administration for the intended treatment. The containers may be unit doses, bulk packages
(e.g., multi-dose packages) or sub-unit doses. Instructions supplied in the kits of the
invention are typically written instructions on a label or package insert (e.g., a paper sheet
included in the kit), but machine readable instructions are also acceptable.

The kits of the present disclosure are in suitable packaging. Suitable packaging
includes, but is not limited to, vials, bottles, jars, flexible packaging, and the like. Also
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contemplated are packages for use in combination with a specific device, such as a syringe or
an infusion device. The containcr may have a sterile access port, for cxample the container
may be a vial having a stopper pierceable by a hypodermic injection needle. At least one

active agent in the composition is an inactivated Zika virus, as described herein.

This invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being practiced or of being
carried out in various ways. Also, the phraseology and terminology used herein is for the

purpose of description and should not be regarded as limiting. The use of “including,”

s <c LTS

“comprising,” or “having,” “containing,” “involving,” and variations thereof herein, is meant
to encompass the items listed thereafter and equivalents thereof as well as additional items.

Unless otherwise defined herein, scientific and technical terms used in conncection
with the present disclosure shall have the meanings that are commonly understood by those
of ordinary skill in the art. Further, unless otherwise required by context, singular terms shall
include pluralities and plural terms hall include the singular. The methods and techniques of
the present disclosure are generally performed according to conventional methods well-
known in the art. Generally, nomenclatures used in connection with, and techniques of
biochemistry, enzymology, molecular and cellular biology, microbiology, virology, cell or
tissue culture, genetics and protein and nucleic chemistry described herein are those well-
known and commonly used in the art. The methods and techniques of the present disclosure
arc generally performed according to conventional methods well known in the art and as
described in various general and more specific references that are cited and discussed
throughout the present specification unless otherwise indicated.

The present invention is further illustrated by the following examples, which in no
way should be construed as further limiting. The entire contents of all of the references
(including literature references, issued patents, published patent applications, and co-pending
patent applications) cited throughout this application are hereby expressly incorporated by
reference, in particular for the teaching that is referenced hereinabove. However, the citation

of any reference is not intended to be an admission that the reference is prior art.
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EXAMPLES

Example 1: Adaptation of Zika Virus in Vero cells

Vero cell monolayers are inoculated with Zika virus. The infected cell cultures are
grown in 25 cm” culture flasks containing 5 mL of nutrient media consisting of Eagle's
minimal essential media (EMEM) supplemented with 10% fetal bovine serum (FBS) in an
atmosphere of about 5% CO» in air and at a temperature no higher than about +35°C. Viral
replication is monitored by microscopic observation of cytopathic effect (CPE) and various
assays for the presence of viral antigen including hemadsorption assay (HA), plaque assay,
and enzyme linked immunoadsorbant assay (ELISA). Zika virus is harvested at day e.g. day
1 and/or 2 or other day, e.g. 3,4, 5, 6, 7, 8, 9, 10 post infection when the culture showed peak
of virus titer, and culture media is clarified by centrifugation to remove cell debris. The
clarificd supcrnatant is uscd to inoculatc additional Vero ccll monolaycrs in order to amplify
the virus. Subsequent serial passages are conducted up to 30 passages by successive virus
infection, titration, and plaque-purification as described above. The viral yicld in the culture

media is quantified by plaque assay.

Example 2: Virus srowth and purification

For viral production and subsequent purification, Vero cells are grown in Eagle's
minimal essential medium (EMEM) containing 10% fetal bovine serum (FBS). Roller bottle
cultures of Vero cell monolayers are infected with Zika virus at a multiplicity of infection
(moi) of 0.01 to 1 plaque forming units (pfu) per cell. After 2 hours of virus adsorption, the
cultures are washed 3 times with PBS and fed with EMEM without FBS and incubated at
+35°C with 5% CO,. Infected Vero cell cultures are incubated until the virus titer reaches a
desired level.

The culture medium is harvested and may be pooled from independent harvest days
and then centrifuged at 8,000 rpm for 15 minutes in standard centrifuge. The supernatants
are then filtered through a 0.45 um filter. Virus culture supernatants are concentrated by
ultrafiltration (Ultrasette, Filtron, 100k) or precipitation with PEG. The virus precipitated by
PEG is collected by centrifugation and resuspended in PBS or STE (10 mM Tris pH 7.2,

1 mM EDTA, 150 mM NaCl) buffer. Retentate after ultrafiltration is concentrated to 250 mL
and the cassette is washed with 100 mL of PBS. Virus concentrates are precipitated by
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chilling in the ice for 2 hours after adding 0.5-2 mg/mL of protamine sulfate. The
precipitated concentrates arc centrifuged at 10,000 rpm for 5 minutes in standard centrifuge
to obtain the supernatant containing the virus. The concentrated viruses are purified by ultra-
centrifugation on sucrose gradients at 38,000 g for 18 hours.

Fractions are subjected to analysis by SDS-PAGE. Envelope antigens (E) may be
detected by Western blotting with anti-Zika virus monoclonal antibody. Virus positive
fractions are pooled and assayed for protein concentration, for example by Lowry method.
Purified virus is diluted with two volumes of PBS and then filtered through a 0.22 um filter.

The virus preparations are compared for relative purity using specific activity
measurements (i.e., pfu/mg protein). The purity of the Zika virus preparations are estimated

by assessing the preparations for any Vero cell DNA or protein.

Examplc 3: Virus Inactivation

Purified Zika virus preparations are inactivated with formaldehyde for preparation of
inactivated vaccine. Inactivation with 0.018% formaldehyde may be carried out at +22°C or
+4°C for at least 2 days, samples from the viral inactivation may be taken at different time
intervals to assess for viral viability by plaque assay. The antigenicity of the virus can also be
monitored during inactivation by testing samples with antigen dot blot assay and probing
with a polyclonal antiserum.

After compete viral inactivation, the formaldehyde is neutralized by the addition of
0.038% of sodium metabisulfite. Dialysis is performed using PBS and the preparations are

then filtered through a 0.22 pum filter.

Example 4: Immunogenicity of Vero adapted Zika virus

The immunogenicity of inactivated Zika virus preparations is assessed using a mouse
model of Zika infection. Groups of adult mice are immunized subcutaneously (s.c.) with 500,
50, or 5 ng of inactivated Zika virus with adjuvant (e.g. aluminium hydroxide with or without
IC31®), or without adjuvant. An additional group of mice receive PBS as a negative control.
Each group is administered the indicated inoculum at t=0 and in some cases also at three to
four weeks later (t=3/4). Beginning approximately three weeks after administration of the
last immunization, serum samples are obtained from each of the mice at regular intervals.
The serum samples are tested for the presence of neutralizing antibodies using PRNT.
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The in vivo protective efficacy of the inactivated Zika virus preparations is also
asscsscd using a mousc modcl of Zika infection, i.e. IFN-alpha/beta receptor knock-out mice

(A129) (sce e.g. Dowall et al., 4. March 2016, http://dx.doi.org/10.1101/042338) or blocking

of the IFN-alpha/beta receptor by administration ot anti-IFN-alpha/beta receptor monoclonal
antibodies to C57BL/6 or BALB/c mice (see e.g. Pinto et al., 7. December 2011, DOI:
10.1371/journal.ppat.1002407). For protection assays, groups of 10 three- to eight-weeks-old
A129, C57BL/6 of BALB/c mice are inoculated subcutaneously in the hindquarters with
inactivated Zika virus with adjuvant (aluminium hydroxide) or without adjuvant at t=0. Age-
matched controls are inoculated with PBS or non-specific antigens in alum. Mice are
optionally boosted with a second administration of the indicated inoculation three to four
weeks later. The mice are then challenged subcutaneously at three to eight weeks post
immunization by inoculation with a deadly dose of live Zika virus. One day prior to challenge
of C57BL/6 and BALB/c micc, they arc passively administered (intraperitoncally) with anti-
IFN-alpha/beta receptor monoclonal antibodies. Challenged mice are monitored daily for
morbidity and mortality for up to twenty-one days. Another alternative is to challenge

intracranially adult vaccinated/non-vaccinated adult mice and observe protection.
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Further more detailed aspects of the invention:

Al. A Zika virus vaccine comprising an optimally inactivated Zika virus particle, wherein
the Zika virus particle is able to seroconvert a subject that is administered the Zika virus

vaccine with at least a 70% probability.

A2.  The Zika virus vaccine of claim A1, wherein the Zika virus particle is able to
seroconvert the subject that is administered the Zika virus vaccine with at least a 80%, 85%,
90%, or 95% probability.

A3.  The vaccine of claim Al or A2, wherein the Zika virus particle has a RNA genome
corresponding to the DNA sequence provided by any one of the nucleic acid sequences of
SEQ ID NOs: 1-11, or a variant nuclcic acid scquence that is at lcast 88% identical to any onc

of SEQ ID NOs: 1-11 and able to pack a virulent Zika virus.

A4.  The vaccine of any one of claims A1-A3, wherein the Zika virus particle has an E
protein selected from the amino acid sequences provided by any one of SEQ ID NOs: 12-67,
or a variant amino acid sequence that is at least 95% identical to any one of SEQ ID NOs: 12-

67 and able to pack a virulent Zika virus.

AS5.  The vaccine of any one of claims A1-A4, wherein the Zika virus is inactivated by

chemical inactivation, thermal inactivation, pH inactivation, or UV inactivation.

A6.  The vaccine of claim A5, wherein the chemical inactivation comprises contacting the
Zika virus with a chemical inactivation agent to completely inactivate the Zika virus as

measured by plaque assay.

A7. The vaccine of claim A6, wherein the chemical inactivation comprises contacting the

Zika virus with formaldehyde.

A8.  The vaccine of claim A7, wherein the formaldehyde inactivation comprises contacting
the Zika virus with formaldehyde for between 2-10 days.
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A9.  The vaccinc of any onc of claims A5-A8, whercin the chemical activation is

performed at about +4°C or about +22°C.

A10. The vaccine of any one of claims A1-A9, further comprising an adjuvant.

All. The vaccine of claim A10, wherein the adjuvant is an aluminum salt adjuvant.

A12. The vaccine of claim Al1l, wherein the aluminum salt adjuvant is aluminium

hydroxide or aluminium phosphate salt.
Al13. The vaccine of any one of A10-A12, wherein the vaccine comprises or further
compriscs an adjuvant comprising a peptide and a dcoxyinosinc-containing

immunostimulatory oligodeoxynucleic acid molecule (I-ODN).

Al4. The vaccine of claim A13, wherein the peptide comprises the sequence KLKLSKLK
(SEQ ID NO: 68) and the I-ODN comprises oligo-d(IC)13 (SEQ ID NO: 69).

A15. The vaccine of any one of claims A1-A14, further comprising one or more

pharmaceutically acceptable excipient.

B1. A kit comprising a Zika virus vaccine of any one of claims A1-AlS.

B2.  The kit of claim B1, further comprising a second vaccine.

B3. The kit of claim B2, wherein the second vaccine is a West Nile virus vaccine, a

Japanese Encephalitis virus vaccine, a Yellow Fever virus vaccine, a Dengue virus vaccine or

a Chikungunya virus vaccine.

Cl. A method, comprising
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administering a first dose of a therapeutically effective amount of the Zika virus

vaccinc of any onc of claims A1-A15 to a subject in need thercof.

C2. The method of claim Cl, further comprising administering a second dose of a

therapeutically effective amount of the Zika virus vaccine.

C3. The method of claim C1 or C2, wherein the second dose of the Zika virus vaccine is

administered about 7 days after the first dose of the Zika virus vaccine.

C4. The method of claim C1 or C2, wherein the second dose of the Zika virus vaccine is

administered about 14 days after the first dose of the Zika virus vaccine.

Cs. The method of claim C1 or C2, wherein the sccond dosc of the Zika virus vaccing is

administered about 28 days after the first dose of the Zika virus vaccine.

C6.  The method of any one of claims C1-C5, wherein the administering results in

production of Zika virus neutralizing antibodies.

D1. A method of producing a Zika virus vaccine, comprising

(1) passaging a Zika virus on Vero cells, thereby producing a culture supernatant
comprising the Zika virus;

(ii) harvesting the culture medium of (i);

(iii) precipitating the harvested culture medium of (ii), thereby producing a Zika virus
supernatant; and

(iv) optimally inactivating the Zika virus in the Zika virus supernatant of (iii) thereby

producing an inactivated Zika virus.

D2.  The method of claim D1, further comprising concentrating the culture medium of (ii)

prior to step (iii).
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D3.  The method of claim D1 or D2, wherein the precipitating of (iii) comprises contacting

the culturc medium of (ii) with protaminc sulfatc or benzoate.

D4.  The method of any one of claims D1-D3, turther comprising (v) dialyzing the

inactivated Zika virus of (iv), thereby producing a dialyzed Zika virus.

D5.  The method of claim D4, further comprising (vi) filtering the dialyzed Zika virus of
(V).

D6.  The method of any one of claims D1-DS5, wherein the inactivating is by chemical

inactivation, thermal inactivation, pH inactivation, or UV inactivation.

D7.  The method of claim D6, whercin the chemical inactivation compriscs contacting the

Zika virus with a chemical inactivation agent for at least 4 days.

D8.  The method of claim D6 or D7, wherein the chemical inactivation agent comprises

formaldehyde.

D9.  The method of any one of claims D6-D8, wherein the chemical activation is

performed at about +4°C or about +22°C.

D10. The method of claim D8 or D9, further comprising neutralizing the formaldehyde.

D11. The method of claim D10, wherein the neutralizing is performed with sodium

metabisulfite.

El. The use of the optimally inactivated Zika virus vaccine of any one of claims A1-A15

for the treatment and prevention of a Zika virus infection.

E2. The use of claim E1, wherein the inactivated Zika virus vaccine is administered in a

first dose of a therapeutically effective amount to a subject in need thereof.
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E3. The usc of claim E2, wherein the inactivated Zika virus vaccinge is administered in a

second dose of a therapeutically effective amount to the subject.

E4. The use of claim E3, wherein the second dose of the inactivated Zika virus vaccine is

administcred about 7 days after the first dosc of the Zika virus vaccinc.

ES. The use of claim E3, wherein the second dose of the Zika virus vaccine is

administered about 14 days after the first dose of the Zika virus vaccine.

Eeo. The use of claim E3, wherein the second dose of the Zika virus vaccine is

administered about 28 days after the first dose of the Zika virus vaccine.
E7. The use of any one of claims E1-E6, wherein the vaccine administration results in

production of Zika virus neutralizing antibodies.

FI1. A pharmaceutical composition for use in the treatment and prevention of a Zika virus
infection, wherein said pharmaceutical composition comprises the optimally inactivated Zika

virus vaccine of any one of claims A1-A15.
F2. The pharmaceutical composition of claim F1, wherein the inactivated Zika virus
vaccine is administered in a first dose of a therapeutically effective amount to a subject in

need thereof.

F3. The use of claim F2, wherein the inactivated Zika virus vaccine is administered in a

second dose of a therapeutically effective amount to the subject.

F4. The use of claim F3, wherein the second dose of the inactivated Zika virus vaccine is

administered about 7 days after the first dose of the Zika virus vaccine.
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FS. The use of claim F3, wherein the second dose of the Zika virus vaccine is

administcred about 14 days after the first dosc of the Zika virus vaccine.

Feo. The use of claim F3, wherein the second dose of the Zika virus vaccine 1s

administered about 28 days after the first dose of the Zika virus vaccine.

F7. The use of any one of claims F1-F6, wherein the vaccine administration results in

production of Zika virus neutralizing antibodies.
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CLAIMS
What is claimed is:
1. A Zika virus vaccine comprising an optimally inactivated Zika virus particle, wherein
the Zika virus particle is able to seroconvert a subject that is administered the Zika virus

vaccine with at least a 70% probability.

2. The Zika virus vaccine of claim 1, wherein the Zika virus particle is able to
seroconvert the subject that is administered the Zika virus vaccine with at least a 80%, 85%,
90%, or 95% probability, preferably a 80% probability.

3. The vaccine of claim 1 or 2, wherein the Zika virus particle has a RNA genome
corresponding to the DNA sequence provided by any one of the nucleic acid sequences of
SEQ ID NOs: 1-11, or a variant nuclcic acid scquence that is at lcast 88% identical to any onc

of SEQ ID NOs: 1-11 and able to pack a virulent Zika virus.

4, The vaccine of any one of claims 1-3, wherein the Zika virus particle has an E protein
selected from the amino acid sequences provided by any one of SEQ ID NOs: 12-67, or a
variant amino acid sequence that is at least 95% identical to any one of SEQ ID NOs: 12-67

and able to pack a virulent Zika virus.

5. The vaccine of any one of claims 1-4, wherein the Zika virus is inactivated by

chemical inactivation, thermal inactivation, pH inactivation, or UV inactivation.

6. The vaccine of claim 5, wherein the chemical inactivation comprises contacting the
Zika virus with a chemical inactivation agent for longer than is required to completely

inactivate the Zika virus as measured by plaque assay.

7. The vaccine of claim 6, wherein the chemical inactivation comprises contacting the

Zika virus with formaldehyde.

8. The vaccine of claim 7, wherein the formaldehyde inactivation comprises contacting
the Zika virus with formaldehyde for between 2-10 days.
66
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9. The vaccine of any onc of claims 5-8, whercin the chemical activation is performed at

about +4°C or about +22°C.

10. The vaccine of any one of claims 1-9, further comprising an adjuvant.
11. The vaccine of claim 10, wherein the adjuvant is an aluminum salt adjuvant.
12. The vaccine of claim 11, wherein the aluminum salt adjuvant is aluminium hydroxide

or aluminium phosphate salt.
13. The vaccine of any one of 10-12, wherein the vaccine comprises or further comprises
an adjuvant comprising a peptide and a dcoxyinosinc-containing immunostimulatory

oligodeoxynucleic acid molecule (I-ODN).

14. The vaccine of claim 13, wherein the peptide comprises the sequence KLKLSKLK
(SEQ ID NO: 68) and the I-ODN comprises oligo-d(IC)13 (SEQ ID NO: 69).

15. The vaccine of any one of claims 1-14, further comprising one or more

pharmaceutically acceptable excipient.
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ABSTRACT
Described herein arc Zika virus vaceines and compositions and methods of producing

and administering said vaccines to subjects in need thereof.
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VIRUS PURIFICATION

FIELD OF INVENTION
The disclosure relates to methods for the purification of viruses for use in vaccines
and in particular rclatcs to an improved sucrosc gradicnt proccss step allowing the scparation
of impurities such as protamine sulphate.
The disclosure also relates to Zika virus vaccines and compositions and methods for
producing said vaccines and administering the vaccines to subjects for the generation of an

anti-Zika virus immune response.

BACKGROUND OF THE INVENTION

Adverse responses to protamine sulfate have been known for many years. Previous
exposure to protamine can induce a humoral immune response and predispose susceptible
individuals to the development of untoward reactions from the subsequent use of this drug.
Patients exposed to protamine through the use of protamine-containing insulin or during
heparin neutralization may experience life-threatening reactions and fatal anaphylaxis upon
receiving large doses of protamine intravenously. Severe reactions to intravenous protaminge
can occur in the absence of local or systemic allergic reactions to subcutaneous injection of
protamine-containing insulin. Although there is no clear evidence for hypersensitivity
reactions of protamine sulphate linked to vaccination, vaccines containing protamine
impurities have a precaution and contraindication warning in their labels stating that a serious
allergic reaction after a previous dose of such a protamine containing vaccine (e.g.

IXTARO®, see CDC site hitp:/www.cde.gov/iapaneseencephalitis/vaccine/) is a

contraindication to further doses. Thus elimination of said impurity is a medical request for
an improved safety profile. On the other hand protamine sulphate is an excellent tool (and
often better than other tools such as benzonase) to purify crude harvests of viruses grown on
cell substrates.

In 2007, Zika virus was detected for the first time outside of the endemic regions of
Asia and Africa since its discovery in a Rhesus monkey in Uganda in 1947. Since then, the
virus has caused a large epidemic in French Polynesia, spreading through islands in the
Pacific and into South and Central America by 2015 (WHO “Zika Situation Report” February
5,2016). Evidence suggests that in addition to being transmitted by Aedes species

1
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mosquitos, other vectors may exist, and the virus may be transmitted by blood transfusion,
transplacentally, and through scxual transmission (WHO Zika Virus Fact Shecet, Fcb. 2016).
Though the symptoms of Zika virus infection include mild fever, rash, and conjunctivitis,
there is a likely correlation between infection and neurological disorders, including Guillain-
Barré syndrome and microcephaly in fetuses/neonates subsequent to infection during
pregnancy. There is currently no spccific trcatment or vaccine for Zika virus and the only
preventative measurements involve control of the mosquito vector. Zika virus presents a
substantial public health threat due to the wide circulation of the Aedes mosquito, multiple

routes of transmission, and potentially severe neurclogical effects of infection.

SUMMARY OF THE INVENTION

During the coursc of virus purification, it was obscrved that addition of protaminc
sulfate to a virus harvest produced on a cell substrate removed not only contaminating DNA
derived from host cells, as expected, but surprisingly also virtually eliminated immature and
otherwise non-infectious virus particles from the preparation. This finding provided a
streamlined, gentle, reproducible and broadly-applicable process for obtaining highly-purified
infectious virus particles for applications such as vaccine preparation. In addition, it was
surprisingly found that said protamine sulfate can very efficiently be separated from the virus
fraction allowing for a safer vaccine produced at high yields.

Disclosed herein are virus vaccines and compositions comprising an inactivated virus,
and related methods of producing said vaccines and compositions. Also provided are
methods of administering said virus vaccines for the prevention of virus infection and/or for
the production of an anti-virus immune response in subjects, for example subjects at risk of
being exposed to virus. In particular, the invention is directed to a virus vaccine comprising
an optimally inactivated virus particle, wherein the virus particle in an appropriate dose is
able to seroconvert a subject that is administered the virus vaccine with at least a 70%
probability, preferably an 80% probability. Another advantage of the invention is that
related methods of producing said vaccines and compositions are very efficient and provide
pure compositions largely void of impurities, in particular protamine sulphate, allowing for
high volume production of vaccines. Examples to the above are provided for Zika virus and

Chikungunya virus.
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Each of the limitations of the invention can encompass various embodiments of the
invention. It is, thercfore, anticipated that cach of the limitations of the invention involving
any one clement or combinations of elements can be included in each aspect of the invention.
This invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the
drawings. Thc invention is capable of other embodiments and of being practiced or of being

carried out in various ways.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are not intended to be drawn to scale. The figures are
illustrative only and are not required for enablement of the disclosure. For purposes of
clarity, not every component may be labeled in every drawing, alignments were performed
with the multi alignment package Jalview (Waterhousc ct al., 2009, Bioinformatics 25 (9)

1189-1191). In the drawings:

Figure 1: Average distance tree (by % identity, nt), complete genomes.

Figure 2: Neighbor joining tree (by % identity, nt), complete genomes.

Figure 3: Pairwise alignment-Jalview (% identity, nt), complete genomes.

Figure 4: Average distance tree (by % identity, aa), E-protein.

Figure 5: Neighbor joining tree (by % identity. aa), E-protein.

Figure 6: Pairwise alignment-Jalview (% identity, aa), E-protein.

Figure 7: Alignment (blue shading: % identity, aa), E-protein.

Figure 8a: Overview of an efficient Zika virus purification process.

Figure 8b: Overview of an efficient inactivation step.

Figure 9: SEC-HPLC of individual 30x concentrated Zika harvest prior PS treatment

Figure 10: SEC-HPLC of individual 30x concentrated Zika harvest post PS treatment

Figure 11: Preparation of the sucrose gradient.

Figure 12: Representative SDS-PAGE from the sucrose gradient harvest of a Zika
purification is shown.

Figure 13: Schematic separation of Virus (ChikV as an example) and PS/HPC using

the optimized 3-layer sucrose gradient centrifugation process.
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Figure 14: Correlation between JEV Antigen content in NIV analysed by ELISA and
SEC-HPLC (Dioncx Ultimatc 3000, Supcrosc 6 column).

Figure 15: A silver-stained SDS-PAGE gel showing the protein content of the virus
preparation following different steps of the process of the invention (defined in the table next
to the figure). The SGC purified pool consisting of SGC fractions F7-F11 is shown in lane
12.

Figure 16: The SEC area (mAU*min; right axis) and TCIDS50 results (log
TCIDS0/mL; left axis) of ChikV production harvests before and after PS treatment is shown.
The grey portions of the bars indicate large losses in SEC area following PS treatment, but no
corresponding change in the total number of infectious particles (indicated by black portions
of the bars) (A); SEC profile of virus preparation before and after PS addition, showing a
complete removal of large size virus aggregates by PS treatment as well as a reduction in host
cell protcins (HCP) and LMW impuritics (B).

Figure 17: Relative amounts of ChikV particles and other components by SEC-HPLC
analysis at the different steps of the process of the invention including, from top to bottom:
crude harvest (a) are shown; 10X concentrated harvest; diafiltrated harvest; PS treated
material; CC700-treated material and SGC purified pool.

Figure 18: Comparison of different sucrose gradients (a: gradient 1: 50%, 10%
sucrose, b gradient 2: 50%, 35%, 10% sucrose, ¢: gradient 3: 50%, 25%, 10% sucrose, d:
gradient 4: 50%, 35%, 15%, 10% sucrose) with ChikV particles.

Figure 19: Comparison of two different ZikaV harvest schedules.

Figure 20: SEC-HPLC elution profile of ZikaV NIV. Data were processed on Dionex
Ultimate 3000 / Superose 6 Increase column.

Figure 21: SEC-MALLS analysis of inactivated ZikaV.

Figure 22: Cumulative particle size distribution of Zika NIV.

Figure 23: Graphical representation of the neutralization of the Zika virus H/PF/2013
with pooled mouse serum. The number of plaques without serum is set to 100%. The EC50 is
calculated with the 3-parameter method.

Figure 24: Graphical representation of the neutralization of the Zika virus MR766
with pooled mouse serum. The number of plaques without serum is set to 100%. The EC50 is

calculated with the 3-parameter method.
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DETAILED DESCRIPTION OF THE INVENTION

Disclosed herein are virus vaccines and compositions comprising an inactivated virus,
and related methods of producing said vaccines and compositions. Also provided are
methods of administering said virus vaccines for the prevention of virus infection and/or for
the production of an anti-virus immunc rcsponsc in subjects, for example subjects at risk of
being exposed to virus. In particular, the invention is directed to a virus vaccine comprising
an optimally inactivated virus particle, wherein the virus particle in an appropriate dose is
able to seroconvert a subject that is administered the virus vaccine with at least a 70%
probability, preferably an 80% probability. Another advantage of the invention is that
related methods of producing said vaccines and compositions are very efficient and provide
pure compositions largely void of impurities, in particular protamine sulphate, allowing for
high volume production of vaccincs. Examplcs to the above arc provided for Zika virus and
Chikungunya virus.

Disclosed herein are downstream processes for purifying virus particles from a crude
preparation. The downstream process can be applied to either a virus which has not adapted
for propagation on a particular cell substrate or for a partial / fully cell substrate adapted virus
particle.

Aspects of the invention provide processes for the purification of infectious virus
particles comprising the steps of (a) providing a crude harvest (a) comprising virus particles
and impurities, wherein the impurities are generated from growing said virus particles on a
cell substrate; (b) reducing impurities from the crude harvest (a) by precipitation with an
agent comprising a protamine salt, preferably a protamine sulphate, to obtain a virus
preparation (b); and further purifying the virus preparation (b) by an optimized sucrose
density gradient centrifugation to obtain a virus preparation (c) comprising the infectious
virus particles.

In some embodiments, the concentration of protamine sulphate in step (b) is about 1
to 10 mg/ml, more preferably about 1 to 5 mg/ml, more preferably about 1 to 2 mg/ml. In one
embodiment, the concentration of protamine sulphate in step (b) is about 2 mg/mL. In one
embodiment, the concentration of protamine sulphate is 1.2 to 1.8 mg/ml, more preferably 1.4
to 1.6 mg/ml. In a preferred embodiment, the concentration of protamine sulphate in step (b)
is about 1.6 mg/ml (for e.g. Chikungunya) or about 2 mg/ml (for e.g. Zika).

5
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In some embodiments, the residual host cell DNA of the virus preparation (¢) is less
than 1 ug/mlL, cspccially less than 900, 800, 700, 600, 500, 400, 300 or 200 ng/mL,
preferably less than 100 ng/mL. In a preferred embodiment, the residual host cell DNA of the
virus preparation (¢) is less than 10 ng/mL. In some embodiments, the residual host cell
protein of the final virus preparation (c) is less than 10 pg/mL, especially less than 9, §, 7, 6,
5,4, 3 or 2 pg/mL, preferably less than 1 ug/mL. In a preferred embodiment, the residual
host cell protein of the virus preparation (c) is less than 100 ng/mL. In some embodiments,
the residual non-infectious virus particles of the final virus preparation (c¢) is less than 10
pg/mL, especially less than 9, 8,7, 6, 5, 4, 3 or 2 ng/mL, preferably less than 1 pg/ml.. Ina
preferred embodiment, the residual non-infectious virus particles of the virus preparation (c)
is less than 100 ng/mL. In some embodiments, the residual protamine is less than 1 ug/mL,
especially less than 900, 800, 700, 600, 500, 400, 300 or 200 ng/mL, preferably less than 100
ng/mL, morc preferably is below the detection limit in particular below the detection limit in
the final drug substance.

In some embodiments, the crude harvest (a) comprising the virus particles and
impurities is subjected to one or more pre-purification step(s) prior to step (b). In some
embodiments, the one or more pre-purification step(s) comprises digesting host cell genomic
DNA in the crude harvest (a) comprising the virus particles and impurities by enzymatic
treatment. In some embodiments, the one or more pre-purification step(s) comprises
filtration, ultrafiltration, concentration, buffer exchange and/or diafiltration. In some
embodiments, the one or more pre-purification steps is filtration using a filter having a pore
size equal to or less than 1 pum. In some embodiments, the filter has a pore size equal to or
less than 0.2 um. In a preferred embodiment, the filter has a pore size of 0.2 um. In some
embodiments, the concentration and/or ultra/diafiltration and/or buffer exchange is performed
by tangential flow filtration (TFF). In some embodiments, ultra/diafiltration of the crude
harvest (a) comprising the virus particles and impurities is performed using a hollow fiber
membrane having a cut-off of equal to or less than 300 kDa. In a preferred embodiment, the
hollow fiber membrane has a cut-off of 100 kDa.

In some embodiments, the virus particle is a live virus, a chimeric virus, an
attenuated live virus, a modified live virus, or a recombinant live virus. In a further step, the
virus particles of the invention may by optionally inactivated. In some embodiments, the

virus particle is an attenuated form of the virus particle. For example, the virus may have
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reduced infectivity, virulence, and/or replication in a host, as compared to a wild-type virus.
In somc cmbodiments, the virus is a mutated or modificd virus, for example the nuclcic acid
of the virus may contain at Ieast one mutation relative to the wild-type virus. In some
embodiments, the virus is a recombinant live virus, meaning a virus that is generated
recombinantly and may contain nucleic acid from different sources.

In some embodiments, the virus particle is a live virus, an attenuated live virus, a
modified live virus, or a recombinant live virus. In some embodiments, the virus belongs to a
virus family selected from the group consisting of Paramyxoviridae, Orthomyxoviridae,
Flaviviridae, Filoviridae, Arenaviridae, Rhabdoviridae, and Coronaviridae. In some
embodiments, the virus belongs to a virus family selected from the group consisting of
Togaviridae (being live or inactivated), such as alphaviruses, or Flaviviridae (being live or
inactivated). In some embodiments, the virus is a virus of the family Flaviviridae, i.e. a
flavivirus. In other cmbodiments, the virus 1s a Zika virus or Ycllow Fever virus. In
preferred embodiments, the virus is a Zika virus. In a most preferred embodiment, the Zika
virus is a Zika virus from the Asian lineage.

In some embodiments, the relative reduction of impurity of the final virus preparation
relative to the liquid medium (a) comprising the virus particles and impurities is in a range
from 60 to 95%. In some embodiments, the residual impurity of the final virus preparation is
less than 1%.

In some embodiments, the filtration of step in (b)(ii) of claim 1 is performed using a
filter having a pore size equal to or greater than 1 pm. In some embodiments, the filter has a
pore size equal to or greater than 0.2 pum. In a preferred embodiment, the filter has a pore
size of 0.2 um.

In some embodiments, the virus is propagated in a cell line selected from the group
consisting of an EB66 cell line, a Vero cell line, a Vero-aHis cell line, a HeLa cell ling, a
HeLa-S3 cell line, a 293 cell line, a PC12 cell line, a CHO cell line, a 3T3 cell line, a PerC6
cell line, a MDSK cell line, a chicken embryonic fibroblast cell line, a duck cell line, and a
diploid avian cell line. In some embodiments, said cell line is a duck cell line. In some
embodiments, said cell line is a diploid avian cell line. In some embodiments, said cell line is
EB66 cell line. In a preferred embodiment, said cell line is a Vero cell line.

Aspects of the invention provide a use of any of the processes described herein for
manufacturing a composition for immunization against a viral infection. In a preferred
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embodiment, the composition is a vaccine. In one embodiment, the composition or vaccine is
dirccted against Chikungunya virus. In onc ecmbodiment, the composition or vaccine is
directed against a flavivirus. In one embodiment, the composition or vaccine is directed
against Yellow Fever virus. In one embodiment, the composition or vaccine is directed
against Zika virus such as e.g. a Zika virus of the Agian lineage.

Other aspects provide compositions comprising the virus particles obtainable by any
of the processes described herein for treating and/or preventing a viral infection. In one
embodiment, the viral infection is caused by Chikungunya virus. In one embodiment, the
viral infection is caused by a flavivirus. In one embodiment, the viral infection is caused by
Yellow Fever virus. In one embodiment, the viral infection is caused by Zika virus such as
e.g. a Zika virus of the Asian lineage.

Furthermore, disclosed herein are Zika virus vaccines and compositions comprising
an inactivatcd Zika virus, and rclated mcthods of producing said vaccines and compositions.
Also provided are methods of administering the Zika virus vaccines for the prevention of
Zika virus infection and/or for the production of an anti-Zika virus immune response in
subjects, for example subjects at risk of being exposed to Zika virus.

Zika virus is a flavivirus closely related to Dengue virus and is similarly transmitted
by the Aedes species mosquito, although other arthropod vectors for Zika virus are possible.
Since it was first isolated from a Rhesus monkey in the Zika forest of Uganda in 1947, there
were very few reported incidents of human infection, especially outside of the endemic
regions of Africa and Asia until a large outbreak in French Polynesia in 2007 (Haddow ef al.
PlLoS Neglected Tropical Diseases (2012) 6(2), Malone et al. PLoS Neglected Tropical
Diseases (2016) 10(3),). The virus has since spread through islands of the Pacific, including
Oceania, and into South and Central America (WHO “Zika Situation Report” February 5,
2016).

In addition to being spread by the bite of an infected mosquito, evidence also suggests
transmission may occur between individuals, such as from the blood of an infected
individual, in utero/transplacental transmission from an infected mother to the fetus, sexual
transmission between sexual partners, and possibly by other local transmission routes. There
is a possible association between Zika virus infection during pregnancy and microcephaly in
the fetus/neonate. Microcephaly is a rare condition in which a baby’s head circumference is

significantly less than expected based on the average for their age, sex, and ethnicity. This is
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a result of the brain failing to undergo proper embryonic development, and in 90% of cases is
associatcd with mental retardation (Rocha er al. (2016) Bull World Health Organ 8 Fcb.
20106).

There is a probable association between individuals having had a prior Zika virus
infection and the incidence of Guillain-Barré syndrome, a neurological disorder in which the
individual’s immunc system destroys the myclin sheath surrounding axons of the peripheral
nervous system (WHO “Zika Situation Report” February 5, 2016).

No specific treatments or vaccines for Zika virus currently exist, and the only
measures at this time to prevent infection are through vector control and avoiding travel to
regions experiencing outbreaks.

Described herein are Zika virus vaccines and compositions comprising inactivated
Zika virus that provide a safe method for generating an immune response to Zika virus,
including virus-ncutralizing antibodics, that may hclp prevent against Zika virus infection.

Any strain of Zika virus may be used in the methods and compositions described
herein. In some embodiments, the Zika virus is an isolate from an infected subject during a
Zika virus outbreak. In some embodiments, the Zika virus is a strain isolated from Africa or
from the African virus lincage. In some embodiments, the Zika virus is a strain isolated from
Asia or from the Asian lincage (includes also strains from French Polynesia). In some
embodiments, the Zika virus is a strain isolated from the Americas (South America, Central
America, or North America), such as a Suriname Zika virus strain. In some embodiments,
the Zika virus has a RNA genome corresponding (but not limited) to the DNA sequence
provided by GenBank Accession No. AY632535.2, KU321639.1, KU497555.1,
KU501215.1, KUS09998.1, KUS527068.1, KU681081.3, KU681082.3, KU707826.1,
KU744693.1, or LC002520.1 or RNA genome disclosed partially or fully herein (SEQ ID
NO: 2 to 69).

In some embodiments, the attenuated form of ChikV is derived from the LR2006-
OPY1 ChikV infectious clone (La Reunion isolate). In some embodiments, the attenuated
form of ChikV is the ASnsP3 mutant as described by Hallengérd et al. (Novel Attenuated
Chikungunya Vaccine Candidates Elicit Protective Immunity in C57BL/6 mice (2014)
Journal of Virology 88(5):2858—2866) or an immunogenic variant thereof. The immunogenic
variant of the A5SnsP3 ChikV mutant is herein defined as having at least 80% sequence

identity to the nucleotide sequence of the ASnsP3 mutant sequence, especially at least 81%,
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82%, 83%, 84%, 85%, 86%, 87%, 88% 89%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%,
98% or at lcast 99% scquence identity.

In some embodiments, the process of the invention results in an enrichment of
infectious virus particles from the crude harvest comprising infectious virus particles and
non-infectious virus particles and other virus products such that the enrichment of the
infectious virus particles is at lcast 50%, at Icast 60%, at lcast 70%, at lcast 80%, at Icast
90%, at least 95%, preferably at least 80%, especially 85% relative to the total virus particle
content of the crude harvest (a) comprising the virus particles and impurities.

In some embodiments, the residual impurity of the final virus preparation with respect
to all impurities in the crude harvest is less than 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
1%, preferably less than 5% as determined by SEC-HPLC (Size Exclusion Chromatography
— HPLC).

Anothcr aspect of this invention is the rcalization that by using an approach of a typc
of vaccine (i.e. the Japanese Encephalitis Vaccine (JEV) with tradename IXIARO®, sce
Srivastava A K. et al., 2001, Vaccine 19, 4557-4565, W099/11762) which the regulatory
agencies have seen and licensed before, it may be possible to very quickly develop a Zika or
Chikungunya vaccine and provide it to the subjects in need as soon as possible. The industrial
process as disclosed for IXTARO®, providing a very effective vaccine against JEV, had to be
complemented by further inventions disclosed herein in order to provide a more efficient
(higher yield) and safer (Iess or no protamine sulphate with its allergic potential) Zika vaccine
compared to the available JEV vaccine. A particular innovation of the herein disclosed
vaccines are their avoidance of any protamine salt (SEQ ID NO: 1) in the final drug
substance by introducing an improved sucrose gradient. Said sucrose gradient not only
allowed the separation of protamine sulphate but also allowed for a very effective
inactivation by formaldehyde and resulted in the case of Zika with over 90% yield with the
improved process disclosed herein vs about 35% yield with the published JEV process, see
experimental part for comparison).

Aspects of the disclosure relate to methods of producing a virus in Vero tissue culture
cells. Vero cells are a commonly used tissue culture cell line derived from the kidney of an
African green monkey. The Vero cells used in the methods described herein are the VERO
(WHO) cell line, obtained from the Health Protection Agency general cell collection under

catalogue number 88020401.
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Vero cells can be grown to confluent monolayers, for example in tissue culture flasks;
in suspension (on microcarricrs), for cxample in roller bottles; or in any other ccll culturce
system for viral production. In some embodiments, the Vero cells are grown in a bioreactor
for viral production. For plaque assays or plaque reduction neutralization test (PRNT), Vero
cells are grown in monolayers in tissue culture flasks, dishes, or wells of a plate. To infect
the Vero cclls with the virus, the culture medium is inoculated with virus and the cclls arc
incubated with the virus for a period of time. The cells may be washed after inoculation to
remove any virus that did not adsorb to the cells in a given amount of time.

The methods provided herein involve passaging the virus in Vero cells. As used
herein, the terms “passage” or “passaging” refer to infecting a population of Vero cells with
virus and subsequently inoculating a second population of Vero cells with virus produced by
infection of the first Vero cell population. In some embodiments, a portion of the culture
mcdium from the infected Vero cells (containing virus that was rclecased from the infected
cells) is used to inoculate a second population of Vero cells. This is referred to as one
passage or one round of passaging. The passaging may be performed serially, for example, a
portion of the culture medium from the infected second population of Vero cells is used to
inoculate a third population of Vero cells, and so on. In some embodiments, virus obtained
from a single plaque is used to inoculate another population of cells.

In some embodiments, the virus is passaged in Vero cells several times, such as at
least4,5,6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 times. In some embodiments, the virus is
passaged in Vero cells at least 4 times or 5 times. In some embodiments, the virus is
passaged in Vero cells at least 30 times. It is important that the virus population, i.e. the virus
sequences, stays as much as possible constant over said passaging. If adaption of the virus
occurs (i.e. appearance of mutated viruses in the original virus population), it is preferred that
said passages are not used in the context of manufacturing of said virus, e.g. for Zika it was
found that up to passage 3 and culturing to day 7 can be used without major shifts in virus
population, i.e. introduction of virus population with mutations. However this observation
need to be done for each virus strain and may be different.

In some embodiments, the Vero cells are incubated for at least 2 days after
inoculation with the virus at e.g. a typical 0,01 MOI (multiplicity of infection), to allow for

viral production, prior to passaging. In some embodiments, the Vero cells are incubated for
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at least 3,4, 5, 6,7, 8,9, 10 or more than 10 days e.g. at least 7 days after inoculation with
the virus prior to passaging. The number of days the Vero cclls arc incubated after viral
inoculation may depend on factors such as the multiplicity of infection used to inoculate the
cells and the viral titer desired in the culture medium. Serial passaging of the virus in Vero
cells may result in generation of a Vero cell adapted virus strain.

The culture medium from the infected Vero cells may be harvested (collected) to
obtain the virus. In some embodiments, the culture medium is harvested from infected Vero
cells and is replaced with fresh culture medium, which is then harvested after another period
of time. In some embodiments, the culture medium harvested from infected Vero cells is
pooled from independent Vero cell cultures and/or from independent days. Harvesting can be
repeated up to 4 times by 7 or 9 days post infection, for example, and result in a high yield of
virus per unit cell culture. In order to minimize the adoption of Zika virus strain to Vero cells,
it was found that Vcro ccll could be incubated for at Icast 7 days, morc preferably 5 days,
prior to passaging and subsequently supernatants could be harvested at days 2, 3, 5 and 7 or
2,3, and 5 (see also experimental part). The harvested culture medium can be stored at +4°C
prior to purification of the virus from the culture medium up to 2 weeks.

In some embodiments, debris from infected and lysed Vero cells may be removed
from the harvested culture medium, referred to as a “clarification” of the culture medium.
The harvested culture medium may be clarified by common methods known in the art, such
as low-speed centrifugation, for example, at 1500 g for 10 min, and/or by filtration through a
filter of pore size 0of 0.45 pm. The harvested culture medium can be stored at +4°C prior to
concentration.

To concentrate the titer of the virus in the harvested culture medium, it may be
subjected to concentration by any method known in the art. For example, the harvested
culture medium may be concentrated by methods including, without limitation, ultrafiltration,
ultracentrifugation, centrifugal concentrator, vacuum centrifugation, and lyophilization. In
some embodiments, the harvested culture medium is concentrated by ultrafiltration and the
retentate containing the Zika virus is collected. In some embodiments, the harvested culture
medium is concentrated by precipitation in which polyethylene glycol (PEG) 8000 is
dissolved in the culture medium (up to 10%) and the precipitate is dissolved in a buffer, for

example phosphate-buffered saline (PBS, pH 7.0).
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The harvested culture medium may be precipitated to produce a virus supernatant. In
somc cmbodiments, the harvested culturc medium is precipitated to remove Vero ccll DNA
and other undesired material, such as Vero cell debris, from the harvested culture medium. In
some embodiments, the harvested culture medium is concentrated prior to precipitation. In
some embodiments, the harvested culture medium is precipitated by adding protamine sulfate
(c.g. SEQ ID NO: 1) to the harvested culturc medium and incubating the mixture, for
example at +4°C or on ice. In some embodiments, the harvested culture medium is treated
with benzonase to remove Vero cell DNA and other undesired material, such as Vero cell
debris, from the harvested culture medium. However, it was found that the treatment with
protamine sulfate is preferred (see experimental part). In some embodiments, the precipitated
culture medium is centrifuged to collect precipitated material and the supernatant containing
the virus, referred to as a “virus supernatant,” is collected.

The virus supcrnatant may be further purificd after precipitation, for cxample density
gradient ultracentrifugation. In some embodiments, the virus supernatant is further purified
by sucrose gradient. Fractions may be collected from the sucrose gradients and assayed for
presence of the virus. Methods for assaying for virus positive fractions include plaque assay,
hemagglutination assay, polyacrylamide gel electrophoresis, and antigen assays such as
Western blotting and ELISA’s. The fractions containing virus may be pooled based on titer
of the virus and level of other impurities. The level or amount of impurities present in the
virus supernatant can be estimated by testing for Vero cell DNA, virus aggregates and/or
Vero cell protein (see experimental part). A particular embodiment of the invention is the
improved sucrose gradient that allows for an efficient protamine separation as shown in
experimental part. It was surprisingly found that addition of a 10% sucrose virus containing
fraction to a simple three layer sucrose density gradient (e.g. a gradient comprising a 15%
(w/w) sucrose solution, a 35% (w/w) sucrose solution, and a 50% (w/w) sucrose solution)
was able to efficiently separate protamine sulphate without much loss of virus. Thus a
particularly preferred embodiment of the invention is the use of a sucrose density gradient
that is able to efficiently separate protamine sulphate, wherein said sucrose density gradient is
used in the purification of virus such as the viruses described herein, e.g. a Zika virus, Yellow
Fever virus or Chikungunya virus.

To achieve a safe vaccine or composition for the administration to subjects, the virus

supernatant may be inactivated (see experimental part for Zika virus). As used herein, the
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terms “inactivated” and “optimally inactivated”” may be used interchangeably and refer to a
process (or its result) by which the virus is rendered unable to infect a host cell (non-
infectious), but that does not affect or substantially affect the antigenicity of the virus, for
example, the immunogenic antigens exposed on the surtace of the virus are able to stimulate
an immune response in a subject (e.g., antigen-gspecific antibodies). By “does not affect or
substantially affcct the antigenicity of the virus” is mcant that the inactivated virus retains at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
even essentially 100% of the antigenicity of a virus that is not subjected to inactivation.

A variety of methods are known in the art for inactivating viruses. In some
embodiments, the virus is inactivated by chemical inactivation, thermal inactivation, pH
inactivation, or UV inactivation.

In some ecmbodiments, the inactivating is by chemical inactivation and involves
contacting the virus with one or more chemical inactivation agent for a period of time under
conditions such that the virus is inactivated but the antigenic epitopes are substantially intact.
In some embodiments, the virus is inactivated for a period of time that is longer than is
required to completely inactivate the virus. In some embodiments, the virus supernatant is
inactivated for the number of days required to inactivate the virus plus at least one additional
day. Samples of the virus supernatant may be taken at one or more times throughout the
inactivation process and assessed for viral viability (infectivity) by any method known in the
art, such as by infecting a monolayer of host cells (i.e., plaque assay). Using such a
procedure, the period of time that is required to completely inactivate the virus can be
determined, and a longer period of time is selected to ensure complete inactivation.

In some embodiments, the virus is contacted with a chemical inactivation agent for
between | day and 50 days, between 2 days and 40 days, between 2 days and 30 days,
between 2 days and 20 days, between 2 days and 10 days, between 3 days and 9 days,
between 4 days and 8 days, between 5 days and 7 days, between 2 days and 5 days, or
between 5 and 10 days. In some embodiments, the virus is contacted with one or more
chemical inactivation agents for at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days,
8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 15 days, 16 days, 17 days, 18
days, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days, 25 days, 26 days, 27 days, 28
days, 29 days, 30 days, 31 days, 32 days, 33 days, 34 days, 35 days, 36 days, 37 days, 38
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days, 39 days, 40 days, 41 days, 42 days, 43 days, 44 days, 45 days, 46 days, 47 days, 48
days, 49 days, or at Icast 50 days.

In some embodiments, the chemical inactivation is performed at about +5°C, +10°C,
+15°C, +20°C, +25°C, +30°C, +35°C, +40°C, or about +45°C. In some embodiments, the
chemical inactivation is performed at about +4°C. In some embodiments, the chemical
inactivation is pcerformed at about +22°C.

Any chemical inactivation agent known in the art may be suitable for inactivating the
virus in the methods described herein. It will be appreciated by one of skill in the art that
factors such as the chemical inactivation agent and the temperature at which inactivation is
performed may affect the length of time (number of days) required to completely inactivate
the virus. Examples of chemical inactivation agents include, without limitation,
formaldehyde, enzymes, B-propiolactone, ethanol, trifluroacetic acid, acetonitrile, bleach,
urca, guanidinc hydrochloride, tri-n-butyl phosphatc, cthylenc-imince or a derivatives thereof,
and organic solvents such as Tween, Triton, sodium deoxycholate, and sulphohetain. A
preferred inactivation is the inactivation with formaldehyde at 22°C +/-2°C for about 10 days.

In some embodiments, the inactivating agent is neutralized after chemical inactivation
of the virus. In some embodiments, the inactivating agent is formaldehyde and is neutralized
after chemical inactivation using sodium thiosulphate or sodium metabisulfite.

In some embodiments, the virus is inactivated by thermal inactivation. In some
embodiments, the thermal inactivation involves exposing the virus to heat, such as dry heat or
vapor heat, for a period of time. In some embodiments, the thermal inactivation involves
exposing the virus to temperatures of about +40°C, +45°C, +50°C, +55°C, +60°C, +65°C,
+70°C, +75°C, +80°C, +85°C, +90°C,+ 95°C, or about +100°C. In some embodiments, the
virus is exposed to heat for at least 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11
hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20
hours, 21 hours, 22 hours, 23 hours, 24 hours, 36 hours, 48 hours, 60 hours, 72 hours, 84
hours, about 96 hours, or longer. A preferred thermal inactivation involves exposing the
virus to temperatures of about +56°C for 60 minutes.

In some embodiments, the virus is inactivated by exposing the virus to acidic or
alkaline conditions for a period of time such that the virus is completely inactivated. The pH
of a virus preparation may be adjusted to a desired pH, for example by the addition of an
acid, a base, or a buffer with a particular pH to the virus preparation. In some embodiments,
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the virus is inactivated at an acidic pH of about 2, 2.5, 3, 3.5, 4, 4.5, § or about 5.5. In other
cmbodiments, the virus is inactivated at an alkalinc pH of about 8, 8.5, 9, 9.5, 10, or about
10.5.

In some embodiments, the virus is inactivated using UV inactivation. UV inactivation
involves exposing the virus to energy-rich radiation, such as UV-A, UV-B, or UV-C light for
a period of time.

It will be appreciated that any two or more methods of inactivation may be combined
and performed concurrently or serially.

The inactivated virus may be subsequently dialyzed to remove any undesired material,
including the inactivating agent and any neutralizing agent, and/or to replace the buffer with a
buffer that is pharmaceutically acceptable for administration to subjects. In some
embodiments, the inactivated virus is dialyzed with PBS. In addition or alternatively, the
inactivated virus may be filtered, such as sterile filtered, through a 0.22 um filter.

It is believed that the herein described improved process (comprising the PS treatment
in combination with the optimized sucrose gradient) is applicable and efficient to any virus
purification and in particular efficient for any RNA type virus (such as the herein described
Zika and Chikungunya and yellow fever viruses) of similar size (i.e. about 50 to 100 nm).
Furthermore, it is believed that the combination of the PS treatment with the optimized
sucrose gradient (allowing for a complete (or almost complete) separation of S provides a
very efficient virus purification in the very high range, e.g. above 70%, more preferably 75%,
80% or 90%, even more preferably 95%. It is believed that the complete reduction of PS in
the virus fraction through the process of the invention allows a very efficient inactivation
with almost no or very low viral loss e.g. below 30%, more preferably less than 25%, 20% or
10% loss, even more preferably less than 15% loss.

Any of the methods or uses described herein may be for the prevention of a virus
infection in a subject. As used herein, the terms “prevent,” and “preventing,” include the
administration of a virus vaccine or composition to a subject to reduce, or delay the onset of
the manifestation of clinical or subclinical symptoms, complications, pathologies or
biochemical indicia of a disease or infection, or to reduce or inhibit the spread/transmission
of the virus. As used herein, antigen(s), such as an inactivated virus, that is administered to a

subject prophylactically (e.g., prior to infection) may be referred to as a vaccine.
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Zika Vaccine

As described hercin Zika virus may causc any of a varicty of symptoms upon
infection of a subject, and is generally characterized by mild fever; rash (exanthema) on face,
neck trunk, upper arms; headache; sensitivity to light; non-inflammatory joint pain;
conjunctivitis; lack of appetite; diarrhea; abdominal pain; and/or dizziness. Zika virus
infection during pregnancy is likely associated with microcephaly in the fetus/nconate. There
is also a probable association between the onset of Guillain-Barré syndrome or symptoms
thereof. Diagnosis of Zika virus infection in subjects exposed to Zika virus or suspected of
being exposed to Zika virus involves detecting the presence of virus-specific antibodies
and/or molecular testing, such as PCR or real-time PCR detection of Zika virus.

Provided herein are methods for administering a dose of a therapeutically effective
amount of a Zika virus vaccine to a subject in need thereof. In some embodiments, the
subjcct is a mammalian subjcct, such as a human, non-human primate, rodent, rabbit, sheep,
dog, cat, horse, or cow. In some embodiments, the subject is a mouse. In some
embodiments, the subject is a human subject, such as a child, an adult, or an elderly adult. In
some embodiments, the subject is a female subject. In some embodiments, the subject is
pregnant or planning on becoming pregnant. In some embodiments, the subject is at risk of
being exposed to Zika virus. In some embodiments, the subject 1s living in or traveling to an
area where Zika virus is present or is thought to be present. In some embodiments, the
subject is living in or traveling to an area that is experiencing a Zika virus infection outbreak.
In some embodiments, the subject is living in or traveling to an area where an arthropod
vector capable of transmitting the Zika virus vector is present or is thought to be present.

Any of the Zika virus vaccines or compositions described herein may be administered
to a subject in a therapeutically effective amount or a dose of a therapeutically effective
amount. As used herein, a “therapeutically effective amount” of vaccine is any amount that
results in a desired response or outcome in a subject, such as those described herein,
including but not limited to prevention of infection, an immune response or an enhanced
immune response to Zika virus, or prevention or reduction of symptoms associated with Zika
disease.

In some embodiments, the therapeutically effective amount of a Zika virus vaccine or
composition described herein is an amount sufficient to generate antigen-specific antibodies
(e.g., anti-Zika virus antibodies). In some embodiments, the therapeutically effective amount
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is sufficient to seroconvert a subject with at least 70% probability. In some embodiments, the
therapcutically cffcctive amount is sufficient to scroconvert a subject with at Ieast 75%, 80%,
85% 90%, 95%, 96%, 97%, 98%, or at least 99% probability. Whether a subject has been
seroconverted can be assessed by any method known in the art, such as obtaining a serum
sample from the subject and performing an assay to detect anti-Zika virus antibodies. In
somc cmbodiments, a subject is scroconverted if a scrum sample from the subject contains an
amount of anti-Zika virus antibodies that surpasses a threshold or predetermined baseline. A
subject is generally considered seroconverted if there is at least a 4-fold increase in anti-Zika
virus antibodies (i.e., anti-Zika E protein IgG antibodies) present in a serum sample from the
subject as compared to a serum sample previously taken from the same subject.

In some embodiments, seroconversion of a subject is assessed by performing a plaque
reduction neutralization test (PRNT). Briefly, PRNT is used to determine the serum titer
required to reduce the number of Zika virus plaquces by 50% (PRNTS50) as compared to a
control serum/antibody. The PRNTS0 may be carried out using monolayers of Vero cells or
any other cell type/line that can be infected with Zika virus. Sera from subjects are diluted
and incubated with live, non-inactivated Zika virus. The serum/virus mixture may be applied
to the Vero cells and incubated for a period of time. Plaques formed on the Vero cell
monolayers are counted and compared to the number of plaques formed by the Zika virus in
the absence of serum or a control antibody. A threshold of neutralizing antibodies of 1:10
dilution of serum in a PRNTS50 is generally accepted as evidence of protection (Hombach et.
al. Vaccine (2005) 23:5205-5211).

In some embodiments, the Zika virus may be formulated for administration in a
composition, such as a pharmaceutical composition. The term “pharmaceutical composition”
as used herein means a product that results from the mixing or combining of at least one
active ingredient, such as an inactivated Zika virus, and one or more inactive ingredients,
which may include one or more pharmaceutically acceptable excipient.

Pharmaceutical compositions of the invention, including vaccines, can be prepared in
accordance with methods well known and routinely practiced in the art (see e.g., Remington:
The Science and Practice of Pharmacy, Mack Publishing Co. 20th ed. 2000; and Ingredients
of Vaccines — Fact Sheet from the Centers for Disease Control and Prevention, e.g., adjuvants
and enhancers such as alum to help the vaccine improve its work, preservatives and

stabilizers to help the vaccine remain unchanged (e.g., albumin, phenols, glycine)).
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Pharmaceutical compositions are preferably manufactured under GMP conditions. Typically
a therapcutically cffective dosc of the inactivated Zika virus preparation is cmploycd in the
pharmaceutical composition of the invention. The inactivated Zika virus is formulated into
pharmaceutically acceptable dosage forms by conventional methods known to those of skill
in the art. Dosage regimens are adjusted to provide the optimum desired response (e.g., the
prophylactic responsc).

Dosages of the active ingredients in the pharmaceutical compositions of the present
invention can be varied so as to obtain an amount of the active ingredient which is effective
to achieve the desired pharmaceutical response for a particular subject, composition, and
mode of administration, without being toxic to the subject. The selected dosage level
depends upon a variety of pharmacokinetic factors including the activity of the particular
compositions of the present invention employed, the route of administration, the time of
administration, the ratc of cxcrction of the particular compound being cmployed, the duration
of the treatment, other drugs, compounds and/or materials used in combination with the
particular compositions employed, the age, sex, weight, condition, general health and prior
medical history of the subject being treated, and like factors.

A physician, veterinarian or other trained practitioner, can start doses of the
inactivated Zika virus vaccine employed in the pharmaceutical composition at levels lower
than that required to achieve the desired therapeutic effect and gradually increase the dosage
until the desired effect (e.g., production of anti-Zika virus antibodies) is achieved. In general,
effective doses of the compositions of the present invention, for the prophylactic treatment of
groups of people as described herein vary depending upon many different factors, including
means of administration, target site, physiological state of the patient, whether the patient is
human or an animal, other medications administered, and the titer of anti-Zika virus
antibodies desired. Dosages need to be titrated to optimize safety and efficacy. In some
embodiments, the dosing regimen entails subcutancous or intramuscular administration of a
dose of inactivated Zika virus twice, once at day 0 and once at about day 7. In some
embodiments, the dosing regimen entails subcutaneous administration of a dose of
inactivated Zika virus twice, once at day 0 and once at about day 14. In some embodiments,
the dosing regimen entails subcutanecus administration of a dose of inactivated Zika virus
twice, once at day 0 and once at about day 28. In some embodiments, the inactivated Zika

virus is administered to the subject once.
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Any of the Zika virus vaccines or compositions described herein may be administered
to a subjcct with, prior to, or aftcr administration of onc or morc adjuvants. An adjuvant is a
molecule that enhances a response in a subject, such as an immune response, to an antigen or
other molecule. In some embodiments, an adjuvant may stabilize an antigen or other
molecule. Determining whether a Zika virus vacecine or compositions thereof are
administcred with an adjuvant depends on various factors (c.g., typc and cxtent of responsce
desired) and will be evident to one of skill in the art. In some embodiments, administering
any of the Zika virus vaccines or compositions described herein with, prior to, or after
administration of an adjuvant may enhance the production of virus neutralizing (anti-Zika
virus) antibodies. In some embodiments, a subject that i1s administered any of the Zika virus
vaccines or compositions described herein with, prior to, or after administration of an
adjuvant may only require a single administration of the Zika virus vaccine or composition to
be scroconverted (producc a level of anti-Zika virus antibodics). Examples of adjuvants may
include, without limitation, aluminium salt (aluminium hydroxide or aluminium phosphate),
calcium phosphate hydroxide, paraffin oil, killed bacteria, bacterial toxins, toxoids, subunits
of bacteria, squalene, thimerosal, detergents, IL-1, 1L-2, IL-12, 2-component adjuvants, such
as 2-component adjuvants containing an antibacterial peptide and a TLR9 agonist (e.g.,
IC31®), and combinations such as Freund's complete adjuvant and Freund's incomplete
adjuvant. In some embodiments, the Zika virus vaccines or compositions is administered
with aluminium hydroxide. In some embodiments, the inactivated Zika virus vaccine or
composition is administered with aluminium phosphate salt. A preferred aluminium salt is the
aluminium hydroxide with reduced Cu content, e.g. lower than 1,25ppb based on the weight
of the Zika composition, an adjuvant described in detail in WO 2013/083726 or Schlegl et al.,
Vaccine 33 (2015) 5989-5996.

In some embodiments, the adjuvant is comprised of two components. In some
embodiments, the 2-component adjuvant comprises an antibacterial peptide and a TLR9
agonist. In some embodiments, the antibacterial peptide is provided by the amino acid
sequence KLKLsKLK (SEQ ID NO: 70). In some embodiments, the TLR9 agonist is a
deoxyinosine-containing immunostimulatory oligodeoxynucleic acid molecule (I-ODN). In
some embodiments, the I-ODN comprises the nucleic acid sequence (dIdC);3 (SEQ ID NO:
69). In some embodiments, the adjuvant is IC31®. In some embodiments, the adjuvant is in
nanoparticle form (See, e.g., US Patent No. 8,765,148 B2, incorporated by reference in its
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entirety). In some embodiments, the adjuvant is IC31®, i.e. KLKLsKLK (SEQ ID NO: 71)
and the nuclcic acid scquence (dIdC),; (SEQ ID NO: 72), in combination with an aluminium
salt such as aluminium hydroxide.

The Zika virus vaccines or compositions described herein may be administered to a
subject concomitantly with one or more vaccine to another infectious agent, such as another
infectious agent is that present or thought to be present in the same geographic arca as Zika
virus. In some embodiments, the other infectious agent is one that the subject is also at risk
of being in contact with. In some embodiments, the other infectious agent is transmitted by
the same arthropod vector as Zika virus. In some embodiments, the other infectious agent is
Japanese Encephalitis virus, Yellow Fever virus, Dengue virus and/or Chikungunya virus.

Also within the scope of the present disclosure are kits for use in prophylactically
administering to a subject, for example to prevent or reduce the severity of Zika virus
infection. Such kits can includc onc or morc containers comprising a composition containing
inactivated Zika virus, such as an inactivated Zika virus vaccine. In some embodiments, the
kit may further include one or more additional containing comprising a second composition,
such as a second vaccine. In some embodiments, the second vaccine is a vaccine for another
arbovirus. In some embodiments, the second vaccine is a Dengue virus vaccine and/or a
Chikungunya virus vaccine.

In some embodiments, the kit can comprise instructions for use in accordance with
any of the methods described herein. The included instructions can comprise a description of
administration of the composition containing inactivated Zika virus to prevent, delay the
onset, or reduce the severity of Zika virus infection. The kit may further comprise a
description of selecting a subject suitable for administration based on identifying whether that
subject is at risk for exposure to Zika virus or contracting a Zika virus infection. In still other
embodiments, the instructions comprise a description of administering a composition
containing inactivated Zika virus to a subject at risk of exposure to Zika virus or contracting
Zika virus infection.

The instructions relating to the use of the composition containing inactivated Zika
virus generally include information as to the dosage, dosing schedule, and route of
administration for the intended treatment. The containers may be unit doses, bulk packages

(e.g., multi-dose packages) or sub-unit doses. Instructions supplied in the kits of the
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invention are typically written instructions on a label or package insert (e.g., a paper sheet
included in the kit), but machinc rcadable instructions arc also acceptable.

The kits of the present disclosure are in suitable packaging. Suitable packaging
includes, but is not limited to, vials, bottles, jars, flexible packaging, and the like. Also
contemplated are packages for use in combination with a specific device, such as a syringe or
an infusion device. The container may have a sterile access port, for cxample the container
may be a vial having a stopper pierceable by a hypodermic injection needle. At least one

active agent in the composition is an inactivated Zika virus, as described herein.

This invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being practiced or of being
carricd out in various ways. Also, the phrascology and terminology uscd herein is for the

purpose of description and should not be regarded as limiting. The use of “including,”

9 Cc LT

“comprising,” or “having,” “containing,” “involving,” and variations thercof herein, is meant
to encompass the items listed thereafter and equivalents thercof as well as additional items.

Unless otherwise defined herein, scientific and technical terms used in connection
with the present disclosure shall have the meanings that are commonly understood by those
of ordinary skill in the art. Further, unless otherwise required by context, singular terms shall
include pluralities and plural terms hall include the singular. The methods and techniques of
the present disclosure are generally performed according to conventional methods well-
known in the art. Generally, nomenclatures used in connection with, and techniques of
biochemistry, enzymology, molecular and cellular biology, microbiclogy, virology, cell or
tissue culture, genetics and protein and nucleic chemistry described herein are those well-
known and commonly used in the art. The methods and techniques of the present disclosure
are generally performed according to conventional methods well known in the art and as
described in various general and more specific references that are cited and discussed
throughout the present specification unless otherwise indicated.

The present invention is further illustrated by the following examples, which in no
way should be construed as further limiting. The entire contents of all of the references
(including literature references, issued patents, published patent applications, and co-pending

patent applications) cited throughout this application are hereby expressly incorporated by
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reference, in particular for the teaching that is referenced hereinabove. However, the citation

of any rcference is not intended to be an admission that the reference is prior art.

SEQUENCES
The amino acid sequence of a typical form of protamine is provided by SEQ ID NO: 1:
PRRRRSSSRP VRRRRRPRVS RRRRRRGGRR RR.

Provided below are examples of nucleic acid sequences of the genomes of Zika viruses that

may be used in the methods, compositions, and/or vaccines described herein.

KU321639.1 Zika virus strain ZikaSPH2015, Brazil, complete genome (SEQ ID NO: 2)

GTTGTTACTGTTGCTGACTCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCA
ACAGGTTTTATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGG
AGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAA
GAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGUGTCTTGGCAATTCTAGCCTT
TTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAA
AAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAAT
GCTAGGAAGGAGAAGAAGAGACGGGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGAC
CACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACG
ATGCTGGGGAGGCCATATCITITCCAACCACATIGGGGATGAATAAGTIGTITATATACAGATCATGG
ATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAA
CCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCAC
AAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCT
GCAAACGCGUTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAA
ATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCT
CAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGT
GCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATATTGTCT
TGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTT
ACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACAT
GGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAAT
ATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGG
AGTCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGA
GAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGA
CACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCC
GAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTITGACTTT
TCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGAC
ATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACT
GGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAG
CAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCC
TCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTG
TGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGA
GGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAA
CTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTA
AGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAG
AAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAG
AGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTC
TCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTITTGGAGGAA
TGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATG
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GATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCTGC
TGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCT
ATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCA
GCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAA
CATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGA
CGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTG
AACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGCACTTCGTCAGAGCAGCAAAGACAAA
TAACAGCTTIGTCGTGGATGGIGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACA
GCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAG
ATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACA
GTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG
ATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGA
GTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACA
GGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTITGAGGAATGCCCAGGC
ACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAG
CGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTA
AAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAG
GTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCT
GCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTG
ATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCTGCTGGCCTTGGCCTCGTGTCTTTITGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGAT
GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAT
AACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
AGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGGCTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCG
ATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGUGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCA
GCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGA
CAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATC
CTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTA
TGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTC
AATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACAC
CGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATTATTCTGGAA
AAACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCT
GGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCA
AGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGT
CATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAA
CCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCT
TGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACC
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TGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACC
TTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGA
ATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAG
TGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGAC
GCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGG
AGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGG
AAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCG
GCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTIGGGGTTGCTIGGGAACAGICICGLTIG
GGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTT
GGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATT
GTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAAC
CAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGA
TGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCA
TGGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAA
CTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGA
TGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTG
GAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCA
TTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCC
AGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATT

CGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAG
CCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCAC
TGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACG
CTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCG
CTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAG
AGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAA
GTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTT
GGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGG
ATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAG
TCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTG
ACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATG
GTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAG
CACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCAC
TCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGT
GTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGA
GGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGA
AGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAG
AACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTC
CTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGG
AATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTA
GGGTGCCAGACCCCCAAGAAGGTACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAG
AGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGC
AATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGA
ACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCA
GAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTC
TTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACA
CTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTC
GGAATATGGAGGCTGAGGAAGTCCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAA
GTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGA
TTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCG
TTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGC
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CACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGAC
TGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCG
ACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTG
GTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGT
GGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTAT
TTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGC
TGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGG
ACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCIGGAGTGCIGTAAGCAC
CAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCC
CCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGC
CATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGG
ATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGT
GGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGA

KU497555.1 Zika virus isolate Brazil-ZKV2015, Brazil, complete genome (SEQ ID NO: 3)

CCAATCTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGG
TTTTATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGAT
TCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGG
CTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCTTTTITG
AGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAGA
GGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCCA
GGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATCGTTGGCCTCCTGCTGACCACA
GCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACGATGC
TGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCT
TGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAG
ATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAA
AAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAA
ACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAAATTG
GATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCTCAAC
GAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCAT
AGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTGGA
ACATGGGGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAA
CAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACATGGCT
TCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGT
CTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGCC
TGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAAT
CTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGACACA
GGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCCGAAG
CCACCCTGGGGGGTTTTGGAAGCTTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTITCAG
ATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTC
CATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTA
GAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGACTCAAGAAGGAGCAGT
TCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCCTCTG
GCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTGTA
CCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTA
CAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCT
GACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGA
TGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAGAAG
ATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGG
TGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCA
ACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGT
CCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATGGAT
CTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCTGCTGA
TGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGTGGTACAGGGGTGTTCGTCTATA
ACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCTCCCCGTAGATTGGCAGCA
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GCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAACAT
CATGTGGAGATCAGTAGAAGGGGAGCTTAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGG
TCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTGAAC
GAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAA
CAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCT
TTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATT
ATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAGT
GATCTAGGCTACIGGATIGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCIGAT
CGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGT
GATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAG
GACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCA
CTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAGC
GGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTAA
AGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGG
TCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCTG
CTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGC
AGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTGAT
GGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCAT
TCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCA
TGCTGCTGGCCTTGGCCTCGTGTTTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGT
TCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGACAA
CATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGGAG
AGCAGGCCTTGCTACTTGCGGGGGGTTITATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGA
AGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGG
TGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCT
GTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCAT
GGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATTGA
AAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGAT
GTGGCGCTAGATGAGAGTGGTGACTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGAT
CATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCTGG
AGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCA
AGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGG
TTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAA
AAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGAT
CTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCAGCT
CTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGACAA
AGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTA
GACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATAAAAAATGGGAGTTATGT
TAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGC
TGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTTCTT
CCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTT
GTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAA
TGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACT
ACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTC
AAGCATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTTCA
TGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCG
AAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAA
ACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGG
AAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAG
AGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGTCA
TAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGACCC
ATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACC
TGGAGATGAGTACCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTG
AAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACCTG
AGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTT
TGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAAT
AACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTG
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TGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGC
CAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGGAG
CGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGGAA
GCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGC
GGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGG
AATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGG
GGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATTGT
TGIGTTCCTATIGCTGGTGGTGCICATACCIGAGCCAGAAAAGCAAAGATCTCCCCAGGACAACCA
AATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATG
GTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATA
GGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAACT
TTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGATG
GCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTGGA
GTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATT
TTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAG
AAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATTGA
CACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGCCG
TCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGETGGGEGGGAGGCTGGGGECCCTGATCACAGCC
GCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTG
TGTAACATTITTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCT
GGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCT
TGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGA
GAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAG
TGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTG
GATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGA
TACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAGT
CCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTGA
CATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGT
GGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGCATAAAAGTGTTGTGCCCATACACCAGCA
CTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTC
TCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGTGT
GTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGCACGGGCCTAGGAGGCCAGTGAAATATGAGG
AGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAG
ATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTITCTITGACGAAAA
CCACCCATATAGGACATGGGCTTACCATGGAAGCTATGTGGCCCCCACACAAGGGTCAGCGTCCTC
TCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAA
TAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTAGG
GTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAG
CTAGGCAAACACAAACGACCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAA
TGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAAC
GATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCAGA
GTTGTGTGTACAACATGATGGGAAAAAGCGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAGGG
CAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTT
GAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAA
AGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACAC
TGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAAA
TGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGTA
AAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAAG
GGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCG
GAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAAG
TGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGAT
TGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAAA
GTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTT
TTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCA

CTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTITCCACAGAAGGGACCTCCGAC
TGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGT
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CAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGTGG
ATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATTT
GGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTG
AGAACATTAAAAATACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGAC
TACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTGAGCACCA
ATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCT
CCAGGAGAAGCTGGGTAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCA
TGCTGCCIGTGAGCCCCICAGAGGACACTGAGICAAAAAACCCCACGCGCTIGGAGGCGCAGGAT
GGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGG
ATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACG
CTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAATA
GCGGCGGCCGOGTGTGGGGAAATCCA

KU501215.1 Zika virus strain PRVABCS59, Puerto Rico, complete genome (SEQ ID NO: 4)

GTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCA
ACAGGTTTTATTITTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCG
GAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGA
AGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCT
TTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAA
AAGAGGCTATGGAAACAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAAT
GCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGAC
CACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACG
ATGCTGGGGAGGCCATATCTTTITCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGG
ATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAA
CCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCAC
AAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACCAGGAAGCT
GCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAA
ATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCT
CAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGT
GCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTT
ACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACAT
GGCTTCTGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAAT
ATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGG
AGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGA
GAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGA
CACAGGACATGAAACTGATGAGAATAGAGCGAAAGTTGAGATAACGCCCAATTCACCGAGAGCC
GAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTT
TCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGAC
ATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACT
GGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAG
CAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCC
TCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTG
TGTACTGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGA
GGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAA
CTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTA
AGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAG
AAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAG
AGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTC
TCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTITTGGAGGAA
TGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATG
GATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCTGC
TGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCT
ATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCA
GCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAA
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CATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGA
CGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTG
AACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTATTTCGTCAGAGCAGCAAAGACAAA
TAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACA
GCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAG
ATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACA
GTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG
ATCGAGATGAAAACATGTGAATGGCCAAAGTICCCACACATIGIGGACAGATGGAATAGAAGAGA
GTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACA
GGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGC
ACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAG
CGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTA
AAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAG
GTCAATGGTGACTGCAGGATCAACTGATCACATGGACCACTTCTCCCTTGGAGTGCTTGTGATCCT
GCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTG
ATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGAT
GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAT
AACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
AGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCG
ATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGATGGGCACAGCGAGGTGCA
GCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGA
CAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATC
CTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAACGGGAGTTA
TGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCCTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAGGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTC
AATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACAC
CGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAA
AAACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCT
GGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCA
AGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGT
CATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAA
CCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCT
TGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACC
TGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACC
TTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGA
ATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAG
TGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGAC
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GCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGG
AGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGG
AAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCG
GCGGCCCAATTGCCGGAGACCCTAGAGACCATAATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTG
GGAATCTTCTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTT
GGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATT
GTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAAC
CAAATGGCAATCATCATCATGGTAGCAGTAGGICTITCIGGGCTTGATTACCGCCAATGAACTCGGA
TGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCA
TAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAA
CTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACCTCATACAACAACTACTCCTTAATGGCGA
TGGCCACGCAAGCTGCGAGTGTTGTTTGGCATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTG
GAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCA
TTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCC
AGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATT
GACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGC
CGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCTCTGATCACAG
CCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCAC
TGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACG
CTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCG
CTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAG
AGAAGAGGCCCGCCGCGCLCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAA
GTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTT
GGATGTGGCAGAGGGGGCTGGAGTTACTACGTCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGG
ATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAG
TCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTG
ACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATG
GTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAG
CACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCAC
TCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGT
GTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGA
GGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGOGTAAGCTGCGCTGAAGCTCCCAACATGA
AGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAG
AACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTC
CTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGG
AATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTA
GGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAG
AGCTAGGCAAACACAAACGGCCACGAGTCTGCACCAAAGAAGAGTTCATCAACAAGGTTCGTAGC
AATGCAGCATTAGGGGCAATATTITGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGA
ACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCA
GAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTC
TTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGTATACCAGGAGGAAGGATGTATGCAGATGACA
CTGCTGGCTGGGACACCCGCATTAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTC
GGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAA
GTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGA
TTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCG
TTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGC
CACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGAC
TGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCG
ACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTG
GTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGT
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GGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTAT
TTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGC
TGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGG
ACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCAC
CAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCC
CCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGC
CATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGG
ATGGGAAAAGAAGGTGGCGACCTICCCCACCCTITCAATCTGGGGCCTGAACTGGAGATCAGCTIGT
GGATCTCCAGAAGAGGGACTAGTGGTTAGAGGA

KU3509998.1 Zika virus strain Haiti/1225/2014, Haiti, complete genome (SEQ 1D NO: 5)

GTTGTTACTGTTGCTGACTCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCA
ACAGGTTTTATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGG
AGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAA
GAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCAATTCTAGCCTT
TITTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAA
AAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAAT
GCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGAC
CACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACG
ATGCTGGGGAGGCCATATCTTITCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGG
ATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAA
CCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCAC
AAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCT
GCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAA
ATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCT
CAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGT
GCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTT
ACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACAT
GGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAAT
ATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGG
AGTCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGA
GAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGA
CACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCC
GAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTT
TCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGAC
ATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACT
GGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAG
CAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCC
TCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTG
TGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGA
GGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAA
CTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTA
AGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAG
AAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAG
AGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTC
TCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAA
TGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATG
GATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCTGC
TGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCT
ATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCA
GCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTITCAAGAATGGAAAA
CATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGA
CGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTG
AACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGCACTTCGTCAGAGCAGCAAAGACAAA
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TAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACA
GCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAG
ATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACA
GTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG
ATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGA
GTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACA
GGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTCGAAATTCGGTTTGAGGAATGCCCAGGC
ACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCICTGAGATCAACCACIGCAAG
CGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTA
AAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAG
GTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCT
GCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTG
ATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCTGCTGGCCTTGGCCTCGTGTCTTITGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGAT
GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAT
AACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
AGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGGCTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCG
ATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTITCACACTATGTGGCACGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCA
GCTCTTGGCCUGTGCCCCCCGUGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGA
CAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATC
CTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTA
TGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTC
AATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACAC
CGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATTATTCTGGAA
AAACAGTTTGGTTTGTTCCAAGCGTOGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCT
GGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCA
AGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGT
CATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAA
CCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCT
TGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACC
TGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACC
TTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGA
ATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAG
TGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGAC
GCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGG
AGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGG
AAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCG
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GCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTG
GGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTT
GGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATT
GTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAAC
CAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGA
TGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCA
TGGGATTCTCAATGCGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAA
CI'TICATTACCCCAGCCGTCCAACATGCAGTIGACCACTTCATACAACAACTACTCCITAATGGCGA
TGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTG
GAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCA
TTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCC
AGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATT
GACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATGGCAGTAGC
CGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAG
CCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCAC
TGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACG
CTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCG
CTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAG
AGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAA
GTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTT
GGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGG
ATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAG
TCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTG
ACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATG
GTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAG
CACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCAC
TCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGT
GTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGA
GGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGA
AGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAG
AACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTC
CTCTCTAATAAACGGGUGTTGTCAGGCTCCTGTCAAAACCCTGGUGATGTGGTGACTGGAGTCACAGG
AATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTITCAAGGAAAAAGTGGACACTA
GGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAG
AGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGC
AATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGA
ACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCA
GAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTC
TTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACA
CTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCGAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTC
GGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAA
GTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGA
TTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCG
TTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGC
CACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGAC
TGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCG
ACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTG
GTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGT
GGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTAT
TTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGC
TGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGG
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ACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCAC
CAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCC
CCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGC
CATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGG
ATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGT
GGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGA

KU527068.1 Zika virus strain Natal RGN, Brazil: Rio Grande do Norte, Natal, complete
genome (SEQ ID NO: 6)

AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATC
AACAGGTTTTATTTTGGATTITGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCC
GGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTG
AAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCAATTCTAGCC
TTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAA
AAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAA
TGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGIGICGGAATIGTTGGCCICCTGCTGA
CCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTIGGACAGAAAC
GATGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATG
GATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGA
ACCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCA
CAAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGC
TGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAA
AATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGC
TCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGG
TGCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTC
TTGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGT
TACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACA
TGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAA
TATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTITTTGGCAAAGG
GAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAG
AGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATG
ACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGC
CGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACT
TTTCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTCCACAAGGAGTGGTTCCACG
ACATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCA
CTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGG
AGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGT
CCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCT
TGTGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTG
GAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCA
AACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACT
CTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGA
AGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTG
AGAGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGC
TCTCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGG
AATGTCCTGGTTCTCACAAATCCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAA
TGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCT
GCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGT
CTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGG
CAGCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAG
AACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCTTGGAAGAGAATGGAGTTCAACT
GACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTG
TGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACA
AATAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCGAACATAGAGCATGGAA
CAGCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGA
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AGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGGAAGGAGGCTGTAC
ACAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCAT
CTAATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTIGTGGGCAGATGGAATAGAAGA
GAGTGATCTGATCATTCCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTA
CAGGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCGG
GCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCA
AGCGGAAGGGTGATCCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGAGGL
TAAAGATGGCTGTTIGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTITAGTA
AGGTCAGTGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATT
CTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAAT
GGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTT
GATGGGCGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGG
CATTCAAAGTCAGACCAGCGTTGCTGGTATCTTITCATCTTCAGAGCTAATTGGACACCCCGTGAAA
GCATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGA
TGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGA
TAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTG
GAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGA
AGAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACG
TGGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACA
GCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCC
CATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACAT
TGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTC
GATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGA
GATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGC
TGGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTC
CCAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCT
AGGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCA
CAAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCA
GGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGC
AGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAG
ACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAAT
CCTAGACAAGTGTGGGAGAGTGATAGCGACTTTATGGCAATGGGUGTCGTGATCAAAAATGGGAGTT
ATGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCG
ATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGT
TCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAG
GGTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAG
TCAATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTC
TACTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATC
CCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATC
TTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGAC
ACCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGG
AAAAACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGG
CTGGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACAT
CAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGT
GTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTTTGGCTGGA
CCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAA
ACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGC
TTGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGAC
CTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGAC
CTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGG
AATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACA
GTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGA
CGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAG
GAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAG
GAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGC
GGCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCT
GGGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCT
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TGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCAT
TGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAA
CCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGG
ATGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGAGCAACC
ATAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACA
ACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCG
ATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTT
GGAGTICCCGCTGCTAATGATAGGTTGCTACTCACAATIAACACCCCIGACCCTAATAGIGGCCATC
ATTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCC
CAGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACAT
TGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAG
CAGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGOTGGGGUGGAGGCTGGGGCCCTGATCACA
GCCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCA
CTGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACATAGTAACAAGAAAC
GCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCC
GCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCA
GAGAAGAGGCCCGCCGCGCCCTCAAGGATGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGA
AGTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCT
TGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAG
GATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATA
GTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGT
GACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCAT
GGTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCA
GCACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCA
CTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAG
TGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATG
AGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATG
AAGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGA
GAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGT
CCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAG
GAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACT
AGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAA
GAGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAG
CAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTG
AACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCC
AGAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAA
GGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATT
CTTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTAC
AAAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGAC
ACTGCTGGCTGGGACACCCGCATCAGCAGGTTCGATCTGGAGAATGAAGCTCTAATCACCAACCA
AATGGAGAAAGGGCATAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGG
TAAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAA
AGGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATT
CGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAA
AGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATG
ATTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAA
AAGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCC
GTTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCG
CCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGA
CTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCC
GACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCT
GGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTG
TGGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTA
TTTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGG
CTGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATG
GACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCA
CCAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACC
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CCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAG
CCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCATGCGCTTGGAGGCGCAG
GATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTG
TGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTG
ACGCTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGA
ATAGCGGCGGCCGGTGTGGGGAAATCCATGGGTCTT

KU681081.3 Zika virus isolate Zika virus/H.sapiens-tc/THA/2014/SV0127- 14, Thailand,
complete genome (SEQ ID NO: 7)

AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATC
AACAGGTTTTATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCC
GGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTG
AAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCC
TTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGAAAA
AAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAA
TGCTAGGAAGGAGAAGAAGAGACGAGGCACAGATACTAGIGICGGAATIGTTGGCCICCTGCTGA
CCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTIGGACAGAAGC
GATGCTGGGGAGGCCATATCTTTTCCAACCACACTGGGGATGAATAAGTGTTATATACAGATCATG
GATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTAGA
ACCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCA
CAAAAAAGGTGAAGCACGGAGATCCAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGC
TGCAAACGCGGTCGCAGACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAA
AATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGC
TCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGG
TGCATAGGAGTCAGTAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTC
TTGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGT
TACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCGGACA
TGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAA
TATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTITTTGGCAAAGG
GAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAG
AGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATG
ACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGC
CGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACT
TTTCAGATTTGTATTACTTGACTATGAACAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACG
ACATTCCATTACCTTGGCACACTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCA
CTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGG
AGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGT
CCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCT
TGTGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTG
GAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCA
AACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAGGCACTGAGAACT
CTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGA
AGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTG
AGAGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGT
TCTTAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGG
AATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAATACAAAGAA
TGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCC
GCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAAACGAGATGCGGTACAGGGGTGTTCGT
CTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCTCGTAGATTGGC
AGCAGTAGTCAAGCAAGCCTGGGAAGATGGTATCTGTGGGATCTCCTCTGTTTCAAGAATGGAAA
ACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTG
ACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGT
GAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAA
ATAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAAC
AGCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAA
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GATTATTCACTAGAGTGTGATCCAGCCGTCATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACA
CAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAACGACACATGGAGGCTGAGGAGGGCCCACC
TGATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAG
AGTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAACACCAGAGAGGGCTAC
AGGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGG
CACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAA
GCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCT
AAAGATGGCIGTITGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTAGTAA
GGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTTTCCCTTGGAGTGCTTGTGATTC
TGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGATCTGGCTAAGCTTGCAATTTITG
ATGGGTGCCACCTTTGCGGAAATGAACACTGGAGGCGAGATGTAGCTCATCTGGCGCTGGTAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCTGCTGGCCTTGGCCTCGTGTCTTTITGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGAT
GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAC
AATATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
AGAGCAGGCCTTGCTACTTGCGGGGGGTTCATGCTCCTCTCTCTGAAGGGGAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTTACTGGAAACAGTCCCCGGCTCG
ATGTGGCACTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAAGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAAACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCATGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCA
GCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGA
CAAAGGATGGGGACATTGGAGCGGTTGCGCTGGACTATCCAGCAGGAACTTCAGGATCTCCAATC
CTAGACAAGTGTGGGAGAGTGATAGCGACTCTATGGCAATGGGOGTCGTGATCAAGAATGGGAGTTA
TGTCAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAACGAGACTCCGTACTGTGATCTTAGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTC
AATGTCACCCATTCTGGGACAGAAATCGTTGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCAGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTCCCGGACTCCAACTCACCAATTATGGACA
CCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGA
AAAACAGTTTGGTTTGTCCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGC
TGGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATC
AAGAGTGGGACTTCGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGT
GTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGG
ACCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACA
AACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGATGAAGACCATGCACACTGG
CTTGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGA
CCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGA
CCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCG
GAATAACCTACACAGATAGAAGATGGTGCTTTGATGGCATGACCAACAACACCATAATGGAAGAC
AGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGG
ACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGA
GGAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACGGAGAGATTCCA
GGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCG
CGGCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGC
TGGGAATCTTTTTCGTCTTGATGCGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTC
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TTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGCGTCCTCA
TTGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCCCCCCAGGACA
ACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCG
GATGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAAC
CATAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCGGCCTGGGCCATCTATGCTGCCCTGAC
AACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGC
GATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTT
TGGAGICCCGCTGCTAATGATAGGTTGCTACICACAATIAACACCCCTGACCCTAATAGTGGCTAT
CATTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGC
CCAGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACA
TTGACACAATGACTATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTA
GCCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAAGCTGGGGCCCTGATCAC
AGCTGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTC
ACTGTGCAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAA
CGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCC
CGCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGC
AGAGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGG
AAGTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATC
TTGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAA
GGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCATGTTGGTGCAAAGCTATGGGTGGAACAT
AGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTG
TGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCAT
GGTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTGTAAAAGTGTTGTGCCCATACACCA
GCACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCA
CTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAG
TGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCCAGGAGGCCAGTGAAATATG
AGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATG
AAGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGA
GAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCTACACAAGGGTCAGCGT
CCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAG
GAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACC
AGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAA
GAGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAG
CAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACCGCAGTGGAAGCTGTG
AACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCC
AGAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAA
GGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATT
CTTAAATGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTAC
AAAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGAC
ACTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTTTAATCACCAACCA
AATGGAGAAAGGGCACAGGGCCTTAGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGG
TAAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCAAGACAAGACCAA
AGGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATT
CGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAA
AGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATG
ATTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAA
AAGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCC
GTTTTGTTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCG
CCACCAAGATGAACTGATTGGCCGGGCCCGTGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGA
CTGCTTGCCTAGCAAAGTCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCC
GACTGATGGCCAATGCCATCTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCT
GGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTG
TGGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTA
TCTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGG
CTGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATG
GACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTATAAGCA
CCAATCTTAGTGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACC
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CCCCCAGGAGAGGCTGGGAAACCAAGCCCATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAG
CCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAG
GATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTG
TGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTG
ACGCTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGA
ATAGCGGCGGCCGGTGTGGGGAAATCCATGGGTCT

KU681082.3 Zika virus isolate Zika virus/H.sapiens-tc/PHL/2012/CPC-0740, Philippines,

complete genome (SEQ ID NO: 8)

AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATC
AACAGGTTTTATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCC
GGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTG
AAGAGGCTGCCAGCCGGACTTCTGCTGGGCCATGGGCCCATCAGGATGGTCTTGGCGATACTAGC
CTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAA
AAAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCA
ATGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGCGICGGAATTIGTTGGCCTICCICCTG
ACCACAGCCATGGCAGTAGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAG
CGATGCTGGGGAGGCCATATCTTITTCCAACCACACTGGGGATGAATAAGTGTTACATACAAATCAT
GGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGTTGGATGAGGGGGTAG
AACCAGATGACGTCGATTGCTGGTGCAACACGACATCAACTTGGGTTGTGTATGGAACCTGCCACC
ACAAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAG
CTGCAAACGCGGTCGCAGACCTGGTTGGAATCAAGAGAATACACAAAGCACCTGATTAGAGTTGA
AAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGTCATCGCTTGGCTTTTGGGAAG
TTCAACGAGCCAAAAAGTCATATATCTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAG
GTGCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGT
CTTGGAACATGGAGGTTGTGTTACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGG
TTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCGGAT
ATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAGGCCTACCTTGACAAGCAGTCAGACACTCA
ATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAG
GGAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCA
GAGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAAT
GACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAG
CCGAAGCCACCCTGGGGGGTTTTGGGAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGAC
TTTTCAGATTTGTATTACCTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCAC
GACATTCCATTACCTTGGCATGCTGGGGCAGACACTGGAACTCCACATTGGAACAACAAAGAAGC
ACTGGTAGAGTTCAAGGACGCACATGCAAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAG
GAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGAGCCAAGGGAAGGCTG
TCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCC
TTGTGCACTGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTG
GAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGATATGCA
AACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCTGTAATCACTGAAAGCACCGAGAACT
CTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGA
AGAAGATCACCCATCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTG
AGAGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGGGGTGC
TCTCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTCGGAGG
AATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGGTGTGGTTGGGTCTGAATACAAAGAA
TGGATCTATTTCCCTTACGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTTTCT
GCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAAACGAGATGCGGTACAGGGGTGTTCGT
CTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCTCGTAGATTGGC
AGCAGCAGTCAAGCAAGCCTGGGAAGATGGGATCTGTGGGATCTCCTCTGTCTCAAGAATGGAAA
ACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTG
ACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGT
GAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAA
ATAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAAC
AGCTTTCTTGTGGAGGATCATGGGTTTGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAA
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GATTATTCATTAGAGTGTGATCCAGCCGTCATTGGAACAGCTGCTAAGGGAAAGGAGGCTGTGCA
CAGCGATCTAGGCTACTGGATTGAGAGTGAGAAGAACGACACATGGAGGCTGAAGAGGGCCCAC
CTGATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTIGTGGACAGATGGAGTAGAAGA
AAGTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAACACCAGAGAGGGCT
ACAGGACTCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCA
GGCACTAAGGTCCACGTGGAGGAAACATGTGGGACAAGAGGACCATCCCTGAGATCAACCACTGC
AAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAATGCACAATGCCCCCACTGTCGTTCCGAG
CTAAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTAGTA
AGGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCTCTTGGAGTGCTTGTGATT
TTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAAT
GGCAGTGCTGGTAGCCATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTT
GATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATTTGGCGCTGATAGCGG
CATTCAAAGTCAGACCTGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAGA
GCATGCTGCTGGCCTTGGCCTCGTGTCTTCTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGA
TGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGA
CAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTG
GAGAGCAGGCCTTGCTACTTGCGGGGGGTTCATGCTCCTCTCTCTGAAGGGGAAAGGCAGTGTGA
AGAAGAACCTACCATTTGTCATGGCCTTGGGACTAACTGCTGTGAGGCTGGTCGACCCCATCAACG
TGGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGTGAAGTACTCACA
GCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCGGATATAGAGATGGCTGGGCC
CATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACAT
TGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAATCACTGGAAACAGTCCCCGGCTC
GATGTGGCACTAGATGAGAGTGGTGATTTCTCCCTAGTGGAGGATGATGGTCCACCCATGAGAGA
GATCATACTCAAAGTGGTCCTGATGACCATCTGCGGCATGAACCCAATAGCCATACCCTTTGCAGC
TGGAGCGTGGTACGTGTATGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTC
CCAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCT
TGGTTCAACACAAGTTGGAGTGGGAGTCATGCAAGAGGGGGTCTTCCACACTATGTGGCACGTCA
CAAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCA
GGATCTGGTGTCATACTGTGGTCCGTGGAAGCTAGACGCCGCCTGGGACGGGCACAGCGAGGTGC
AGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAACATTTAAG
ACAAAGGATGGGGACATTGGAGCAGTTGCGCTGGACTACCCAGCAGGAACTTCAGGATCTCCAAT
CCTAGACAAGTGTGGGAGAGTGATAGGACTCTATGGTAATGGGGTCGTGATAAAAAATGGGAGTT
ATGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCG
ATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACCTGCATCCTGGAGCCGGGAAAACCAGGAGAGT
TCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAG
GGTCGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTTCGTTATATGACAACAGCAGT
CAATGTCACCCATTCTGGGACAGAAATCGTTGACTTAATGTGCCATGCTACCTTCACTTCACGCCT
ACTACAACCAATCAGAGTCCCCAACTATAATTTGTATATTATGGATGAGGCCCACTTCACAGATCC
CTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCT
TCATGACCGCCACGCCACCAGGAACCCGTGACGCATTCCCGGACTCCAACTCACCAATTATGGACA
CCGAGGTGGAAGTCCCAGAGAGAGCCTGGAGCACAGGCTTTGATTGGGTGACGGATCATTCTGGG
AAAACAGTCTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGC
TGGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACGAAAAATC
AAGAGTGGGACTTCGTCGTGACAACCGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGT
GTCATAGATTCCAGGAGATGCTTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTTTGGCTGGA
CCCATGCCTGTCACACATGCCAGCGCTGCTCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAA
ACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGATGAAGATCACGCACACTGGC
TTGAAGCAAGAATGCTTCTTGACAACATTTACCTCCAAGATGGCCTCATAGCTTCGCTCTATCGAC
CTGAGGCCGACAAAGTAGCAGCTATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGAC
CTTTGTGGAACTCATGAAAAGAGGAGATCTTCCGGTTTGGTTGGCCTATCAGGTTGCATCTGCCGG
AATAACCTACACAGATAGAAGATGGTGCTTTGATGGCATGACCAACAACACCATAATGGAAGACA
GTGTGCCGGCAGAGGTGTGGACCAGATACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGA
CGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAAGAGTTTGCCGCTGGGAAAAGAG
GAGCGGCCTTTGGAGTGATAGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAG
GAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGC
GGCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCT
GGGAATCTTTTTCGTCTTGATGCGGAACAAGGGCATGGGGAAGATGGGCTTTGGAATGGTGACTCT
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TGGGGCCAGCGCATGGCTTATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCAT
TGTCGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCTCAGGACAA
CCAAATGGCAATCATCATCATGGTAGCAGTGGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGG
ATGGTTGGAGAGAACAAAAAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACC
ACAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCTATCTATGCTGCTCTGACA
ACTTTCATCACCCCAGCCGTCCAACATGCGGTGACCACTTCATACAACAACTACTCCTTAATGGCG
ATGGCCACGCAAGCTGGGGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTT
GGAGTICCCGCTGCTAATGATGGGTTGCTACTCACAATIAACACCTICIGACCCTAATAGIGGCCATC
ATTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGGGCTGCC
CAGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACAT
TGACACAATGACAATTGACCCCCAAGTGGAAAAAAAGATGGGGCAGGTGCTACTCATAGCAGTAG
CCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGOGGOGTGGGGGUGAGGCTGGGGCCCTGATCACA
GCTGCAACTTCCACCTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCCACAGCCACTTCA
CTGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAAC
GCTGGCTTGGTCAAGAGACGTGGGGGTGGAACGGGAGAGACCCTGGGAGAGAAATGGAAGGCCC
GCCTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGC
AGAGAAGAGGCCCGCCGTGCCCTCAAGGACGGTGTGGCAACAGGAGGCCATGCTGTGTCCCGAGG
AAGTGCAAAGCTTAGATGGCTGGTGGAGAGAGGATACCTGCAGCCCTATGGAAAGGTCATTGATC
TTGGATGTGGCAGAGGGGGCTGGAGTTACTATGCCGCCACCATCCGCAAAGTTCAGGAAGTGAAA
GGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCATGTTGGTGCAAAGCTATGGGTGGAACAT
AGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCACATGGCGGCTGAGCCGTGTGACACTTTGCTGTG
TGATATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCAT
GGTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCA
GCACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGGGTGCCA
CTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAG
TGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCCAGGAGGCCAGTGAAATATG
AGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATG
AAGATCATTGGTAACCGCATTGAGAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGA
GAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCTACACAAGGGTCAGCGT
CCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAG
GAATAGCCATGACTGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACT
AGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTATGGAAG
GAGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAG
CAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTG
AATGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCATCACCTGAGAGGAGAGTGTCA
GAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTCCTAGAGTTCGAAGCCCTTGGATTC
TTGAATGAGGATCATTGGATGGGGAGAGAGAATTCAGGAGGTGGTGTTGAAGGACTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGATA
CTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCAAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTTAATACATTCACCAACCTGGTGGTGCAGCTCATTC
GGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGCCAGAGAAA
GTGACCAACTGGTTGCAAAGCAACGGATGGGATAGGCTCAAAAGAATGGCAGTCAGTGGAGATG
ATTGCGTTGTGAAACCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAA
AAGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCC
GTTTTGCTCCCACCACTTCAACAAACTCCATCTTAAGGACGGGAGGTCCATTGTGGTTCCCTGCCG
CCACCAAGATGAACTGATTGGCCGAGCCCGCGTATCACCAGGGGCGGGATGGAGCATCCGGGAGA
CTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCC
GACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGATTGGGTTCCAACTGGGAGAACTACCT
GGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTATGGAACAGAGTG
TGGATTGAGGAAAACGACCACATGGAAGACAAGACCCCAGTTACAAAATGGACAGACATTCCCTA
TTTGGGAAAAAGAGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGTACTACCTGGG
CTGAGAACATCAAAAATACAGTCAACATGATGCGCAGGATCATAGGTGATGAAGAAAAGTACATG
GACTACCTATCCACCCAGGTTCGCTACTTGGGTGAAGAAGGGTCCACACCTGGAGTGCTGTAAGCA
CCAATCTTAGTGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACC
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CCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAG
CCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAG
GATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTG
TGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTG
ACGCTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGA
ATAGCGGCGGCCGGTGTGGGGAAATCCATGGGTCT

KU707826.1 Zika virus isolate SSABR 1, Brazil, complete genome (SEQ ID NO: 9)

GACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTGGATTTGGAAACG
AGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAA
AACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTG
GGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCA
TCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAGAGGCTATGGAAATAATAAAGAA
GTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGACGA
GGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACT
AGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACGATGCTGGGGAGGCCATATCTITITCCA
ACCACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCTTGGACACATGTGTGATGCCACC
ATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGATGACGTCGATTGTTGGTGCAA
CACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCTA
GAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGUGTTG
GAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTT
CGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCTCAACGAGCCAAAAAGTCATATACTT
GGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGAGTCAGCAATAGGGACT
TTGTGGAAGGTATGTCAGGTGGGACCTGGGTTGATGTTGTCTTGGAACATGGAGGTTGTGTCACCG
TAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCG
GAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCAAC
ACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTCTGCAAAAGAACGTTAGTGG
ACAGAGGCTGUGGGAAATGUGATGTGGACTTTTITGGCAAAGGGAGCCTGGTGACATGCGCTAAGTTT
GCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCT
GTCAGTTCATGGCTCCCAGCACAGTGGGATGATTGTTAATGACACAGGACATGAAACTGATGAGA
ATAGAGCGAAAGTTGAGATAACGCCCAATTCACCAAGAGCCGAAGCCACCCTGGGGGGTTTTGGA
AGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTTTCAGATTTGTATTACTTGACTATG
AATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGCACGCT GGG
GCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATG
CCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGA
GCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCT
GAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTGTACTGCAGCGTTCACATTCAC
CAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGGACAGAT
GGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCTGACCCCAGTTGGGAGGTT
GATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGATGATGCTGGAACTTGATC
CACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAGAAGATCACCCACCACTGGCAC
AGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGT
CTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCA
TCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACAAATTCT
CATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATGGATCTATTTCCCTTATGTGCTT
GGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCTGCTGATGTGGGGTGCTCGGTGGA
CTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCTATAACGACGTTGAAGCCTGGA
GAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTAGA
AGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAA
AAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTGAACGAGCTGCCCCACGGCTGG
AAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCGTGGATGG
TGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATG
GGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATTATTCATTAGAGTGTGATC
CAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAGTGATCTAGGCTACTGGATT
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GAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTGATCGAGATGAAAACATGTG
AATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCAAG
TCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCC
ATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGG
AAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAGCGGAAGGGTGATCGAGGA
ATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTAAAGATGGCTGTTGGTATGG
AATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGGTCAATGGTGACTGCAGGA
TCAACTGATCACATGGACCACTTCICCCTTGGAGTGCTTGIGATTICTIGCTCATGGTGCAGGAAGGG
CTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGAT
CCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTGATGGGTGCCACCTTCGCGGA
AATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGTCAGACCAGCGT
TGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTC
GTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCT
TTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGATAACATCACCTTGGCAATCCTG
GCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGGAGAGCAGGCCTTGCTACTTGC
GGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAACTTACCATTITGTCATG
GCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCACA
AGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATT
GGCTGGAGGOTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAA
TTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGGTGACATCACA
TGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGAGAGTGG
TGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAGGTGGTCCTGAT
GACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGCGTGGTACGTATACGTGAA
GACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAGTAAAAAAGGGGGAG
ACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTGGAGTGGG
AGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGAAGCG
GTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCA

GAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGACAAAGGATGGGGACATTGGAGCG
GTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTAGACAAGTGTGGGAGAGTGAT
AGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGTGCCATCACCCAAGGGA
GGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACT
GTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCC
ATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTTGTCGCTGCTGAAATGGAGGA
GGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGA
AATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAA
CTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATA
CATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTTCATGACCGCCACGCCACCAGGAA
CCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCGAAGTGGAAGTCCCAGAGAGA
GCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAAACAGTTTGGTTTGTTCCAAGC
GTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAG
CAGAAAGACTTTTGAGA CAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAA
CTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAA
AGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGACCCATGCCTGTCACACATGCCAGCG
CTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTATCTGTATGGA
GGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAA
TATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCAT
TGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGA
GATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGG
TGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAG
ACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGG
CCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCC
CTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGGAAGCCATTGACAACCTCGCTGTGCT
CATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCCCAATTGCCGGAGACCCTAG
AGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTCTTCGTCTTGATGAGGA
ACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGG
CTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATTGTTGTGTTTCTATTGCTGGTGGTGC
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TCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAACCAAATGGCAATCATCATCATGGTA
GCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTGGAGAGAACAAAGAGTGA
CCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATAGGATTCTCAATGGACATTGACC
TGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAACTTTCATTACCCCAGCCGTCCAAC
ATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGAGTGTTGT
TTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTGGAGTCCCGCTGCTAATGATAGGTT
GCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCGCACTACATGT
ACTTGATCCCAGGGCTGCAGGCAGCAGCIGCGCGTIGCTGCCCAGAAGAGAACGGCAGCTGGCATC
ATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCA
AGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGCCGTCTCCAGCGCCATACTGTCGC
GGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAGCCGCAACTTCCACTTTGTGGGAA
GGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTGTGTAACATTTTTAGGGGAAGT
TACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGG
GGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCTGG
AGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTC
AAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGGTTGGT
GGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGGCTGGA
GTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGT
CATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGA
CGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTGACATAGGTGAGTCATCATCTAG
TCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGGATTGGCTTGAAAAAA
GACCAGGAGCCTTTTGTATAAAGGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGAGC
GACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAG
ATGTATTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCT
CTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGAGGAGGATGTGAATCTCGGCTCTG
GCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCATTGGTAACCGCATTGAA
AGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGGGC
TTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAG
GCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACACCACAC
CGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAGGC
ACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAGCTAGGCAAACACAAACGGCC
ACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATAT
TTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTA
GTGGATAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCAGAGTTGTGTGTACAACATGATGG
GAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAGGGCAGCCGCGCCATCTGGTATAT
GTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATCACTGGATGGG
GAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAG
AGATGAGTCGTATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATC
AGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAAATGGAAAAAGGGCACAGGGCCTT
GGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCAGCTGAAA
AAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAAGGGGGAGCGGACAAGTTGTCACT
TACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTT
CTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAA
CGGATGGOGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGATTGCGTTGTGAAGCCAATTGATG
ATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAAAGTTAGGAAGGACACACAAGAG
TGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCAACAAG
CTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGG
GCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGC
GCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCGACTGATGGCCAATGCCATTTGTTC
ATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCAATCCATGGAAAGGGAGAAT
GGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGTGGATTGAGGAGAACGACCACATG
GAAGACAAGACCCCAGTTACGAAATGGACAGACATCCCCTATTTGGGAAAAAGGGAAGACTTGTG
GTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCA
ACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTATCCACCCAAGTTCGC
TACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCACCAGTCTTAATGTTGTCAGGCCTG
CTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACC
AAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAG
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AGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACC
TTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTCCAGAAGAGGGACTAGT
GGTTAGAGGAG

KU744693.1 Zika virus isolate VE Ganxian, China, complete genome (SEQ ID NO: 10)

GTTGTTACTGTTGCTGACTCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCA
ACAGGTTTTATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGG
AGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAA
GAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCAATTCTAGCCTT
TTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAA
AAGATGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAAT
GCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGAC
CACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACG
ATGCTGGGGAGGCCATATCTTITCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGG
ATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAA
CCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCAC
AAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCTTCCCATTCCACTAGGAAGCT
GCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAA
ATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCT
CAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGT
GCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTCACCGCAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTT
ACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACAT
GGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAAT
ATGTTTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGG
AGTCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGA
GAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGCTCGTTAATGA
CACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCC
GAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTT
TCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGCTCACAAGGAGTGGTTCCACGAC
ATTCCATTACCTTGGCACGCTGGGGCAGCCACCGGAACTCCACACTGGAACAACAAAGAAGCACT
GGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAG
CAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCC
TCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTG
TGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACAGTGGACGGGACAGTCACAGTGGA
GGGACAGTACGGAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAGA
CTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTA
AGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAG
AAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAG
AGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTC
TCAACTCATTGGGCAAGGGCATCCATCAAATTATTGGAGCAGCTTTCAAATCATTGTTTGGAGGAA
TGTCCTGGTTCTCACAAATTCTCATTGGGACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATG
GATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCAGG
TGGTGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCT
ATAACGATGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCA
GCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAA
CATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGCGAAGAGAATGGAGTTCAACTGA
CGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTG
AACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAA
TAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACA
GCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAG
ACTATTGGTTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACAC
AGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGTGGCTGAAGAGGGCCCATCT
GATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAG
AGTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATGCCAGAGAGGGCTAC
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AGGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGG
CACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAA
GCGGAAGGGTGATCGAGGAATGGTGCTCCAGGGAGTGCACAATGCCCCCACTGTCCTTCCAGGCT
AAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAA
GGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTC
TGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTG
ATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGAT
GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAT
AACATCACCTTAGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
AGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCG
ATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGCAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCA
GCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGA
CAAAGGATGGGGACATTGGAGCGGTTGCACTGGATTACCCAGCAGGAACTTCAGGATCTCCAATC
CTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTA
TGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTGGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAGGCCCTTAGAGGGCTTCCAGTGCUGTTATATGACAACAGCAGTC
AATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CTACAGCCAATTAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACAC
CGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGAGTATTCTGGAA
AAACAGTTTGGTTTGTTCCACGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCT
GGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCA
AGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGT
CATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGGTGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAA
CCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCT
TGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACC
TGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACC
TTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGA
ATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAG
TGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGAC
GCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGG
AGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGG
AAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCG
GCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTG
GGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTT
GGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATT
GTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAAC
CAAATGGCCATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGA
TGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCA
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TGGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATCCTGCCTTGACAT
CTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGA
TGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTG
GAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCA
TTITTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCC
AGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGAGGGAATAGTGGTGACTGACATT
GACACAATGACAATTGACCCCCAAGTGCGAGAAAAAGATGGGACAGGTGCTACTCATGGCAGTAGC
CGICICCAGCGCCATACIGICGAGGACCGCCTIGGGGEETGGEEGEGAGGCTIGGEGECCCTGATCACAG
CCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACCTCAC
TGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACG
CTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCG
CTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAG
AGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAA
GTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTT
GGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGG
ATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAG
TCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTG
ACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATG
GTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAG
CACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCAC
TCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGT
GTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGA
GGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGA
AGATCATTGGTAACCGCATTGAAAGGATCCGCGCTGAGAAAGCGGAAACGTGGTTCTTTGACGAG
AACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGATGCCGCCACACAAGGGTCAGCGTC
CTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGG
AATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTITCAAGGAAAAAGTGGACACTA
GGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAG
AGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGC
AATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGA
ACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCA
GAGTTGTGTGTACATCACAATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTC
TTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACA
CTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCGAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTCAACACATTTACCAACCTAGTGGTGCAACTCATTC
GGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAA
GTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCGGTCAGTGGAGATGA
TTGCGTTGTGAAACCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCCT
TCTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCC
ACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGACT
GCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCGA
CTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGG
TCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGCGTGGAACAGAGTGTG
GATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTCACGAAATGGACAGACATTCCCTATT
TGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCT
GAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGG
ACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCAC
CAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCC
CCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGC

ATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGT
GGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGA
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LC002520.1 Zika virus gcnomic RNA, strain: MR766-NIID, Uganda, complctc gcnome
(SEQ ID NO: 11)

AGTTGTTGATCTGTGTGAGTCAGACTGCGACAGTTCGAGTCTGAAGCGAGAGCTAACAACAGTATC
AACAGGTTTAATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAGAAGAAATCCG
GAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTAAACCCCTTGGGAGGTTITG
AAGAGGTTGCCAGCCGGACTTCTGCTGGGTCATGGACCCATCAGAATGGTTTTGGCGATACTAGCC
TTTTTGAGATTTACAGCAATCAAGCCATCACTGGGCCTTATCAACAGATGGGGTTCCGTGGGGAAA
AAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTTGCTGCCATGTTGAGAATAATCAA
TGCTAGGAAAGAGAGGAAGAGACGTGGCGCAGACACCAGCATCGGAATCATTGGCCTCCTGCTGA
CTACAGCCATGGCAGCAGAGATCACTAGACGCGGGAGTGCATACTACATGTACTTGGATAGGAGC
GATGCCGGGAAGGCCATTTCGTTTGCTACCACATTGGGAGTGAACAAGTGCCACGTACAGATCAT
GGACCTCGGGCACATGTGTGACGCCACCATGAGTTATGAGTGCCCTATGCTGGATGAGGGAGTGG
AACCAGATGATGTCGATTGCTGGTGCAACACGACATCAACTTGGGTTGTGTACGGAACCTGTCATC
ACAAAAAAGGTGAGGCACGGCGATCTAGAAGAGCCGTGACGCTCCCTTCTCACTCTACAAGGAAG
TITGCAAACGCGGTCGCAGACCIGGTTAGAATCAAGAGAATACACGAAGCACTTGATCAAGGTITGA
AAACTGGATATTCAGGAACCCCGGGTTTGCGCTAGTGGCCGTTGCCATTGCCTGGCTTTTGGGAAG
CTCGACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGTATCAG
GTGCATTGGAGTCAGCAATAGAGACTTCGTGGAGGGCATGTCAGGTGGGACCTGGGTTGATGTTG
TCTTGGAACATGGAGGCTGCGTTACCGTGATGGCACAGGACAAGCCAACAGTTGACATAGAGTTG
GTCACGACGACGGTTAGTAACATGGCCGAGGTAAGATCCTATTGCTACGAGGCATCGATATCGGA
CATGGCTTCGGACAGTCGTTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTC
AATATGTCTGCAAAAGAACATTAGTGGACAGAGGTTGGGGAAACGGTTGTGGACTTTTTGGCAAA
GGGAGCTTGGTGACATGTGCCAAGTTTACGTGTTCTAAGAAGATGACCGGGAAGAGCATTCAACC
GGAAAATCTGGAGTATCGGATAATGCTATCAGTGCATGGCTCCCAGCATAGCGGGATGACTGTCA
ATGATATAGGATATGAAACTGACGAAAATAGAGCGAAAGTCGAGGTTACGCCTAATTCACCAAGA
GCGGAAGCAACCTTGGGAGGCTTTGGAAGCTTAGGACTTGACTGTGAACCAAGGACAGGCCTTGA
CTTTTCAGATCTGTATTACCTGACCATGAACAATAAGCATTGGTTGGTGCACAAAGAGTGGTTTCA
TGACATCCCATTGCCTTGGCATGCTGGGGCAGACACTGGAACTCCACACTGGAACAACAAAGAGG
CATTGGTAGAATTCAAGGATGCCCACGCCAAGAGGCAAACCGTCGTCGTTCTGGGGAGCCAGGAA
GGAGCCGTTCACACGGCTCTCGCTGGAGCTCTAGAGGCTGAGATGGATGGTGCAAAGGGAAAGCT
GTTCTCTGGCCATTTGAAATGCCGCCTAAAAATGGACAAGCTTAGATTGAAGGGCGTGTCATATTC
CTTGTGCACTGCGGCATTCACATTCACCAAGGTCCCAGCTGAAACACTGCATGGAACAGTCACAGT
GGAGGTGCAGTATGCAGGGACAGATGGACCCTGCAAGATCCCAGTCCAGATGGCGGTGGACATGC
AGACCCTGACCCCAGTTGGAAGGCTGATAACCGCCAACCCCGTGATTACTCGAAAGCACTGAGAAC
TCAAAGATGATGTTGGAGCTTGACCCACCATTTGGGGATTCTTACATTGTCATAGGAGTTGGGGAC
AAGAAAATCACCCACCACTGGCATAGGAGTGGTAGCACCATCGGAAAGGCATTTGAGGCCACTGT
GAGAGGCGCCAAGAGAATGGCAGTCCTGGGGGATACAGCCTGGGACTTCGGATCAGTCGGGGGTG
TGTTCAACTCACTGGGTAAGGGCATTCACCAGATTTTTGGAGCAGCCTTCAAATCACTGTTTGGAG
GAATGTCCTGGTTCTCACAGATCCTCATAGGCACGCTGCTAGTGTGGTTAGGTTTGAACACAAAGA
ATGGATCTATCTCCCTCACATGCTTGGCCCTGGGGGGAGTGATGATCTTCCTCTCCACGGCTGTTTC
TGCTGACGTGGGGTGCTCAGTGGACTTCTCAAAAAAGGAAACGAGATGTGGCACGGGGGTATTCA
TCTATAATGATGTTGAAGCCTGGAGGGACCGGTACAAGTACCATCCTGACTCCCCCCGCAGATTGG
CAGCAGCAGTCAAGCAGGCCTGGGAAGAGGGGATCTGTGGGATCTCATCCGTTTCAAGAATGGAA
AACATCATGTGGAAATCAGTAGAAGGGGAGCTCAATGCTATCCTAGAGGAGAATGGAGTTCAACT
GACAGTTGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAAAGATTGCCAGTGCCTG
TGAATGAGCTGCCCCATGGCTGGAAAGCCTGGGGGAAATCGTATTTTGTTAGGGCGGCAAAGACC
AACAACAGTTTTGTTGTCGACGGTGACACACTGAAGGAATGTCCGCTTGAGCACAGAGCATGGAA
TAGTTTTCTTGTGGAGGATCACGGGTTTGGAGTCTTCCACACCAGTGTCTGGCTTAAGGTCAGAGA
AGATTACTCATTAGAATGTGACCCAGCCGTCATAGGAACAGCTGTTAAGGGAAGGGAGGCCGCGL
ACAGTGATCTGGGCTATTGGATTGAAAGTGAAAAGAATGACACATGGAGGCTGAAGAGGGCCCAC
CTGATTGAGATGAAAACATGTGAATGGCCAAAGTCTCACACATTGTGGACAGATGGAGTAGAAGA
AAGTGATCTTATCATACCCAAGTCTTTAGCTGGTCCACTCAGCCACCACAACACCAGAGAGGGTTA
CAGAACCCAAGTGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATCCGGTTTGAGGAATGTCCAG
GCACCAAGGTTTACGTGGAGGAGACATGCGGAACTAGAGGACCATCTCTGAGATCAACTACTGCA
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AGTGGAAGGGTCATTGAGGAATGGTGCTGTAGGGAATGCACAATGCCCCCACTATCGTTTCGAGC
AAAAGACGGCTGCTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAGAGCAACTTAGTG
AGGTCAATGGTGACAGCGGGGTCAACCGATCATATGGACCACTTCTCTCTTGGAGTGCTTGTGATT
CTACTCATGGTGCAGGAGGGGTTGAAGAAGAGAATGACCACAAAGATCATCATGAGCACATCAAT
GGCAGTGCTGGTAGTCATGATCTTGGGAGGATTTTCAATGAGTGACCTGGCCAAGCTTGTGATCCT
GATGGGTGCTACTTTCGCAGAAATGAACACTGGAGGAGATGTAGCTCACTTGGCATTGGTAGCGG
CATTTAAAGTCAGACCAGCCTTGCTGGTCTCCTTCATTTTCAGAGCCAATTGGACACCCCGTGAGA
GCATGCTGCTAGCCCTGGCTTCGIGICTTCTIGCAAACTGCGATCICIGCTCTTGAAGGTGACTIGAT
GGTCCTCATTAATGGATTTGCTTTGGCCTGGTTGGCAATTCGAGCAATGGCCGTGCCACGCACTGA
CAACATCGCTCTACCAATCTTGGCTGCTCTAACACCACTAGCTCGAGGCACACTGCTCGTGGCATG
GAGAGCGGGCCTGGCTACTTGTGGAGGGATCATGCTCCTCTCCCTGAAAGGGAAAGGTAGTGTGA
AGAAGAACCTGCCATTTGTCATGGCCCTGGCGATTGACAGCTGTGAGGGTAGTAGACCCTATTAATG
TGGTAGGACTACTGTTACTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGTGAAGTTCTCACA
GCCGTTGGCCTGATATGTGCACTGGCCGGAGGGTITGCCAAGGCAGACATTGAGATGGCTGGACC
CATGGCTGCAGTAGGCTTGCTAATTGTCAGCTATGTGGTCTCGGGAAAGAGTGTGGACATGTACAT
TGAAAGAGCAGGTGACATCACATGGGAAAAGGACGCGGAAGTCACTGGAAACAGTCCTCGGCTTG
ACGTGGCACTGGATGAGAGTGGTGATTTCTCCTTGGTAGAGGAAGATGGTCCACCCATGAGAGAG
ATCATACTTAAGGTGGTCCTGATGGCCATCTGTGGCATGAACCCAATAGCTATACCTTTTGCTGCA
GGAGCOGTGGTATGTGTATGTGAAGACTGGGAAAAGGAGTGGCGCCCTCTGGGACGTGCCTGCTCC
CAAAGAAGTGAAGAAAGGAGAGACCACAGATGGAGTGTACAGAGTGATGACTCGCAGACTGCTA
GGTTCAACACAGGTTGGAGTGGGAGTCATGCAAGAGGGAGTCTTCCACACCATGTGGCACGTTAC
AAAAGGAGCCGCACTGAGGAGCGGTGAGGGAAGACTTGATCCATACTGGGGGGATGTCAAGCAG
GACTTGGTGTCATACTGTGGGCCTTGGAAGTTGGATGCAGCTTGGGATGGACTCAGCGAGGTACA
GCTTTTGGCCGTACCTCCCGGAGAGAGGGCCAGAAACATTCAGACCCTGCCTGGAATATTCAAGA
CAAAGGACGGGGACATCGGAGCAGTTGCTCTGGACTACCCTGCAGGGACCTCAGGATCTCCGATC
CTAGACAAATGTGGAAGAGTGATAGGACTCTATGGCAATGGGGTTGTGATCAAGAATGGAAGCTA
TGTTAGTGCTATAACCCAGGGAAAGAGGGAGGAGGAGACTCCGGTTGAATGTTTCGAACCCTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTGGATCTGCATCCAGGAGCCGGAAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAAAGAGACTCCGGACAGTGATCTTGGCACCAACTAG
GGTTGTCGCTGCTGAGATGGAGGAGGCCTTGAGAGGACTTCCGGTGCGTTACATGACAACAGCAG
TCAACGTCACCCATTCTGGGACAGAAATCGTTGATTITGATGTGCCATGCCACTTTCACTTCACGCTT
ACTACAACCCATCAGAGTCCCTAATTACAATCTCTACATCATGGATGAAGCCCACTTCACAGACCC
CTCAAGTATAGCTGCAAGAGGATATATATCAACAAGGGTTGAAATGGGCGAGGCGGCTGCCATTIT
TTATGACTGCCACACCACCAGGAACCCGTGATGCGTTTCCTGACTCTAACTCACCAATCATGGACA
CAGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACAGACCATTCTGGG
AAAACAGTTTGGTTCGTTCCAAGCGTGAGAAACGGAAATGAAATCGCAGCCTGTCTGACAAAGGC
TGGAAAGCGGGTCATACAGCTCAGCAGGAAGACTTTTGAGACAGAATTTCAGAAAACAAAAAATC
AAGAGTGGGACTTTGTCATAACAACTGACATCTCAGAGATGGGCGCCAACTTCAAGGCTGACCGG
GTCATAGACTCTAGGAGATGCCTAAAACCAGTCATACTTGATGGTGAGAGAGTCATCTTGGCTGGG
CCCATGCCTGTCACGCATGCTAGTGCTGCTCAGAGGAGAGGACGTATAGGCAGGAACCCTAACAA
ACCTGGAGATGAGTACATGTATGGAGGTGGGTGTGCAGAGACTGATGAAGGCCATGCACACTGGC
TTGAAGCAAGAATGCTTCTTGACAACATCTACCTCCAGGATGGCCTCATAGCCTCGCTCTATCGGC
CTGAGGCCGATAAGGTAGCCGCCATTGAGGGAGAGTTTAAGCTGAGGACAGAGCAAAGGAAGAC
CTTCGTGGAACTCATGAAGAGAGGAGACCTTCCCGTCTGGCTAGCCTATCAGGTTGCATCTGCCGG
AATAACTTACACAGACAGAAGATGGTGCTTTGATGGCACAACCAACAACACCATAATGGAAGACA
GCGTACCAGCAGAGGTGTGGACAAAGTATGGAGAGAAGAGAGTGCTCAAACCGAGATGGATGGA
TGCTAGGGTCTGTTCAGACCATGCGGCCCTGAAGTCGTTCAAAGAATTCGCCGCTGGAAAAAGAG
GAGCGGCTTTGGGAGTAATGGAGGCCCTGGGAACACTGCCAGGACACATGACAGAGAGGTTTCAG
GAAGCCATTGACAACCTCGCCGTGCTCATGCGAGCAGAGACTGGAAGCAGGCCTTATAAGGCAGC
GGCAGCCCAACTGCCGGAGACCCTAGAGACCATTATGCTCTTAGGTTTGCTGGGAACAGTTTCACT
GGGGATCTTCTTCGTCTTGATGCGGAATAAGGGCATCGGGAAGATGGGCTTTGGAATGGTAACCCT
TGGGGCCAGTGCATGGCTCATGTGGCTTTCGGAAATTGAACCAGCCAGAATTGCATGTGTCCTCAT
TGTTGTGTTTTTATTACTGGTGGTGCTCATACCCGAGCCAGAGAAGCAAAGATCTCCCCAAGATAA
CCAGATGGCAATTATCATCATGGTGGCAGTGGGCCTTCTAGGTTTGATAACTGCAAACGAACTTGG
ATGGCTGGAAAGAACAAAAAATGACATAGCTCATCTAATGGGAAGGAGAGAAGAAGGAGCAACC
ATGGGATTCTCAATGGACATTGATCTGCGGCCAGCCTCCGCCTGGGCTATCTATGCCGCATTGACA
ACTCTCATCACCCCAGCTGTCCAACATGCGGTAACCACTTCATACAACAACTACTCCTTAATGGCG
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ATGGCCACACAAGCTGGAGTGCTGTTTGGCATGGGCAAAGGGATGCCATTTTATGCATGGGACCTT
GGAGTCCCGCTGCTAATGATGGGTTGCTATTCACAATTAACACCCCTGACTCTGATAGTAGCTATC
ATTCTGCTTGTGGCGCACTACATGTACTTGATCCCAGGCCTACAAGCGGCAGCAGCGCGTGCTGCC
CAGAAAAGGACAGCAGCTGGCATCATGAAGAATCCCGTTGTGGATGGAATAGTGGTAACTGACAT
TGACACAATGACAATAGACCCCCAGGTGGAGAAGAAGATGGGACAAGTGTTACTCATAGCAGTAG
CCATCTCCAGTGCTGTGCTGCTGCGGACCGCCTGGGGATGGGGGGAGGCTGGAGCTCTGATCACA
GCAGCGACCTCCACCTTGTGGGAAGGCTCTCCAAACAAATACTGGAACTCCTCTACAGCCACCTCA
CIGTGCAACATCITCAGAGGAAGCTATCIGGCAGGAGCTTCCCTITATCTATACAGTGACGAGAAAC
GCTGGCCTGGTTAAGAGACGTGGAGGTGGGACGGGAGAGACTCTGGGAGAGAAGTGGAAAGCTC
GTCTGAATCAGATGTCGGCCCTGGAGTTCTACTCTTATAAAAAGTCAGGTATCACTGAAGTGTGTA
GAGAGGAGGCTCGCCGTGCCCTCAAGGATGGAGTGGCCACAGGAGGACATGCCGTATCCCGGGGA
AGTGCAAAGCTCAGATGGTTGGTGGAGAGAGGATATCTGCAGCCCTATGGGAAGGTTGTTGACCT
CGGATGTGGCAGAGGGGGCTGGAGCTATTATGCCGCCACCATCCGCAAAGTGCAGGAGGTGAGAG
GATACACAAAGGGAGGTCCCGGTCATGAAGAACCCATGCTGGTGCAAAGCTATGGGTGGAACATA
GTTCGTCTCAAGAGTGGAGTGGACGTCTTCCACATGGCGGCTGAGCCGTGTGACACTCTGCTGTGT
GACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAGACACGAACACTCAGAGTGCTCTCTAT
GGTGGGGGACTGGCTTGAAAAAAGACCAGGGGCCTTCTGTATAAAGGTGCTGTGCCCATACACCA
GCACTATGATGGAAACCATGGAGCGACTGCAACGTAGGCATGGGGGAGGATTAGTCAGAGTGCCA
TTGTCTCGCAACTCCACACATGAGATGTACTGGGTCTCTGGGGCAAAGAGCAACATCATAAAAAG
TGTGTCCACCACAAGTCAGCTCCTCCTGGGACGCATGGATGGCCCCAGGAGGCCAGTGAAATATG
AGGAGGATGTGAACCTCGGCTCGGGTACACGAGCTGTGGCAAGCTGTGCTGAGGCTCCTAACATG
AAAATCATCGGCAGGCGCATTGAGAGAATCCGCAATGAACATGCAGAAACATGGTTTCTTGATGA
AAACCACCCATACAGGACATGGGCCTACCATGGGAGCTACGAAGCCCCCACGCAAGGATCAGCGT
CTTCCCTCGTGAACGGGGTTGTTAGACTCCTGTCAAAGCCTTGGGACGTGGTGACTGGAGTTACAG
GAATAGCCATGACTGACACCACACCATACGGCCAACAAAGAGTCTTCAAAGAAAAAGTGGACACC
AGGGTGCCAGATCCCCAAGAAGGCACTCGCCAGGTAATGAACATAGTCTCTTCCTGGCTGTGGAA
GGAGCTGGGGAAACGCAAGCGGCCACGCGTCTGCACCAAAGAAGAGTTTATCAACAAGGTGCGC
AGCAATGCAGCACTGGGAGCAATATITGAAGAGGAAAAAGAATGGAAGACGGCTGTGGAAGCTG
TGAATGATCCAAGGTTTTGGGCCCTAGTGGATAGGGAGAGAGAACACCACCTGAGAGGAGAGTGT
CACAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAGCAAGGAGAGTTCGGGAAAGCAA
AAGGTAGCCGCGCCATCTGGTACATGTGGTTGGGAGCCAGATTCTTGGAGTTTGAAGCCCTTGGAT
TCTTGAACGAGGACCATTGGATGGGAAGAGAAAACTCAGGAGGTGGAGTCGAAGGGTTAGGATTG
CAAAGACTTGGATACATTCTAGAAGAAATGAATCGGGCACCAGGAGGAAAGATGTACGCAGATG
ACACTGCTGGCTGGGACACCCGCATTAGTAAGTTTGATCTGGAGAATGAAGCTCTGATTACCAACC
AAATGGAGGAAGGGCACAGAACTCTGGCGTTGGCCGTGATTAAATACACATACCAAAACAAAGTG
GTGAAGGTTCTCAGACCAGCTGAAGGAGGAAAAACAGTTATGGACATCATTTCAAGACAAGACCA
GAGAGGGAGTGGACAAGTTGTCACTTATGCTCTCAACACATTCACCAACTTGGTGGTGCAGCTTAT
CCGGAACATGGAAGCTGAGGAAGTGTTAGAGATGCAAGACTTATGGTTGTTGAGGAAGCCAGAGA
AAGTGACCAGATGGTTGCAGAGCAATGCGATGGGATAGACTCAAACGAATGGCGGTCAGTGGAGAT
GACTGCGTTGTGAAGCCAATCGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGACATGGGA
AAAGTTAGGAAAGACACACAGGAGTGGAAACCCTCGACTGGATGGAGCAATTGGGAAGAAGTCC
CGTTCTGCTCCCACCACTTCAACAAGCTGTACCTCAAGGATGGGAGATCCATTGTGGTCCCTTGCC
GCCACCAAGATGAACTGATTGGCCGAGCTCGCGTCTCACCAGGGGCAGGATGGAGCATCCGGGAG
ACTGCCTGTCTTGCAAAATCATATGCGCAGATGTGGCAGCTCCTTTATTTCCACAGAAGAGACCTT
CGACTGATGGCTAATGCCATTTGCTCGGCTGTGCCAGTTGACTGGGTACCAACTGGGAGAACCACC
TGGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAGGACATGCTCATGGTGTGGAATAGAGT
GTGGATTGAGGAGAACGACCATATGGAGGACAAGACTCCTGTAACAAAATGGACAGACATTCCCT
ATCTAGGAAAAAGGGAGGACTTATGGTGTGGATCCCTTATAGGGCACAGACCCCGCACCACTTGG
GCTGAAAACATCAAAGACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACAT
GGACTATCTATCCACCCAAGTCCGCTACTTGGGTGAGGAAGGGTCCACACCCGGAGTGTTGTAAGC
ACCAATTTTAGTGTTGTCAGGCCTGCTAGTCAGCCACAGTTTGGGGAAAGCTGTGCAGCCTGTAAC
CCCCCCAGGAGAAGCTGGGAAACCAAGCTCATAGTCAGGCCGAGAACGCCATGGCACGGAAGAA
GCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAAGCGCA
GGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGACTAGCT
GTGAATCTCCAGCAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATT
GACGCTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCG
AACAGCGGCGGCCGGTGTGGGGAAATCCATGGTTTCT
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AY632535.2 NC 012532.1 Zika virus strain MR 766, Uganda, complcte gcnome (SEQ ID
NO: 12)

AGTTGTTGATCTGTGTGAGTCAGACTGCGACAGTTCGAGTCTGAAGCGAGAGCTAACAACAGTATC
AACAGGTTTAATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCCAAAGAAGAAATCC
GGAGGATCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTAAACCCCTTGGGAGGTTTG
AAGAGGTTGCCAGCCGGACTTCTGCTGGGTCATGGACCCATCAGAATGGTTTTGGCGATACTAGCC
TTTTTGAGATTTACAGCAATCAAGCCATCACTGGGCCTTATCAACAGATGGGGTTCCGTGGGGAAA
AAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTTGCTGCCATGTTGAGAATAATCAA
TGCTAGGAAAGAGAGGAAGAGACGTGGCGCAGACACCAGCATCGGAATCATTGGCCTCCTGCTGA
CTACAGCCATGGCAGCAGAGATCACTAGACGCGGGAGTGCATACTACATGTACTTGGATAGGAGC
GATGCCGGGAAGGCCATTTCGTTTGCTACCACATTGGGAGTGAACAAGTGCCACGTACAGATCAT
GGACCTCGGGCACATGTGTGACGCCACCATGAGTTATGAGTGCCCTATGCTGGATGAGGGAGTGG
AACCAGATGATGTCGATTGCTGGTGCAACACGACATCAACTTGGGTTGTGTACGGAACCTGTCATC
ACAAAAAAGGTGAGGCACGGCGATCTAGAAGAGCCGTGACGCTCCCTTCTCACTCTACAAGGAAG
TITGCAAACGCGGTCGCAGACCIGGTTAGAATCAAGAGAATACACGAAGCACTTGATCAAGGTITGA
AAACTGGATATTCAGGAACCCCGGGTTTGCGCTAGTGGCCGTTGCCATTGCCTGGCTTTTGGGAAG
CTCGACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGTATCAG
GTGCATTGGAGTCAGCAATAGAGACTTCGTGGAGGGCATGTCAGGTGGGACCTGGGTTGATGTTG
TCTTGGAACATGGAGGCTGCGTTACCGTGATGGCACAGGACAAGCCAACAGTCGACATAGAGTTG
GTCACGACGACGGTTAGTAACATGGCCGAGGTAAGATCCTATTGCTACGAGGCATCGATATCGGA
CATGGCTTCGGACAGTCGTTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTC
AATATGTCTGCAAAAGAACATTAGTGGACAGAGGTTGGGGAAACGGTTGTGGACTTTTTGGCAAA
GGGAGCTTGGTGACATGTGCCAAGTTTACGTGTTCTAAGAAGATGACCGGGAAGAGCATTCAACC
GGAAAATCTGGAGTATCGGATAATGCTATCAGTGCATGGCTCCCAGCATAGCGGGATGATTGGAT
ATGAAACTGACGAAGATAGAGCGAAAGTCGAGGTTACGCCTAATTCACCAAGAGCGGAAGCAAC
CTTGGGAGGCTTTGGAAGCTTAGGACTTGACTGTGAACCAAGGACAGGCCTTGACTTTTCAGATCT
GTATTACCTGACCATGAACAATAAGCATTGGTTGGTGCACAAAGAGTGGTTTCATGACATCCCATT
GCCTTGGCATGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAGGCATTGGTAGAAT
TCAAGGATGCCCACGCCAAGAGGCAAACCGTCGTCGTTCTGGGGAGCCAGGAAGGAGCCGTTCAC
ACGGCTCTCGCTGGAGCTCTAGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTTCTCTGGCCA
TTTGAAATGCCGCCTAAAAATGGACAAGCTTAGATTGAAGGGCGTGTCATATTCCTTGTGCACTGC
GGCATTCACATTCACCAAGGTCCCAGCTGAAACACTGCATGGAACAGTCACAGTGGAGGTGCAGT
ATGCAGGGACAGATGGACCCTGCAAGATCCCAGTCCAGATGGCGGTGGACATGCAGACCCTGACC
CCAGTTGGAAGGCTGATAACCGCCAACCCCGTGATTACTGAAAGCACTGAGAACTCAAAGATGAT
GTTGGAGCTTGACCCACCATTTGGGGATTCTTACATTGTCATAGGAGTTGGGGACAAGAAAATCAC
CCACCACTGGCATAGGAGTGGTAGCACCATCGGAAAGGCATTTGAGGCCACTGTGAGAGGCGCCA
AGAGAATGGCAGTCCTGGGGGATACAGCCTGGGACTTCGGATCAGTCGGGGGTGTGTTCAACTCA
CTGGGTAAGGGCATTCACCAGATTTTTGGAGCAGCCTTCAAATCACTGTTTGGAGGAATGTCCTGG
TTCTCACAGATCCTCATAGGCACGCTGCTAGTGTGUGTTAGGTTTGAACACAAAGAATGGATCTATC
TCCCTCACATGCTTGGCCCTGGGGGGAGTGATGATCTTCCTCTCCACGGCTGTTTCTGCTGACGTGG
GGTGCTCAGTGGACTTCTCAAAAAAGGAAACGAGATGTGGCACGGGGGTATTCATCTATAATGAT
GTTGAAGCCTGGAGGGACCGGTACAAGTACCATCCTGACTCCCCCCGCAGATTGGCAGCAGCAGT
CAAGCAGGCCTGGGAAGAGGGGATCTGTGGGATCTCATCCGTTTCAAGAATGGAAAACATCATGT
GGAAATCAGTAGAAGGGGAGCTCAATGCTATCCTAGAGGAGAATGGAGTTCAACTGACAGTTGTT
GTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAAAGATTGCCAGTGCCTGTGAATGAGCT
GCCCCATGGCTGGAAAGCCTGGGGGAAATCGTATITTGTTAGGGCGGCAAAGACCAACAACAGTT
TTGTTGTCGACGGTGACACACTGAAGGAATGTCCGCTTGAGCACAGAGCATGGAATAGTTTTCTTG
TGGAGGATCACGGGTTTGGAGTCTTCCACACCAGTGTCTGGCTTAAGGTCAGAGAAGATTACTCAT
TAGAATGTGACCCAGCCGTCATAGGAACAGCTGTTAAGGGAAGGGAGGCCGCGCACAGTGATCTG
GGCTATTGGATTGAAAGTGAAAAGAATGACACATGGAGGCTGAAGAGGGCCCACCTGATTGAGAT
GAAAACATGTGAATGGCCAAAGTCTCACACATTGTGGACAGATGGAGTAGAAGAAAGTGATCTTA
TCATACCCAAGTCTTTAGCTGGTCCACTCAGCCACCACAACACCAGAGAGGGTTACAGAACCCAA
GTGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATCCGGTTTGAGGAATGTCCAGGCACCAAGGT
TTACGTGGAGGAGACATGCGGAACTAGAGGACCATCTCTGAGATCAACTACTGCAAGTGGAAGGG
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TCATTGAGGAATGGTGCTGTAGGGAATGCACAATGCCCCCACTATCGTTTCGAGCAAAAGACGGC
TGCTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAGAGCAACTTAGTGAGGTCAATGGT
GACAGCGGGGTCAACCGATCATATGGACCACTTCTCTCTTGGAGTGCTTGTGATTCTACTCATGGT
GCAGGAGGGGTTGAAGAAGAGAATGACCACAAAGATCATCATGAGCACATCAATGGCAGTGCTG
GTAGTCATGATCTTGGGAGGATTTTCAATGAGTGACCTGGCCAAGCTTGTGATCCTGATGGGTGCT
ACTTTCGCAGAAATGAACACTGGAGGAGATGTAGCTCACTTGGCATTGGTAGCGGCATTITAAAGTC
AGACCAGCCTTGCTGGTCTCCTTCATTTTCAGAGCCAATTGCGACACCCCGTGAGAGCATGCTGCTA
GCCCTGGCTTICGTGICTICTIGCAAACTGCGATCTICTIGCTICTTGAAGGIGACTTGATGGTCCICATTA
ATGGATTTGCTTTGGCCTGGTTGGCAATTCGAGCAATGGCCGTGCCACGCACTGACAACATCGCTC
TACCAATCTTGGCTGCTCTAACACCACTAGCTCGAGGCACACTGCTCGTGGCATGGAGAGCGGGCC
TGGCTACTTGTGGAGGGATCATGCTCCTCTCCCTGAAAGGGAAAGGTAGTGTGAAGAAGAACCTG
CCATTTGTCATGGCCCTGGGATTGACAGCTGTGAGGGTAGTAGACCCTATTAATGTGGTAGGACTA
CTGTTACTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGTGAAGTTCTCACAGCCGTTGGCCTG
ATATGTGCACTGGCCGGAGGGTTTGCCAAGGCAGACATTGAGATGGCTGGACCCATGGCTGCAGT
AGGCTTGCTAATTGTCAGCTATGTGGTCTCGGGAAAGAGTGTGGACATGTACATTGAAAGAGCAG
GTGACATCACATGGGAAAAGGACGCGGAAGTCACTGGAAACAGTCCTCGGCTTGACGTGGCACTG
GATGAGAGTGGTGACTTCTCCTTGGTAGAGGAAGATGGTCCACCCATGAGAGAGATCATACTCAA
GGTGGTCCTGATGGCCATCTGTGGCATGAACCCAATAGCTATACCTTTTGCTGCAGGAGCGTGGTA
TGTGTATGTGAAGACTGGGAAAAGGAGTGGCGCCCTCTGGGACGTGCCTGCTCCCAAAGAAGTGA
AGAAAGGAGAGACCACAGATGGAGTGTACAGAGTGATGACTCGCAGACTGCTAGGTTCAACACA
GGTTGGAGTGGGAGTCATGCAAGAGGGAGTCTTCCACACCATGTGGCACGTTACAAAAGGAGCCG
CACTGAGGAGCGGTGAGGGAAGACTTGATCCATACTGGGGGGATGTCAAGCAGGACTTGGTGTCA
TACTGTGGGCCTTGGAAGTTGGATGCAGCTTGGGATGGACTCAGCGAGGTACAGCTTTTGGCCGTA
CCTCCCGGAGAGAGGGCCAGAAACATTCAGACCCTGCCTGGAATATTCAAGACAAAGGACGGGGA
CATCGGAGCAGTTGCTCTGGACTACCCTGCAGGGACCTCAGGATCTCCGATCCTAGACAAATGTGG
AAGAGTGATAGGACTCTATGGCAATGGGGTTGTGATCAAGAATGGAAGCTATGTTAGTGCTATAA
CCCAGGGAAAGAGGGAGGAGGAGACTCCGGTTGAATGTTTCGAACCCTCGATGCTGAAGAAGAA
GCAGCTAACTGTCTTGGATCTGCATCCAGGAGCCGGAAAAACCAGGAGAGTTCTTCCTGAAATAG
TCCGTGAAGCCATAAAAAAGAGACTCCGGACAGTGATCTTGGCACCAACTAGGGTTGTCGCTGCT
GAGATGGAGGAGGCCTTGAGAGGACTTCCGGTGCGTTACATGACAACAGCAGTCAACGTCACCCA
TTCTGGGACAGAAATCGTTGATTITGATGTGCCATGCCACTTTCACTTCACGCTTACTACAACCCATC
AGAGTCCCTAATTACAATCTCAACATCATGGATGAAGCCCACTTCACAGACCCCTCAAGTATAGCT
GCAAGAGGATACATATCAACAAGGGTTGAAATGGGCGAGGCGGCTGCCATTTTTATGACTGCCAC
ACCACCAGGAACCCGTGATGCGTTTCCTGACTCTAACTCACCAATCATGGACACAGAAGTGGAAG
TCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACAGACCATTCTGGGAAAACAGTTTGG
TTCGTTCCAAGCGTGAGAAACGGAAATGAAATCGCAGCCTGTCTGACAAAGGCTGGAAAGCGGGT
CATACAGCTCAGCAGGAAGACTTTTGAGACAGAATTTCAGAAAACAAAAAATCAAGAGTGGGACT
TTGTCATAACAACTGACATCTCAGAGATGGGCGCCAACTTCAAGGCTGACCGGGTCATAGACTCTA
GGAGATGCCTAAAACCAGTCATACTTGATGGTGAGAGAGTCATCTTGGCTGGGCCCATGCCTGTCA
CGCATGCTAGTGCTGCTCAGAGGAGAGGACGTATAGGCAGGAACCCTAACAAACCTGGAGATGAG
TACATGTATGGAGGTGGGTGTGCAGAGACTGATGAAGGCCATGCACACTGGCTTGAAGCAAGAAT
GCTTCTTGACAACATCTACCTCCAGGATGGCCTCATAGCCTCGCTCTATCGGCCTGAGGCCGATAA
GGTAGCCGCCATTGAGGGAGAGTTTAAGCTGAGGACAGAGCAAAGGAAGACCTTCGTGGAACTCA
TGAAGAGAGGAGACCTTCCCGTCTGGCTAGCCTATCAGGTTGCATCTGCCGGAATAACTTACACAG
ACAGAAGATGGTGCTTTGATGGCACAACCAACAACACCATAATGGAAGACAGTGTACCAGCAGAG
GTTTGGACAAAGTATGGAGAGAAGAGAGTGCTCAAACCGAGATGGATGGATGCTAGGGTCTGTTC
AGACCATGCGGCCCTGAAGTCGTTCAAAGAATTCGCCGCTGGAAAAAGAGGAGCGGCTTTGGGAG
TAATGGAGGCCCTGGGAACACTGCCAGGACACATGACAGAGAGGTTTCAGGAAGCCATTGACAAC
CTCGCCGTGCTCATGCGAGCAGAGACTGGAAGCAGGCCTTATAAGGCAGCGGCAGCCCAACTGCC
GGAGACCCTAGAGACCATTATGCTCTTAGGTTTGCTGGGAACAGTTTCACTGGGGATCTTCTTCGT
CTTGATGCGGAATAAGGGCATCGGGAAGATGGGCTTTGGAATGGTAACCCTTGGGGCCAGTGCAT
GGCTCATGTGGCTTTCGGAAATTGAACCAGCCAGAATTGCATGTGTCCTCATTGTTGTGTTTTITATT
ACTGGTGGTGCTCATACCCGAGCCAGAGAAGCAAAGATCTCCCCAAGATAACCAGATGGCAATTA
TCATCATGGTGGCAGTGGGCCTTCTAGGTTTGATAACTGCAAACGAACTTGGATGGCTGGAAAGA
ACAAAAAATGACATAGCTCATCTAATGGGAAGGAGAGAAGAAGGAGCAACCATGGGATTCTCAA
TGGACATTGATCTGCGGCCAGCCTCCGCCTGGGCTATCTATGCCGCATTGACAACTCTCATCACCC
CAGCTGTCCAACATGCGGTAACCACTTCATACAACAACTACTCCTTAATGGCGATGGCCACACAAG
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CTGGAGTGCTGTTTGGCATGGGCAAAGGGATGCCATTTATGCATGGGGACCTTGGAGTCCCGCTGC
TAATGATGGGTTGCTATTCACAATTAACACCCCTGACTCTGATAGTAGCTATCATTCTGCTTGTGGC
GCACTACATGTACTTGATCCCAGGCCTACAAGCGGCAGCAGCGCGTGCTGCCCAGAAAAGGACAG
CAGCTGGCATCATGAAGAATCCCGTTGTGGATGGAATAGTGGTAACTGACATTGACACAATGACA
ATAGACCCCCAGGTGGAGAAGAAGATGGGACAAGTGTTACTCATAGCAGTAGCCATCTCCAGTGC
TGTGCTGCTGCGGACCGCCTGGGGATGGGGGGAGGCTGGAGCTCTGATCACAGCAGCGACCTCCA
CCTTGTGGGAAGGCTCTCCAAACAAATACTGGAACTCCTCTACAGCCACCTCACTGTGCAACATCT
TCAGAGGAAGCTATCIGGCAGGAGCTICCCTTATCIATACAGTGACGAGAAACGCTGGCCTGGTITA
AGAGACGTGGAGGTGGGACGGGAGAGACTCTGGGAGAGAAGTGGAAAGCTCGTCTGAATCAGAT
GTCGGCCCTGGAGTTCTACTCTTATAAAAAGTCAGGTATCACTGAAGTGTGTAGAGAGGAGGCTCG
CCGTGCCCTCAAGGATGGAGTGGCCACAGGAGGACATGCCGTATCCCGGGGAAGTGCAAAGATCA
GATGGTTGGAGGAGAGAGGATATCTGCAGCCCTATGGGAAGGTTGTTGACCTCGGATGTGGCAGA
GGGGGCTGGAGCTATTATGCCGCCACCATCCGCAAAGTGCAGGAGGTGAGAGGATACACAAAGG
GAGGTCCCGGTCATGAAGAACCCATGCTGGTGCAAAGCTATGGGTGGAACATAGTICGTCTCAAG
AGTGGAGTGGACGTCTTCCACATGGCGGCTGAGCCGTGTGACACTCTGCTGTGTGACATAGGTGAG
TCATCATCTAGTCCTGAAGTGGAAGAGACACGAACACTCAGAGTGCTCTCTATGGTGGGGGACTG
GCTTGAAAAAAGACCAGGGGCCTTCTGTATAAAGGTGCTGTGCCCATACACCAGCACTATGATGG
AAACCATGGAGCGACTGCAACGTAGGCATGGGGGAGGATTAGTCAGAGTGCCATTGTGTCGCAAC
TCCACACATGAGATGTACTGGGTCTCTGGGGCAAAGAGCAACATCATAAAAAGTGTGTCCACCAC
AAGTCAGCTCCTCCTGGGACGCATGGATGGCCCCAGGAGGCCAGTGAAATATGAGGAGGATGTGA
ACCTCGGCTCGGGTACACGAGCTGTGGCAAGCTGTGCTGAGGCTCCTAACATGAAAATCATCGGC
AGGCGCATTGAGAGAATCCGCAATGAACATGCAGAAACATGGTTTCTTGATGAAAACCACCCATA
CAGGACATGGGCCTACCATGGGAGCTACGAAGCCCCCACGCAAGGATCAGCGTCTTCCCTCGTGA
ACGGGGTTGTTAGACTCCTGTCAAAGCCTTGGGACGTGGTGACTGGAGTTACAGGAATAGCCATG
ACTGACACCACACCATACGGCCAACAAAGAGTCTTCAAAGAAAAAGTGGACACCAGGGTGCCAG
ATCCCCAAGAAGGCACTCGCCAGGTAATGAACATAGTCTCTTCCTGGCTGTGGAAGGAGCTGGGG
AAACGCAAGCGGCCACGCGTCTGCACCAAAGAAGAGTTTATCAACAAGGTGCGCAGCAATGCAGC
ACTGGGAGCAATATTTGAAGAGGAAAAAGAATGGAAGACGGCTGTGGAAGCTGTGAATGATCCA
AGGTTTTGGGCCCTAGTGGATAGGGAGAGAGAACACCACCTGAGAGGAGAGTGTCACAGCTGTGT
GTACAACATGATGGGAAAAAGAGAAAAGAAGCAAGGAGAGTTCGGGAAAGCAAAAGGTAGCCGC
GCCATCTGGTACATGTGGTTGGGAGCCAGATTCTTGGAGTTTGAAGCCCTTGGATTCTTGAACGAG
GACCATTGGATGGGAAGAGAAAACTCAGGAGGTGGAGTCGAAGGGTTAGGATTGCAAAGACTTG
GATACATTCTAGAAGAAATGAATCGGGCACCAGGAGGAAAGATGTACGCAGATGACACTGCTGGC
TGGGACACCCGCATTAGTAAGTTTGATCTGGAGAATGAAGCTCTGATTACCAACCAAATGGAGGA
AGGGCACAGAACTCTGGCGTTGGCCGTGATTAAATACACATACCAAAACAAAGTGGTGAAGGTTC
TCAGACCAGCTGAAGGAGGAAAAACAGTTATGGACATCATTTCAAGACAAGACCAGAGAGGGAG
TGGACAAGTTGTCACTTATGCTCTCAACACATTCACCAACTTGGTGGTGCAGCTTATCCGGAACAT
GGAAGCTGAGGAAGTGTTAGAGATGCAAGACTTATGGTTGTTGAGGAAGCCAGAGAAAGTGACCA
GATGGTTGCAGAGCAATGGATGGGATAGACTCAAACGAATGGCGGTCAGTGGAGATGACTGCGTT
GTGAAGCCAATCGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGACATGGGAAAAGTTAG
GAAAGACACACAGGAGTGGAAACCCTCGACTGGATGGAGCAATTGGGAAGAAGTCCCGTTCTGCT
CCCACCACTTCAACAAGCTGTACCTCAAGGATGGGAGATCCATTGTGGTCCCTTGCCGCCACCAAG
ATGAACTGATTGGCCGAGCTCGCGTCTCACCAGGGGCAGGATGGAGCATCCGGGAGACTGCCTGT
CTTGCAAAATCATATGCGCAGATGTGGCAGCTCCTTTATTTCCACAGAAGAGACCTTCGACTGATG
GCTAATGCCATTTGCTCGGCTGTGCCAGTTGACTGGGTACCAACTGGGAGAACCACCTGGTCAATC
CATGGAAAGGGAGAATGGATGACCACTGAGGACATGCTCATGGTGTGGAATAGAGTGTGGATTGA
GGAGAACGACCATATGGAGGACAAGACTCCTGTAACAAAATGGACAGACATTCCCTATCTAGGAA
AAAGGGAGGACTTATGGTGTGGATCCCTTATAGGGCACAGACCCCGCACCACTTGGGCTGAAAAC
ATCAAAGACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTATCT
ATCCACCCAAGTCCGCTACTTGGGTGAGGAAGGGTCCACACCCGGAGTGTTGTAAGCACCAATTTT
AGTGTTGTCAGGCCTGCTAGTCAGCCACAGTTTGGGGAAAGCTGTGCAGCCTGTAACCCCCCCAGG
AGAAGCTGGGAAACCAAGCTCATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTG
CCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAAGCGCAGGATGGGAA
AAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGACTAGCTGTGAATCTCC
AGCAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGTGGGA
AAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAACTTCGGCG
GCCGGTGTGGGGAAATCCATGGTTTCT
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>Chimcric Asian ZIKV Scquence H/PF/2013 polyprotcin flanked with conscnsus sequence

from other strains (SEQ ID NO: 13)

GTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCA
ACAGGTTTTATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCG
GAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGA
AGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCT
TTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAA
AAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAAT
GCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGAC
CACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACG
ACGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGG
ATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAA
CCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCAC
AAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCT
GCAAACGCGGICGCAAACCIGGTTGGAATCAAGAGAATACACAAAGCACTITGATTAGAGICGAAA
ATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCT
CAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGT
GCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTT
ACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCGGACAT
GGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAAT
ATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGG
AGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGA
GAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGA
CACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCC
GAAGCCACCCTGGGGGGTTTTGOGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTT
TCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGAC
ATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACT
GGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAG
CAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCC
TCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTG
TGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGA
GGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAA
CTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTA
AGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAG
AAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAG
AGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTC
TCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAA
TGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATG
GATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCTGTCTCTGC
TGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCT
ATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCA
GCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGTGGGATCTCCTCTGTTTCAAGAATGGAAAA
CATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGA
CGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTG
AACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAA
TAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACA
GCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAG
ATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACA
GTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG
ATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGA
GTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACA
GGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTITGAGGAATGCCCAGGC
ACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAG
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CGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTA
AAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTAGTAAG
GTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCT
GCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCGATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTIG
ATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCIGCTGGCCTTGGCCTICGTGICTTITGCAAACTGCGATCTICCGCCTIGGAAGGCGACCTIGAT
GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAT
AACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
AGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCG
ATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCA
CAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATC
CTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTA
TGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTC
AATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTITCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACAC
CGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAA
AAACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCT
GGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCA
AGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTITAAAGCTGACCGTGT
CATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAA
CCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCT
TGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACC
TGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACC
TTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGA
ATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAG
TGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGAC
GCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGG
AGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGG
AAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCG
GCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTG
GGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTT
GGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATT
GTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAAC
CAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGA
TGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCA
TAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAA
CTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGA
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TGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTG
GAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCA
TTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCC
AGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATT
GACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGC
CGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAG
CGGCAACTTCCACTTTGTGGGAAGGCTCTCCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCAC
TGITGTAACATTITTIAGGGGAAGITACITGGCTIGGAGCITCICTAATCTACACAGTAACAAGAAACG
CTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCG
CTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAG
AGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAA
GTGCAAAGCTGAGATGGTTGGTGCGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTT
GGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGG
ATACACAAAAGGAGGCCCTGGTCATGAAGAACCCATGTTGGTGCAAAGCTATGGGTGGAACATAG
TCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTG
ACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATG
GTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAG
CACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCAC
TCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGT
GTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCCAGGAGGCCAGTGAAATATGA
GGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGA
AGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAG
AACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTC
CTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGG
AATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTA
GGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAG
AGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGC
AATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGA
ACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCA
GAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTC
TTGAACGAGGATCACTGGATGGGUGAGAGAGAACTCAGGAGGTGGTGTTCGAAGGGCTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACA
CTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCGAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTC
GGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAA
GTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGA
TTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCG
TTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGC
CACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGAC
TGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCG
ACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTG
GTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGT
GGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTAT
TTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGC
TGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGG
ACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCAC
CAATCTTAGTGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCC
CCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGC
CATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGG
ATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGT
GGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTG
ACGCTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGA
ATAGCGGCGGCCGGTGTGGGGAAATCC
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In some embodiments, the Zika virus has a RNA genome corresponding to the DNA
sequence provided by the nucleic acid sequence of any one of SEQ ID NOs: 2-13. In some
embodiments, the Zika virus has a variant genome that is at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%., 96%, 97%, 98%, 99%,
99.5%, 99.6%, 99.7%, 99.8% or 99.9% identical to any one of SEQ ID NOs: 2-13.

Provided below are amino acid sequences of the E-proteins of Zika strains that may

be used in the methods, compositions, and/or vaccines described herein.

isol-ARB15076.AHF49784.1.Central African_Republic/291-788 Flavivirus envelope glycoprotein
E. (SEQ ID NO: 14)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNN
KHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGAL
EAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGK
AFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGL
NTKNGSISLTCLALGGVMIFLSTAVSA

isol-IbH 30656.AEN75265.1.Nigeria/291-788 Flavivirus envelope glycoprotein E. (SEQ ID NO:
15)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNN
KHWLVHKEWFHDIPLPWHSGADTETPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGAL
FAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGRDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSIIGK
AFCATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIIQIFGAAFKSLFGGMSWFSQILIGTLLVWLGL
NTKNGSISLTCLALGGVMIFLSTAVSA

ArB1362. AHL43500.1.-/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 16)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVIIGSQIISGMIVNDXXXXXXXNRALVEVTPNSPRAFATLGGFGSLGLDCEPRTGLDFESDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVIVEVQY A
GTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWH
RSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIIIQIFGAAFKSLFGGMSWESQILIG
TLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArD128000.AHL43502.1.-/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 17)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMXXXXXGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKIIRLVRKEWFIIDIPLPWITAGADTGTPITWNNKEALVEFKDAITAKRQTVVVLGSQEGAVIIT
ALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVIVEVQY A
GTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWL
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KKGSSIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGVHQIFGAAFKSLFGGMSWFSQILIG
TLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArD158095.AHL43505.1.-/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NQO: 18)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSY CYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY
LTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTA
LAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVIVEVQYAGT
DGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGV GDKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFEFSQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArD158084.AHL.43504.1.-/291-794 Flavivirus envelope glycoprotein . (SEQ 1D NO: 19)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGFAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY
LTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTA
LAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVIVEVQYAGT
DGPCKVPAQMAVDMQTLTPVGRLITANPYITESTENSKMMLELDPPEGDSYIVIGY GDKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA
is0l-ARB13565.AHF49783.1.Central_African_Republic/291-794 Flavivirus envelope glycoprotein
E. (SEQ ID NO: 20)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY
LTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTA
LAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVIVEVQYAGT
DGPCKVPAQMAVDMQTLTPVGRLITANPYITESTENSKMMLELDPPEGDSYIVIGYV GDKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGVHQIFGAAFKSLFGGMSWFESQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

isol-ARB7701.AHF49785.1. Central_Afric an_Republic/ 291-794 Flavivirus envelope glycoprotein
E.(SEQ ID NO: 21)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY
LTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTA
LAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGT
DGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGV GDKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGVHQIFGAAFKSLFGGMSWESQILIGTL
LYVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

isol-ArD_41519.AEN75266.1.Senegal/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO:
22)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALFAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYA
GTDGPCKVPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWH
RSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWESQILIG
TLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

MR766-NIID.BAP47441.1.Uganda/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO:

23)

60

619



10

15

20

25

30

35

40

45

50

PATO18/EP/PR3

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMTVNDIGYETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGKLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYA
GTDGPCKIPVOQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHR
SGSTIGKAFCATVRGAKRMAVLGDTAWDFGSVGGVENSLGKGHIQIFGAAFKSLFGGMSWFSQILIGTL
LVWLGLNTKNGSISLITCLALGGVMIFLSTAVSA

LC002520.1/326-829 Zika virus genomic RNA, strain: MR766-NIID, Uganda, Flavivirus
envelope glycoprotein E. (SEQ ID NO: 24)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMTVNDIGYETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGKLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYA
GTDGPCKIPVOQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGV GDKKITHHWHR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LVWLGLNTKNGSISLITCLALGGVMIFLSTAVSA

isol-MR_766.AEN75263.1.Uganda/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 25)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGULEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLYVTCAKFTCSKKMTGKSIQPLEN
LEYRIMLSVHGSQHSGMIVNDTGYETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGKLFSGHLKCRLKMDKLRLKGVSY SLCTAAFTFTKVPAETLHGTVTVEVQYA
GTDGPCKIPVOMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArD7117.AHL43501.1.-/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 26)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY
LTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTA
LAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAVCTAAKVPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

AY632535.2/326-825 NC_O 12532.1 Zika virus strain MR 766, Uganda, Flavivirus envelope
glycoprotein E. (SEQ ID NO: 27)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIGYETDEDRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTM
NNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAG
ALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGP
CKIPVOQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTI
GKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVW
LGLNTKNGSISLTCLALGGVMIFLSTAVSA

MR _766.AAV34151.1.Uganda/291-790 Flavivirus envelope glycoprotein E.

|Q32ZE1|Q32ZEl 9FL (SEQ ID NO: 28)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIGYETDEDRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTM
NNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAG
ALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSY SLCTAAFTFTKVPAETLHGTVTVEVQY AGTDGP
CKIPVOQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTI
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GKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIF GAAFK SLFGGMSWFSQILIGTLLVW
LGLNTKNGSISLTCLALGGVMIFLSTAVSA

MR_766.YP_009227198.1.Uganda/1-500 envelope protein E [Zika virus] (SEQ ID NO: 29)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIGYETDEDRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTM
NNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAG
ALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGP
CKIPVQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGYV GDKKITHHWHRSGSTI
GKAFEATVRGAKRMAVLGDTAWDFGSVGGVENSLGK GIHQIF GAAFK SLFGGMSWFSQILIGTLLVW
LGLNTKNGSISLTCLALGGVMIFLSTAVSA

KU681081.3/308-811 Zika virus isolate Zika virus/H.sapicns-tc/THA/2014/SV0127- 14,

Thailand, Flavivirus envelope glycoprotein E. (SEQ ID NO: 30)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVIIGSQIISGMIVNDTGIIETDENRAKVEITPNSPRACATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHTGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITEGTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVLNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGT
LLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

isol-Zika virus%H.sapiens-tc% THA%2014%SV0127- 14 AMD61710.1.Thailand/291-794

Flavivirus envelope glycoprotein E. (SEQ ID NO: 31)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSY CYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHTGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITEGTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVLNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGT
LLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

CK-ISL _2014.A1C06934.1.Cook_lslands/1-504 Flavivirus envelope glycoprotein E. (Fragment)
OS=Zika virus GN=E PE=4 SV=1 (SEQ ID NO: 32)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSY CYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVIIGSQIISGMIVNDTGIIETDENRAKVEITPNSPRACATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAERTLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

Natal RGN.AMB18850.1.Brazil: Rio Grande do Norte, Natal/291-794 Flavivirus envelope
glycoprotein E.] (SEQ ID NO: 33)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ATLAGAT.FAEMDGAKGRI.SSGHI.LKCRIL.KMDKI.RIL.LKGVSYSL.CTAAFTFTKIPAETL.HGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

is0l-Si323. AMC37200.1.Colombia/1-504 Flavivirus envelope glycoprotein E. (SEQ ID NO: 34)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
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YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KU707826.1/317-820 Zika virus isolatc SSABRI1, Brazil, Flavivirus envelope glycoprotein L.
(SEQ ID NO: 35)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGFAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KUS509998.1/326-829 Zika virus strain Haiti/1225/2014, Haiti, Flavivirus cnvclope glycoprotein E.
(SEQ ID NO: 36)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDESDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGY GEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDEFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

150l-GDZ16001.AML82110.1.China/291-794 Flavivirus ecnvclope glycoprotein E. (SEQ ID NO:
37
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDESDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

BeH819015.AMA12085.1.Brazil/291-794 Flavivirus envelope glycoprotein E.] (SEQ 1D NO: 38)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALCAEMDGAKGRLSSGIILKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLIIGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYITVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

MRS OPY_ Martinique PaRi 2015.AMC33116.1.Martinique/291-794 Flavivirus envelope
glycoprotein E. (SEQ ID NO: 39)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGFAYT.DKQSDTQYVCKRTLVDRGWGNGCGI.FGKGSI.VTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAECMDGAKGRLSSGIILKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLIIGTVIVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYITVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGK GIHQIFGAAFKSLFGGMSWFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA
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KU501215.1/308-811 Zika virus strain PRVABCS9, Puerto Rico, Flavivirus cnvelope
glycoprotein C. (SEQ 1D NO: 40)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPEFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

Haiti%1225%2014. AMB37295.1.Haiti/291-794 Flavivirus envelope glycoprotein E. (SEQ 1D NO:
41)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGFAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKFEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPEFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KUS527068.1/308-811 Zika virus strain Natal RGN, Brazil: Rio Grande do Norte, Natal,

Flavivirus envelope glycoprotein E. (SEQ ID NO: 42)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKFEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPEFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

150l-Z1106027.A1.X35662.1.Suriname/5-508 Flavivirus envelope glycoprotein E. (SEQ 1D NO: 43)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGFAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALCAEMDGAKGRLSSGIILKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLIIGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

isol-FLR.AMM39804.1.Colombia: Barranquilla/29 1-794 Flavivirus cnvclope glycoprotein E.
(SEQ ID NO: 44)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVIL.GDTAWDFGSVGGATNSIL.GKGTHQIFGAAFKSTL.FGGMSWFSQIT.IGTT.
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

PLCal ZV isol-From Vero E6 cells. AHL37808.1.Canada/254-757 Flavivirus cnvclope
glycoprotein E. (SEQ 1D NO: 45)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
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ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

BeH818995. AMA12084.1.Brazil/291-794 Flavivirus envelope glycoprotein E. [Zika virus].
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA
H/PF/2013.AHZ13508.1.French_Polynesia/291-794 Flavivirus envelope glycoprotein E. (SEQ 1D
NO: 47)
IRCIGVSNRDFVEGMSGGTWVDVVLEIIGGCVTVMAQDKPTVDIELVTTTVSNMALEVRSYCYLASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGY GLEKKITIHIWIIRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA
PRVABC59.AMC13911.1.Puerto_Rico/291-794 Flavivirus envelope glycoprotein E. (SEQ TD NO:
48)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITIIIWIIRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KU321639.1/326-829 Zika virus strain ZikaSPH2015, Brazil, Flavivirus envelope glycoprotein E.
(SEQ ID NO: 49)
IRCIGVSNRDFVEGMSGGTWVDIVLEIIGGCVTVMAQDKPTVDICLVTTTVSNMALEVRSYCYLEASISDM
ASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENL
EYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAFEATLGGFGSLGLDCEPRTGLDFSDLYYL
TMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTAL
AGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTD
GPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITIIIWIIRSGS
TIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILTIGTLLM
WLGLNTKNGSISLMCLALGGVLIFLSTAVSA

ZikaSPH2015.ALU33341.1.Brazil/291-794 Flavivirus envelope glycoprotein K. (SEQ TD NO: 50)
IRCIGVSNRDFVEGMSGGTWVDIVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYFEASISDM
ASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENL
EYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAFATLGGFGSLGLDCEPRTGLDFSDLYYL
TMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTAL
AGALEAFMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTD
GPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGS
TIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLM
WLGLNTKNGSISLMCLALGGVLIFLSTAVSA

103344. AMC13912.1.Guatemala/291-794 polyprotein [Zika virus].

103344 AMC13912.1.Guatemala Flavivirus envelope glycoprotein E. (SEQ ID NO: 51)
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IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEIRSYCYEASISDM
ASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENL
EYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYL
TMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTAL
AGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTD
GPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGS
TIGKAFCATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGINIQIFGAAFKSLFGGMSWFSQILIGTLLM
WLGLNTKNGSISLMCLALGGVLIFLSTAVSA
isol-Brazil-ZKV2015.AMD16557.1.Brazil/291-794 Flavivirus envelope glycoprotein E. (SEQ ID
NO: 52)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGEFGSLGLDCEPRTGLDESDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGTQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KU497555.1/308-811 Zika virus isolate Brazil-ZKV?20135, Flavivirus envelope glycoprotein E.
(SEQ ID NO: 53)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDEFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKFEALVEFKDAHAKRQTVVVLGTQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

1801-ZJ03. AMM39806.1.China/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 54)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGLEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGARRMAVLGDTAWDFGSVGGALNSLGKGIIIQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

isol-FSS13025.AFD30972.1.Cambodia/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO:
55)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGLEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LVWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

i501-Z1106032.ALX35660.1.Suriname/291-794 Flavivirus envelope glycoprotein E. [Zika virus]
(SEQ ID NO: 56)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
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GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNAKNGSISLMCLALGGVLIFLSTAVSA

1501-Z1106033.ALX35659.1.Suriname/291-794 Flavivirus envelope glycoprotein E. [Zika virus]
(SEQ ID NO: 57)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALFAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNAKNGSISLMCLALGGVLIFLSTAVSA

is0l-BeH828305.AMK491635.1.Brazil/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO:
58)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDTQTLTPVGRLITANPVITESTENSKMMLELDPPEFGDSYIVIGY GEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

i50l-GD01.AMK79468.1.China/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 59)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNGTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

150l-Z1106031.AL.X35661.1.Suriname/291-794 Flavivirus envelope glycoprotein E. (SEQ 1D NO:
60)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVIIGSQIISGMIVNDTGIIETDENRAKVEITPNSPRACATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAERTLHGTVTVEVQYAG
TDGPCKVLAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGT
LLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

ACD75819.1.Micronesia/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 61)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPAVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGV GEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LYVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

KU681082.3/308-811 Zika virus isolate Zika virus/H.sapiens-tc/PHL/2012/CPC-0740,
Philippines, Flavivirus envelope glycoprotein E. (SEQ 1D NO: 62)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD

MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
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YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKFEFALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFEFSQILIGTL
LVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

1sol-Zika virus%H.sapicns-tc%PHL%62012%CPC-0740.AMDG61711.1.Philippincs/291-794

Flavivirus envelope glycoprotein E. (SEQ ID NO: 63)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGFAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGY GEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

isol-BeH823339.AMKA49164.2.Brazil/291-794 Flavivirus cnvelope glycoprotein E. (SEQ ID NO:
64)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVSTTVSNMAEVRSYCYEATISDI
ASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENL
EYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDEFSDLYYL
TMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTAVVLGSQEGAVHTAL
AGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAGTD
GPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGS
TIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTLLM
WLGLNTKNGSISLMCLALGGVLIFLSTAVSA

i50l-P6-740.AEN75264.1.Malaysia/291-794 Flavivirus cnvelope glycoprotein E. (SEQ 1D NO: 65)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDXGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALCAEMDGAKGRLSSGIILKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLIIGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWXR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGT
LLVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

KU744693.1/326-829 Zika virus isolate VE_Ganxian, China, Flavivirus cnvclope glycoprotcin E.
(SEQ ID NO: 66)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTAMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMLVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDL
YYLTMNNKHWLAHKEWFHDIPLPWHAGAATGTPHWNNKFEALVEFKDAHAKRQTVVVLGSQEGAVH
TALAGALCAEMDGAKGRLSSGIILKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAECTVDGTVTVEGQYG
GTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWH
RSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGTHQIIGAAFKSLFGGMSWFSQILIGT
LLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSG

isol-VE_Ganxian. AMK79469.1.China/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO:
67)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTAMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGFAYT.DKQSDTQYVCKRTLVDRGWGNGCGI.FGKGSI.VTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMLVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDL
YYLTMNNKHWLAHKEWFHDIPLPWHAGAATGTPHWNNKFEALVEFKDAHAKRQTVVVLGSQEGAVH
TALAGALEAEMDGAKGRLSSGIILKCRLKMDKLRLKGVSYSLCTAAFTFTKIPACTVDGTVIVEGQYG
GTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWH
RSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIIGAAFKSLFGGMSWFSQILIGT
LLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSG
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ArD157995.AHL43503.1.-/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 68)
ISCIGVSNRDLVEGMSGGTWVDVVLEHGGCVTEMAQDKPTVDIELVIMTVSNMAEVRSYCYEASLSD
MASASRCPTQGEPSLDKQSDTQSVCKRTLGDRGWGNGCGIFGKGSLVTCSKFTCCKKMPGKSIQPENL
EYRIMLPVHGSQHSGMIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY YL
TMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTAL
AGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQSAGTD
GPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSG
STIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVENSLGK GIHQIFGAAFKSLFGGMSWFSQILIGTLL
VWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

MR _766.AB154475.1.Uganda/291-788 Flavivirus envelope glycoprotein E. (SEQ 1D NO: 69)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD

MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNN

KHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEAL VEFKDAHAKRQTVVVLGSQEGAVHTALAGAL

EAEMDGAKGRLFSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGK

AFEATVRGAKRMAVLGDTAWDFGSVGGYEFNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTLLVWLGL
NTKNGSISLTCLALGGVMIFLSTAVSA

In some embodiments, the Zika virus has polyprotein, including an envelope (E)
protein, with an amino acid sequence provided by any one of SEQ ID NO: 14-69. In some
embodiments, the polyprotein or E protein sequence is at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%., 96%, 97%, 98%, 99%,
99.5%, 99.6%, 99.7%, 99.8% or 99.9% identical to any one¢ of SEQ ID NOs: 2-69.

The terms "identical" or percent "identity" in the context of two or more nucleic acids
or amino acid sequences refer to two or more sequences or subsequences that are the same.
Two sequences are "substantially identical” if two sequences have a specified percentage of
amino acid residues or nucleotides that are the same (e.g., at least 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% identity) over a specified region or over the entire sequence, when
compared and aligned for maximum correspondence over a comparison window, or
designated region as measured using one of the following sequence comparison algorithms or
by manual alignmcnt and visual inspcction. Optionally, the identity cxists over a region that
is at least about 50 nucleotides (or 10 amino acids) in length, or more preferably over a region
that is 100 to 500 or 1000 or more nucleotides (or 20, 50, 200 or more amino acids) in length.

In some cmbodiments, the identity cxists over the length of a protein, such as the E protein.
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For sequence comparison, typically one sequence acts as a reference sequence, to
which test scquences arc comparcd. Mcthods of alignment of scquences for comparison arc
well known in the art. See, e.g., by the local homology algorithm of Smith and Waterman
(1970) Adv. Appl. Math. 2:482c, by the homology alignment algorithm of Needleman and
Wunsch, J. Mol. Biol. 48:443, 1970, by the search for similarity method of Pearson and
Lipman. Proc. Natl. Acad. Sci. USA 85:2444, 1988, by computcrized implementations of
these algorithms (GAP, BESTFIT, FASTA, Jalview and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group. 575 Science Or., Madison. WI), by multi
sequence alignment implementation using e.g. CLUSTALW (Larkin et al., (2007).
Bioinformatics, 23, 2947-2948.) or MAFFT (Katoh & Toh 2008 Briefings in Bivinformatics 9:286-

298), or by manual alignment and visual inspection (see. e.g., Brent et al., Current Protocols in
Molecular Biology, John Wiley & Sons, Inc. (Ringbou ed., 2003)). Two examples of
algorithms that are suitable for determining percent sequence identity and sequence similarity
are the BLAST and BLAST 2.0 algorithms, which are described in Altschul et al., Nuc. Acids
Res. 25:3389-3402, 1977; and Altschul et al., J. Mol. Biol. 215:403-410, 1990, respectively.

EXAMPLES

Example 1: Production of a Zika drug substance suitable for application as a vaccine in

humans and animals

Materials and Methods:

For the production of ZikaV the JEV process platform (Srivastava et al.,, Vaccine 19
(2001) 4557-4565; US 6,309,650B1) was used as a basis. Small changes of certain process
steps were applied to adapt on ZikaV properties and to improve purity. A short summary of

the process steps is outlined below (sce also Figure 8a+b).

Upstream:

. Rollcr Bottle bascd Vero cell cxpansion (25x850cm2 CcllBind):

. 5% CO2, 35°C, MEM-+2mM L-Glutamine+10% FBS

. Infection with ZikaV research Master Seed Bank (rMSB) at MOI 0.01
. Virus Production without scrum
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. 5% CO2, 35°C, MEM+2mM L-Glutamine

. Multiple harvests (days 2, 3, 5 and 7) with re-feed

. Sterile filtration of harvests and storage at 2-8°C until further processing
Downstream:

. Pooling of harvests and concentration by ultrafiltration (100kDa)

. Stabilization of concentrated harvest (Tris/10% sucrose) for storage if required (-
80°C)

. Removal of hcDNA by Protamine Sulphate (2 mg/mlL)

. Sucrose Gradient Purification (optimized three layered gradient)

. Formaldehyde Inactivation (0.02%, 22°C, 10 days), neutralization with Na-
metabisulfite

. Dilution to DS antigen target content and formulation with Aluminium hydroxide

(0.5mg Al/mL)

Definitions & Abbreviations

BSA Bovine serum albumin

HPLC High performance liquid chromatography
JEV  Japanese Encephalitis Virus
MALS Multi angle light scattering

NIV Neutralized inactivated virus
PBS Thosphate buffered saline

rms radius Root mean square radius
RSD Relative standard deviation

SEC Size exclusion chromatography
SGP  Sucrose gradient purified

ZikaV Zika Virus

rMSB research master seed bank

p-i. Post infection

SGC Sucrose gradient chromatography

PS Protamine sulfate
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Zika Virus Strain H/PF/2013 was originally isolated from a 51-year-old woman (SEQ ID
NO: 13). A samplc was obtaincd from Europcan Virus Archive EVAg. Bascd on this

material, a research master seed bank (rMSB) was prepared on vero cells as the cell substrate.

Virus growth on Vero Cells

Vero cells were grown in Eagle's minimal essential medium (EMEM) containing 10%
fetal bovine serum (FBS). Roller bottle cultures of Vero cell monolayers were infected with
Zika Virus Strain H/PF/2013 at a multiplicity of infection (moi) of 0.01 plaque forming units
(pfu) per cell. After 2 hours of virus adsorption, the cultures were washed 3 times with PBS
and fed with EMEM without FBS and incubated at +35°C with 5% CO,. Infected Vero cell
cultures were incubated until the virus titer reaches a desired level.

The culture medium was harvested at days 2, 3, 5 and 7 and were pooled from those
harvest days and then centrifuged in standard centrifuge. The supernatants were then filtered.
Virus culture supernatants were concentrated by TFF ultrafiltration to remove cell culture

media components and reduce batch volume.

Evaluation of harvest Procedure

The current JEV harvest process has scheduled harvests on days 3, 5, 7 and 9 post
infection. To mimic the JEV process roller bottles infected with ZIKV bank P4-FBS at an
MOI of 0.01 in infection medium (MEM with 2% FBS + 2mM L-glutamine) for 2 hours.
After removing the inoculum the cells were washed twice with PBS and 200mL production
medium (MEM+ 2mM L-glutamine) was added.

After taking a sample on day 2 the first virus harvest was conducted on day 3 after
infection. At this point significant higher CPE could be observed compared to cells where
virus was removed on day 2. Plaque assay analysis showed that the viral titers on day 2 were
in the same range as for the standard harvesting schedule. However, starting with day 3
harvest the observed titers were significantly lower correlating with the increased CPE
observed compared to the standard harvest schedule. On day 5 post infection no more living
cells could be observed at all and the experiment was terminated with a final day 5 harvest.
The calculated titers per plaque assay are summarized in the list below:

Log 10 PFU/mL
sample day2 7.02
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harvest day 3 6.66
harvest day 5 6.26

This finding led to an optimized harvest schedule to better control of CPE and allow
additional harvest day 5 and 7, see Figure 19. For both harvest days the optimized ZikaV
protocol yicld significant highcer virus titers comparcd to the modificd protocol showing that
the time of the first harvest is crucial for production yields. Additionally first harvesting at
day 3 results in maximum 2 harvest points whereas first harvesting at day 2 allows for 4

harvest points further increasing the yield gain.

Downstream Purification of Zika virus

The purification process was carried out at room temperature (18-22 °C) unless stated
otherwise. Virus purification started with concentration of filtered combined harvest using
100 kDa cut-off TFF ultrafiltration modules to remove cell culture media components and
reduce batch volume. After concentration, the pooled filtered harvest material was adjusted to
a final concentration of 25 mM Tris pH 7.5 and 10% sucrose (w/w) using stock solution of
both components (see Figure 9 for SEC_HPLC of different harvests prior to PS treatment).
This allowed for freezing the concentrated harvest at <-65°C if required.

Host cell DNA and protein reduction as well reduction of non-infectious virus
aggregates in the concentrated material was achieved by precipitation with protamine
sulphate (2 mg/mL) followed by sucrose density centrifugation (2-8°C) as final polishing step
(see Figure 10 for SEC HPLC of different harvests post PS treatment). The purification
process was designed to be completed within 2 working days with SGC starting on end of
day 1 followed by fractionation and SDS-PAGE analysis on day 2. The sucrose gradient
fractions were stored at 2-8 °C during the SDS-PAGE analysis (Silver staining) to identify
the pure fractions containing ZikaV (see Figure 12). After pooling the relevant fractions, the
pool was diluted and inactivated by Formalin. After pooling the relevant fractions of sucrose
gradient centrifugation, the pool was diluted 1:3 in PBS and inactivated by Formalin (0.02%
v/v, 200ppm). Fractions were subjected to analysis by SDS-PAGE.

Effect of PS treatment on virus recovery
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Samples of individual 30x concentrated harvests day 2, 3, 5 and 7 were analysed
before and after PS trecatment by SEC-HPLC and plaque assay. SEC-HPLC was uscd for
determination of relative total ZikaV content (active + inactive) expressed as peak area,
whereas the rel. ZikaV peak purity is given as relative content of virus monomer population
to total virus peak. Plaque assay states the content of total active virus particles in each
samplc. Experimental results arc summarized in Table 1. The virus peak recovery by SEC.
HPLC was only between 12 to 36% with peak purity after PS treatment in the range of >90%
(no virus aggregates detected). The recovery of active virus particles by plaque assay was all
> 100% (130-700%, range within the variability of the assay) showing that no active virus
particles were lost during PS treatment. These results show that during IS treatment only

non-infective (immature and/or aggregated virus) particles were removed.

Table 1: ZikaV Recovery by SEC-HPLC and Plaque assay before and after PS

trcatment.
SEC-HPLC
Peak area mAU*min

30x rel. virus monomer
Harvest day cone 30x +PS SEC Recovery (%) content after PS (%)
Day 2 101.36 18.63 18 89%
Day 3 144.51 17.48 12 90%
Day 5 19.97 5.92 30 96%
Day 7 68.80 24.43 36 99%
Plaque Assay

PFU/mL

30x Plaque Recovery
Harvest day conc 30x +PS (%)
Day 2 3E+08 5E+08 179
Day 3 2E+08 4E+08 193
Day 5 1E+08 9E+08 700
Day 7 3E+08 4E+08 132

Sucroese gradient centrifugation

The PS treated harvest was split in two parts and loaded on two centrifuge bottles.
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Sucrose density gradient centrifugation (SGC) was used for final concentration and
polishing of the ZikaV matcrial. The ZikaV PS trcated concentrated harvest was loaded on
top of a solution consisting of three layers of sucrose with different density. The three sucrose
layers were selected based on a preliminary study which showed the formation of a linear
sucrose gradient and complete separation of the virus particles from residual contaminants as
demonstrated for ChikV, sce Figure 13. The optimal volumces of the sucrosc solutions were
determined empirically. The volumes of individual layers for a centrifugation in 100 mL

bottle scale are shown in Table 2.

Table 2: Individual layers/volumes for a centrifugation in bottle
~40 mL PS treated harvest load Load

15 mL 15 % Sucrose solution J

15 mL 35 % Sucrosc solution 1

20 mL 50 % Sucrose solution H

90 mL total volume

The sucrose gradient bottles were prepared by stratifying the individual sucrose
layers. A plastic tube was attached to peristaltic pump tubing. The plastic tube was mounted
on a laboratory stand using a clamp and placed into the centrifuge bottle. The nozzle of the
plastic tube was touching the bottom of the bottle (see Figure 11). Using a peristaltic pump
the ZikaV material and the sucrose solutions were pumped into the cylinder. A measuring
cylinder was used as feed vessel. The first solution pumped was the ZikaV material as it
represented the solution of lowest density (10 % sucrose (w/w)). After the ZikaV material the
sucrose solutions were pumped in ascending order starting with the 15 % (w/w) solution J,
followed by 35 % sucrose solution I and finishing with the highest density sucrose solution H
(50 % (w/w)). The described setup is shown in Figure 11. After all sucrose solutions were
transferred the plastic tubing was carefully removed in order not to disturb the layers.

Prior to centrifugation the centrifuge was pre-cooled to 4 °C. The prepared SG bottles
were carefully transferred into the pre-cooled rotor (Note: Sudden movement of the bottles
during transfer to the rotor must be avoided in order not to disturb the sucrose layers). The
bottles were centrifuged at ~11.000 RCF max at 4 °C for at least 20 hours, no

break/deceleration activated. In case a different centrifuge system with a different rotor is
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used the necessary speed and centrifugation times need to be calculated based on the k-factor

in order to achicvc comparablce centrifugation cfficiency.

Harvesting of the sucrose gradient was done manually using a peristaltic pump. A
plastic tube attached to peristaltic pump tubing was used for harvesting the sucrose gradient.
The bottle containing the gradient was mountcd onto a laboratory stand in a tilted position
(~12°) using a clamp. The plastic tubing was then placed into the bottle touching the bottom
edge of the bottle and was fastened in position using a clamp. This resulted in a small gap of
1-2 mm between the tubing inlet and the bottom of the bottle.

Using a peristaltic pump set to a flow rate of 30 mL per minute the gradient was
harvested and manually split into 2 mL fractions. A total number of 32 fractions per bottle
were harvested (~ 64 mL) and the remaining volume was discarded. The fractions were
immecdiately tested by SDS-PAGE / silver stain to identify the virus containing fractions with
sufficient high purity. Representative SDS-PAGE is shown in Figure 12. Fraction 10-14 were
pooled and further processed.

The puritied viral solution was inactivated by incubation with 0.02% formaldehyde
over a period of ten days in a 22°C controlled-temperature incubator. The formaldchyde is
neutralized by addition of sodium metabisulphite on the tenth day.

The sucrose gradient pool (~17mL after sampling) was further diluted 3-fold with
PBS to a final volume of 51mL in a PETG container. A volume of 1% formaldehyde
(10.000ppm) solution equivalent to 1/50 of the final volume of the pre-formaldehyde pool
was added to this pool resulting in an effective concentration of 200ppm. The formaldehyde-
treated solution was mixed on a magnetic stirrer for 10 minutes. After sampling, the
formaldehyde-treated viral solution was placed within a cooled incubator at 22°C + 2°C. On
Day 5 post addition of formaldehyde, the formaldehyde-treated viral solution was filtered
through a 0.2 pum filter and then placed in the incubator at 22°C + 2°C again. On Day 10,
after removing the 10-Day inactivation final sample, a volume of 1 % (of the weight of the
final formaldehyde-treated viral solution) of 200 mM-sodium metabisulphite solution (2mM
final concentration) was aseptically transferred into the PETG container containing the
formaldehyde-treated viral solution. After mixing for 5 minutes on a magnetic stirrer, the

neutralized inactivated viral solution is held at room temperature (20 to 25°C) for a minimum
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of 30 minutes. After sampling, the neutralized inactivated viral solution is stored at 5°C +

3°C until further processing.

Inactivation by formaldehyde

Critical parameters for this step are final formalin concentration, temperature, mixing
and transfer into a new container. A preliminary acceptance criteria for maximum pfu/mL
(determined by plaque assay) has been set on the diluted pool pre formaldehyde treatment.

The quality of the neutralized inactivated viral solution is monitored by the following
parameters: Plaque assay on Day 10, SEC-HPLC, SDS-PAGE/Western Blot.

Interestingly, SEC-HPLC analysis of samples taken during the inactivation period
followed by neutralization with bisulfite showed more or less constant peak area throughout
the inactivation period. This is in contrast to JEV where losses of viral particles up to 60% are
obscrved using the proccess discloscd by Srivastava ct al. Vaccine 19 (2001) 4557-4565. In a
scale-down model the viral losses were even much higher due to surface/area ratio at smaller
scale and high losses due to unspecific adsorption. Differences of the ZikaV inactivation

experiment and JEV inactivation were noticed as follows:

A) Much higher purity of ZikaV SGP pool with regard to residual PS (<2pg/mlL)
compared to JEV. The 3-fold ZikaV inactivated sample contained therefore <<lug/mL of
residual PS. Commercial JEV SGP pool contains on average ~120ug/mL (up to 152ug/mL
possible). The average dilution to inactivation solution of ~14-fold results in a residual PS
content up to ~11 pug/mL. It may be that higher amount of residual P'S could cause virus

precipitation due to cross-linking / reaction with formalin.
B) ZikaV inactivation sample contained ~10% sucrose (3-fold dilution of SGP pool
containing ~30-35% sucrose). Sucrose might have stabilizing effect of viral ZikaV particles

during treatment with formalin.

Dilution to DS and Formulation with Aluminium hydroxide (DP)

For preparation of ZikaV drug substance used in mouse potency assay an antigen
content (expressed as total viral particles or SEC peak area) of 5 times higher compared to
Ixiaro was targeted. The basis for determination of antigen content was SEC-HPLC. In short,
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a Superose 6 10/300 Increase column (GE Healthcare) equilibrated with PBS + 250 mM
NaCl, pH 7.4 at 1 ml/min and 25 °C, is uscd to detect ZikaV at 214 nm dctection wavcelength
in harvest samples and throughout the downstream process. In the current JEV process the
antigen content in NIV is determined by a specific ELISA. A good correlation was observed
between antigen content determined by ELISA and SEC-HPLC. On average, the antigen
content in commercial NTV samples is in the range of 33 AU/mL corresponding to ~5.2mAU
JEV peak area, see Figure 14.

ZikaV NIV day10 (Zika peak ~36 mAU, analysed on Waters HPLC/Superose6
Increase column) was diluted with PBS to a target of 6.3 (~5.7x dilution). Aluminium
hydroxide was added to a final concentration of 0.5 mg/mL Aluminium (1/20 v/v Alum 2%
stock solution added) to prepare ZikaV Drug Product (DP). The DP was gentle mixed for 5
min. An aliquot of the DP was removed, Alum sedimented by centrifugation and the clear
supcrnatant analysed by SEC-HPLC. No ZikaV pcak was dctected in the supcrnatant
indicating complete adsorption (estimated as >95%) of viral particles on the mineral
adjuvant. Formulated ZikaV DP was stored at 2-8°C.

The impurity profile of the inactivated Zika virus DS is comparable to the profile of

JEV DS with the exception of a lower PS content (Table 3).

Table 3: Determination of impurity profile in Zika and JEV DS samples:

Specification (JEV DS) JEV Zika

IICP (ng/mL) <100 <LOQ <LOQ
LOQ 12 ng/mL

DNA (pg/mL) <200 <40 <40
LOQ 40 pg/mL

Aggregates Not specified, <LOQ <LOQ

by SEC-MALLS part of charactcrization

(%0) LOQ 5%

PS (ug/mL) Specification only at SGP pool to ~4% <<LOQ

demonstrate consistent process
performance (19-152ug/ml), *PS
content in DS calculated based on PS
content in SGP pool (~100 pg/mL) and
average dilution factor (~28x) to DS;
LOQ 2ug/mL
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*Typical PS impurity in a JEV sample produced in accordance with protocol disclosed in

Srivastava ct al. Vaccine 19 (2001) 4557-4565

SEC-MALLS Results
A representative SEC-HPLC elution profile of ZikaV NIV at 214 nm detection wave

length is shown in Figure 20. Note that BSA (50pg/mlL) was added to the sample to minimize
losses in HPLC glass vial due to unspecific surface adsorption. ZikaV monomer content was
estimated as ~98% with a multimer content of ~2%.

SEC-MALLS analysis (Figure 21) of the sample confirmed the radius Rz of the
monomer ZikaV population peak 1 as 21.6nm and ~49nm for the multimer peak 2.
Cumulative particle size distribution showed that 89% of all viral particles are within a radius
range between 18 to 25nm (Figure 22).

Results confirm purity and homogencity of ZikaV NIV,

Viral titer by plaque assay

Active ZikaV was analyzed by plaque assay throughout the process.

Sample Pfu/mL
Harvest day 2 (filtered) 6.4x10’
Harvcst day 3 (filtered) 1.0x10°
Harvest day 5 (filtered) 1.5x10°
Harvest day 7 (filtered) 1.1x10°
PS treated harvest 300x concentrate (=SGP load) 9.0x10°
SGP pool 8.9x10°
Inactivation start (SGP pool 1:3 diluted) 3.4x10°
Inactivation day 5 <LOD

Inactivation day 10 <LOD

Comparison of PS and Benzonase on process performance

A direct comparison of DNA removal method of concentrated ZikaV harvest pool
was done. One aliquot was treated with PS (2mg/mL, 15min at room temperature), the other
aliquot was treated with Benzonase (50 U/mL, 2 mM MgCl2, 4h RT, 48h 2-8°C). Both

samples were further purified by sucrose gradient as described in this report. Interestingly,
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the Benzonase treated samples did not sure any pure fractions after sucrose gradient
centrifugation of the treated ZikaV harvest. In those fractions where the specific virus bands
were detected, a high amount of host cell proteins was detected throughout the collected
fractions. The PS treated material resulted in pure ZikaV containing fractions as expected.
This finding may suggest that PS is not only effective for DNA removal by precipitation; in
addition it improves the recovery of virus particles in the gradicent by disrupting intcraction of
DNA (fragments) and virus particles. Benzonase treatment does not remove DNA, it only
results in its fragmentation. Residual DNA fragments might still interact with virus particles
and residual HCPs resulting in cross-contamination and co-purification in the sucrose
gradient. Pooled SGP fractions were also analysed by SEC-HPLC. Although a large peak was
detected, SDS-PAGE confirmed that this sample was highly contaminated with HCPs. A
large peak might be detected at UV214 and 280nm after SEC-HPLC analysis due to possible

intcraction of HCPs with large virus particles, changing the UV absorbance.

Immunogenicity of Vero grown Zika virus

Immunization of mice

Prior to immunization, groups of ten 6-week-old female CD1 mice were bled via vena
facialis and pre-immune sera were prepared. One intraperitoneal immunizations of 200 pL
were administered. A dose titration (12 ug, 3 ug, 1 ug, 0.33 ug, 0.11 pg, 0.037 ug and 0.012
ug, equivalent to the protein amount in IXIARO) of inactivated Zika virus formulated with
aluminium hydroxide (A1(OH)3) at a final concentration of 0.7%. Three weeks after
immunization, blood was collected and immune sera were prepared. All animal experiments
were conducted in accordance with Austrian law (BGB1 Nr. 501/1989) and approved by
“Magistratsabteilung 58.

Plague reduction neutralization test (PRNT)

Twelve well plates were used for PRNT. Each well were seeded with 1 mL medium
containing 4x10> Vero cells and incubated 35°C with 5%CO2 overnight. Pools of heat
inactivated sera from each dose group were tested in triplicates. The target virus (H/PF/2013
(SEQ ID NO: 13) or MR766 (SEQ ID NO: 11)) were dilute to 100 pfu/165 pL. Equal
volumes of target virus and serum dilution were incubated at 35°C with 5%CO2 for 1 hour.
The cell culture medium were aspirated from the Vero cells and 330 uL of the mixture target

virus/serum dilution were added to each well and the plated were rocked back and forth 5
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times before incubated for 2 hours at 35°C with 5%CO2. To each well 1 mL of a 2%
mecthylccllulose solution containing EMEM and nutrients was added, the plates were then
incubated for 5 days at 35°C with 5%CO2 before staining the cells for 1 hour with crystal
violet/5% tformaldehyde and subsequently washed 3 times with deionized water. The plates
were air dried and the numbers of plaques in each well were manually counted.

Results

Neutralization was observed with serum pools from mice immunized with inactivated
Zika virus vaccine (H/PF/2013) down to 37 ng (dosing equivalent to the amount protein in
IXTARO®) against Zika viruses of both the Asian (H/PF/2013) and African (MR7606)
lineages (Figures 23 and 24). Complete inhibition was seen at the 1:20 serum dilution with an
immunization dose down to 110 ng (dosing equivalent to the amount protein in IXIARO®).
The neutralization of both the Asian (H/PF/2013) and African (MR766) lineages of the Zika
virus was cquivalent, which indicatcs high cross-ncutralization between different Zika virus
strains of the inactivated Zika virus vaccine (H/PF/2013).

Further methods: The immunogenicity of inactivated Zika virus preparations is
assessed using a mouse model of Zika infection. Groups of adult mice are immunized
subcutaneously (s.c.) with 500, 50, or 5 ng of inactivated Zika virus with adjuvant (e.g.
aluminium hydroxide with or without IC31®), or without adjuvant. An additional group of
mice receive PBS as a negative control. Each group is administered the indicated inoculum
at t=0 and in some cases also at three to four weeks later (t=3/4). Beginning approximately
three weeks after administration of the last immunization, serum samples are obtained from
cach of the mice at regular intervals. The serum samples are tested for the presence of
neutralizing antibodies using PRNT.

The in vivo protective efficacy of the inactivated Zika virus preparations is also
assessed using a mouse model of Zika infection, i.e. [FN-alpha/beta receptor knock-out mice

(A129) (sec e.g. Dowall et al., 4. March 2016, http://dx.doi.org/10.1101/042358) or blocking

of the IFN-alpha/beta receptor by administration of anti-IFN-alpha/beta receptor monoclonal
antibodies to C57BL/6 or BALB/c mice (see e.g. Pinto et al., 7. December 2011, DOI:
10.1371/journal.ppat. 1002407). For protection assays, groups of 10 three- to eight-weeks-old
A129, C57BL/6 of BALB/c mice are inoculated subcutancously in the hindquarters with
inactivated Zika virus with adjuvant (aluminium hydroxide) or without adjuvant at t=0. Age-

matched controls are inoculated with PBS or non-specific antigens in alum. Mice are
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optionally boosted with a second administration of the indicated inoculation three to four
wecks later. The mice arc then challenged subcutancously at three to cight weeks post
immunization by inoculation with a deadly dose of live Zika virus. One day prior to challenge
of C57BL/6 and BALB/c mice, they are passively administered (intraperitoneally) with anti-
IFN-alpha/beta receptor monoclonal antibodies. Challenged mice are monitored daily for
morbidity and mortality for up to twenty-onc days. Another alternative is to challenge
intracranially adult vaccinated/non-vaccinated adult mice and observe protection.

It is expected that the Zika virus produced by the process of the invention will
provide very similar functional read-outs in in vitro, in vivo and finally human trials as the
currently licensed JEV vaccine in the EU and US and elsewhere, IXIARO®. The dosage may
alter but due to the very similar impurity profile and almost identical manufacture, a very
similar efficacy and safety result will be expected as was determined for the currently

licensed JEV vaccince (licensed in the EU and US and clscwherce).

Discussion & Conclusion

The existing manufacturing platform for production of inactivated JEV vaccine
IXTARO® was used as a basis for a manufacturing feasibility study of inactivated ZikaV
vaccine candidate (Asian strain H/PF/2013). The virus was produced on vero cells cultivated
in roller bottles. The virus was purified by PS treatment followed by an optimized sucrose
gradient. Inactivation was done by formalin treat (0.02 %, 10 days at 22 °C). For exploratory
immunization studies in mice, a DP formulated with Alum was prepared with an estimated 5-
fold higher virus particle content compared to IXIARO®, the commercial JEV Vaccine. The
impurity profile of the DS met all criteria as defined in the specification for IXIARO®, the
commercial JEV Vaccine. The neutralization of both the Asian (H/PF/2013) and African
(MR766) lineages of the Zika virus was equivalent, which indicates high cross-neutralization

between different Zika virus strains of the inactivated Zika virus vaccine (H/PF/2013).

Example 2: Development of a purification process for live attenuated Chikungunva virus

vaccine produced in Vero cells

&2
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A downstream process was developed for the purification of infectious Chikungunya
virus particles whereby non-infectious virus particles and aggregates arc removed by the
addition of protamine sulphate. The unexpected and novel purification properties of
protamine sulphate (PS) were evaluated in purification processes tor Chikungunya Virus
(ChikV) as follows:

A downstrcam purification process for the attenuated Chikungunya virus mutant
“AS5SnsP3” (as described by Hallengérd et al., 2014, supra) produced under standard cell
culture conditions in Vero cells was developed. Briefly, the downstream process consists of
crude harvest filtration followed by concentration and diafiltration on a tangential flow
filtration (TFF) system. DNA and host cell proteins were reduced by precipitation with
protamine sulphate and by batch adsorption, respectively. Sucrose density gradient
centrifugation was done as a final polishing step. Out of 16 roller bottles 1 x 1012 total PFU
werc purificd with an ovcrall DSP process yicld of 10 - 15 % (~1 logl0 TCIDS50 loss).
Sucrose gradient pool samples were characterized with regard to product-related impurities,

such as hcDNA, HCP and endotoxins and met safety criteria.

Harvest of Vero cell culture medium containing ChikV ASnsP3

ChikV A5nsP3 was grown on Vero cells in roller bottles. A first harvest was performed after
24 hours post infection (hpi; day 1 harvest) and stored at 2-8°C until further processing. After
the first harvest, fresh medium was added and the roller bottles were returned to the
incubator. A second harvest was done after 48 hours post infection (day 2 harvest) and stored

at 2-8 °C.

Filtration of crude cell culture harvest

At both harvest timepoints the crude harvest was immediately filtered using a 0.2 um filter
capsule (GE ULTA™ CQG, 2 inch). The filtered harvest after 48 hpi was pooled together with
the 24 hpi harvest and the pooled filtered harvest material was immediately further processed

by ultrafiltration.

Purification of ChikV A5nsP3 by tangential flow filtration (TFF)

The pooled filtered harvest material was further processed by tangential flow filtration (TFF)
in order to concentrate the harvest, reduce host cell proteins and replace the depleted cell
33
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culture medium with a defined buffer system (buffer exchange). A Millipore TFF system
(Millipore Pcllicon II mini membranc holder) equipped with a 100 kDa cutoff PES
membrane module (Pellicon2 Biomax, 1000 cm?) was used for concentration and buffer
exchange. A Pellicon2 Biomax membrane module was mounted on the Pellicon II mini filter
holder and the device was connected to a peristaltic pump. The system was first rinsed with
ultra-purc water and then sanitized by recirculation of 0.1 M NaOH for 60 min. In casc the
system was not used immediately, it was stored in 0.1 M NaOH until use. Prior to use the
system was rinsed with 1 L of RO-water followed by buffer A until the permeate pH value

was constant at pH 7.4 + 0.2.

Adjustment of the ChikV A35nsP3 harvest (pH, salt)

The pooled filtered harvest material was adjusted to a final concentration of 25 mM
Tris and 150 mM NaCl using stock solutions of both components (see Table 1). This
adjustment was done to increase buffering capacity and to reduce unspecific adsorption to the
membrane. The necessary volumes of stock solutions D (1 M Tris, pH 7.4) and E (4.5 M
NaCl) were calculated as tollows:

Volume of stock solution D (1 M Tris, pH 7.4) added to pooled harvest = Volume of
pooled filtered harvest / 40

Volume of stock solution E (4.5 M NaCl) added to pooled harvest = Volume of
pooled filtered harvest / 30

4 L harvest obtained from 20 RB (850cm?) would require addition of 100 mL stock solution
D (1 M Tris, pH 7.4) and 133 mL stock solution E (4.5 M NaCl).

The calculated volumes of stock solution D and Buffer E were added to the pooled
filtered harvest under gentle stirring. The adjusted harvest was then stirred using a magnetic

stirrer for 5 minutes at room temperature.

Concentration and diafiltration of the ChikV ASnsP3 harvest by TFF

In a first step the adjusted harvest material was concentrated approximately 10 fold.
The feed flowrate was approximately 220 mL/min. The transmembrane flux at a
transmembrane pressure of approximately 0.6 bar was in the range of 90 = 5 mL/min per

1000 cm? membrane. After concentration, the cell culture medium was exchanged against 25
34
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mM Tris, 150 mM NaCl, pH 7.5 by continuous diafiltration with 6 volume exchanges. The
diafiltration buffer was supplicd to the feed vessel from a measuring cylinder by a seccond
peristaltic pump set to a flowrate of approximately 90 mL/min. Minor flowrate adjustments
of the second peristaltic pump in the range of £ 10 mL/min were done manually to ensure a
constant volume of harvest in the feed vessel. After 6 volume exchanges, diafiltration was
stopped. The liquid remaining in the membranc module was recovered by pumping the

module empty with air.

Sucrose addition to diafiltrated ChikV A5nsP3 material

After diafiltration, sucrose stock solution H (50% (w/w) sucrose solution) was added
to the diafiltrated material to achieve a final sucrose concentration of 10% (w/w). The volume
of buffer H was calculated as follows:

Volume of stock solution H added (mL) = Volume (mL) of diafiltrated ChikV material x 0.25
(dilution factor = 1:4) (i.e., tinal sucrose concentration is 10%)

Example: 400mL diafiltrated ChikV solution would require addition of 100mL stock solution
H (50% sucrose).

The calculated volume of solution H was added to the diafiltrated ChikV ASnsP3
material under gentle stirring and the solution was then stirred using a magnetic stirrer for a
further 5 minutes at room temperature. (At this stage of the process the material can be either

immediately further processed or stored frozen (< -65°C, hold step).)

DNA reduction by protamine sulphate precipitation

A DNA precipitation step using protamine sulphate (PS) was performed to reduce
hcDNA. Protamine sulphate stock solution L (50 mg/mL PS in PBS) was added to the
diafiltrated ChikV ASnsP3 material to a final nominal concentration of ~1.6 mg/mL. The
necessary volume of stock solution L was calculated as follows:

Volume of stock solution L (50 mg/mL PS) added = Volume of diafiltrated ChikV
AS5nsP3 material in 10% sucrose / 31

Example: 500 mL diafiltrated ChikV A5nsP3 solution in 10% sucrose would require
addition of 16 mL stock solution L (50 mg/mL PS in PBS).
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The protamine sulphate stock solution was added while stirring the ChikV ASnsP3 material
using a magnctic stirrer followed by incubation at 2-8°C for 30 minutcs. After incubation, the
DNA precipitate was not removed. The material was immediately further processed by batch
adsorption with Capto™ Core 700 chromatography media.

Batch adsorption with Capto™ Core 700

To reducc HCPs, a batch adsorption step with Capto™ Corc 700 (CC700)
chromatography medium was performed after DNA precipitation. CC700 slurry (50% slurry
in buffer A) was added directly to the protamine sulphate treated material. The required
slurry volume was determined based on the volume of ChikV harvest material (d1+d2) and
was calculated as follows:

Volume of CC700 slurry added to PS-treated concentrated harvest (mL) = Volume of
ChikV A5nsP3 harvest material (mL) x 0.02 (dilution factor = 1:50) (i.e., final concentration
of CC700 is 1%)

After slurry addition, the material was incubated at 4°C for 15 minutes under constant
agitation using a magnetic stirrer. After incubation, the CC700 solid matter was allowed to
settle by gravity for 10 minutes. The ChikV A5nsP3 material was then removed from the top
of the solution in order to avoid blocking of the filter by the CaptoCore particles. The
remaining CaptoCore particles and the DNA precipitate were then removed from the solution
by filtration using a 0.2 um Mini Kleenpak EKYV filter capsule (Pall). The resulting filtrate

was further processed by sucrose density gradient centrifugation.

Sucrose density gradient centrifugation

Sucrose density gradient centrifugation (SGC) was used for final concentration and
polishing of the ChikV AS5nsP3 material. The ChikV material was loaded on top of a solution
consisting of three layers of sucrose with different densities. The three sucrose layers were
selected based on a preliminary study which showed the formation of a linear sucrose
gradient and good separation of the virus particles from residual contaminants. The optimal
volumes of the sucrose solutions were determined empirically. The volumes of individual

layers for a centrifugation at S00 mL scale are shown in Table 3.

Table 3. Sucrose concentrations and volumes (500 mL scale).

Solution Volume (mL)
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Harvest with 10% sucrose 360
15% sucrosc 40

35% sucrose 40

50% sucrose 60

Total volume 500

Preparation of the sucrose gradient

The sucrose gradient bottles (500 mL) were prepared by underlaying the individual
sucrose layers. A 3.5 mm ID plastic tube was attached to 60 cm of peristaltic pump tubing.
The plastic tube was mounted on a laboratory stand using a clamp and placed into the
centrifuge bottle. The nozzle of the plastic tube was touching the bottom of the bottle. Using
a peristaltic pump set to a flow rate of 25 mL per minute, the ChikV A5nsP3 material and the
sucrosc solutions were pumped into the cylinder. A measuring cylinder was uscd as a feed
vessel. The first solution pumped was the ChikV A5nsP3 material as it had the lowest density
(10% sucrose (w/w)). Following the addition of the ChikV A5SnsP3 material, the sucrose
solutions were pumped in ascending order starting with the lowest (15%), followed by the
35% sucrose solution and finishing with the highest density sucrose solution (50%). After all
sucrose solutions were transferred, the plastic tubing was carcfully removed in order not to

disturb the layers.

Centrifugation
Prior to centrifugation a Beckman Avanti JXN-26 centrifuge equipped with rotor

Beckman 10.500 was pre-cooled to 4°C. The prepared SG bottles were carefully transferred
into the pre-cooled (4°C) rotor so as to not to disturb the sucrose layers. The bottles were
centrifuged at 10,000 rpm (~18,500 rcf) at 4°C for 17-20 hours. (In case a different centrifuge
system with a different rotor would be used, the necessary speed and centrifugation times
would need to be calculated based on the k-factor in order to achieve comparable

centrifugation efficiency.)

Sucrose gradient harvest

Harvesting of the sucrose gradient was done manually using a peristaltic pump. A 3.5
mm ID plastic tube attached to 60 cm of peristaltic pump tubing was used for harvesting the
87

646



10

15

20

25

30

PATO18/EP/PR3

sucrose gradient. The 500 mL bottle containing the centrifuged gradient was mounted onto a
laboratory stand in a tilted position (~12°) using a clamp. The plastic tubing was then placed
into the bottle touching the bottom edge of the bottle and was fastened in position using a
clamp. This resulted in a small gap of 1-2 mm between the tubing inlet and the bottom of the
bottle. Using a peristaltic pump set to a flow rate of 60 mL per minute, the gradient was
harvested and manually split into 5 mL fractions. A third of the bottle volumc was harvested
and the rest was discarded. The fractions were immediately tested by measuring UV

absorbance in a plate reader as described below.

Analysis of fractions by UV absorbance and SEC-HPLC

UV absorbance measurement was used as primary method for analysis of the sucrose
gradient fractions. Absorbance at 214, 280 and 260 nm was tested immediately after
fractionation was complcted. Bricfly, a 100 pL samplc of cach fraction was transferred into a
96 well plate and absorbance at 214, 260 and 280 nm was measured using a plate reader. The
absorbance values were plotted against the fraction number. The presence of impurities was
indicated by an increase of the UV214 signal atter the main peak. The fractions comprising
the main peak were pooled from the peak start to the valley of the 214 nm curve. This method
can be used as single method for pooling ChikV ASnsP3 fractions.

After identification of the virus containing fractions, the respective fractions were
pooled. Pooling criteria for SGC fractions were based on UV 260 nm data, e.g. start of
pooling at ~10% of peak maximum, end of pooling at ~30% of peak maximum. (Final
pooling criteria at a manufacturing scale may need to be determined empirically.) The
sucrose gradient pool was either stored at < -65 °C or immediately further formulated to drug
substance (DS).

Size exclusion chromatography

The final pooled SGC fractions containing purified infectious ChikV ASnsP3 virus
particles were analyzed for purity by SEC-HPLC. In brief, SEC was performed as follows: a
Superose 6 10/300 Increase column (GE Healthcare) equilibrated with PBS + 250 mM NaCl,
pH 7.4 at 1 ml/min and 25°C, was used to detect ChikV particles at 214 nm detection
wavelength in the pooled samples. SEC-HPLC is a semi-quantitative (relative yield) and

qualitative (purity) method that separates intact virus particles from virus aggregates and host
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cell proteins (HCPs). The method cannot distinguish between infectious and non-infectious
virus particles duc to their identical retention time.

Two defined peaks were identified by SEC: the ChikV A5nsP3 peak and a peak
corresponding to buffer components. The SGC step yield based on SEC-HPLC data for
pooled fractions F6-F11 was estimated at ~70 %.The final purity of the ChikV A5nsP3 SGC
pool, bascd on SEC-HPLC analysis, was cstimatcd at >95%.

SDS-PAGE and silver stain

SDS-PAGE silver stain was performed in order to qualitatively assess sample purity
throughout the purification process from the first crude harvest through SGC. Briefly, ChikV
process samples analyzed by SDS-PAGE/silver stain were diluted 1:1.33 with LDS buffer
and were heated to 70°C for 5 minutes. The samples were loaded onto 4-12 % Bis-Tris Gels
(NuPAGE). Silver staining was donc using the Silver Express staining kit (Invitrogen).

A silver-stained gel of a representative ChikV A5nsP3 purification is shown in Figure
15. The viral proteins E1, E2 and C are marked on the right-hand side of the gel. The final
SGC pool (fraction 7-fraction 11) is shown in lane 12. Note that a defined HCDP band
migrating between ChikV protein E2 and C still appears after CaptoCore700 treatment that
has been identified as a single band in SDS-PAGE. This impurity is removed by sucrose
gradient centrifugation, but can still be seen in fractions 13 and 14 (corresponding to lanes 14
and 15 of Figure 15).

Enrichment of infectious ChikV ASns’3 particles by IS treatment

Although generally used as a method of removing contaminating hcDNA, it was
observed in the course of the present invention that PS treatment also removes virus
aggregates and HCPs. Size exclusion chromatography (SEC-HPLC, as described above) was
used to throughout the purification process to determine the purity of the ChikV virus relative
to impurities which also generate UV absorption.

As can be seen in Figure 16a, treatment with PS reduces not only host cell proteins
and low molecular weight contaminants of the ChikV A5nsP3 preparation, but also reduces
the SEC area corresponding to virus products, including aggregates as indicated. A
surprising finding, however, was that even a reduction of the total SEC area by 86% (in a

representative experiment shown in Fig. 16B, grey portion of bars) did not result in a
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concomitant reduction in infectious virus particles as measured by TCIDS50 (left axis).
Instcad, cven though a large percentage of virus particles were removed by PS treatment, the
infectious particles were not. This observation indicates that PS treatment selectively enriches
infectious virus particles from a larger pool of total virus particles present in the crude
harvest.

TCID50 was performed to quantify infectious virus particles during the course of the
purification process and to assign an active virus titer to final drug substance and drug
product samples. Briefly, Vero cells were seeded at 2 x 104 cells per well in 100 uL. medium
(EMEM with 2 mM L-Glutamine + 5 % FBS (+ 1 % antibiotic/antimycotic) in 96-well TC-
treated flat-bottom plates and incubated overnight at 35°C / 5% CO2. On day two, Vero cell
monolayers were infected by adding 100 pL of 1:10 serial dilutions of test samples to each of
quintuplicate wells seeded with Vero cells and incubated at 35°C / 5% CO2. On day seven,
plaqucs were counted by visualization undcer a microscope. The TCIDS0 was calculated
according to the Reed & Miinch endpoint calculation method (Reed, L.J.; Muench, H. (1938)
A simple method of estimating fifty percent endpoints” The American Journal of Hygiene 27:
493-497).

Furthermore, electron microscopy of ChikV samples before and after PS treatment
showed that not only large aggregates but also smaller non-infectious virus-like particles
(basically not fully assembled particles without RNA genome) are effectively removed by
PS.

Furthermore, this enrichment of infectious virus particles could also be observed
when analyzing day one and day two crude harvests separately. As presented in Table 4, the
SEC area (total virus particles) of the day 1 harvest remains roughly the same after PS
treatment; whereas a large decrease in virus peak area is seen for the day 2 harvest. This
observation was confirmed by MALLS analysis of the virus preparation, wherein it was seen
that a higher percentage of virus particles were of the correct size following PS treatment.
Similarly to the results shown in Fig. 16, day 1 and day 2 harvests showed no reduction in
infectious particles as measured by TCID50 following PS treatment, indicating that mainly
non-infectious, immature and/or aggregated virus particles are removed during the PS

treatment and infectious particles are enriched in the preparation.
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Table 4. Overview of the process of ChikV ASnsP3 purification as described in Example 1.
SEC-MALLS analysis of harvests before and after PS treatment shows the removal of larger

virus particles (aggregates), an cffect that is particularly pronounced for day 2 harvests.

SEC MALLS Infectious particles
Area [mAU*min] Total particles/mL % correct size

(20-40 nm)  TCID50 log 10

Harvest 1 (H1) 57 1.17E+11 49% 10.2
Harvest 1 + PS 53 1.33E+11 81% 10.0
Harvest 2 (H2) 36 4.60E+09 3% 79

H2 + protamine sulphate 2 8.80E+09 59% 7.9

Combined Harvests (C) 67 2.60E+10 14% 9.9
C + protamine sulphate 24 8.00E+10 72% 10.1

Finally, an ovcrview of the relative amounts of ChikV particles and other componcnts
as measured by SEC-HPLC at various steps throughout the entire virus purification process
from crude harvest (a) to the final SGC purified pool can be seen in Figure 17. In sum, not
only arc the vast majority of contaminants and undcsircd products removed by the process,
ChikV particles are highly purified. As shown by the previously presented data, the final
preparation is a highly enriched preparation of infectious ChikV particles.

Drug Substance (DS) Formulation
The pooled SGC fractions are diluted with DS formulation buffer M (10 mM Tris, 5%
Sucrose, 1% (10 mg/mL) rHSA, pH 7.4 £ 0.2). The final target volume of DS should be in

the range of approximately 2 L. Based on current data the estimated range of the dilution
factor might be 1:20 to 1:50.
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Final DS stcerile filtration

The final DS was filtered under aseptic conditions in a laminar flow hood using a
sterility grade 0.2 um syringe filter (e.g. 0.2 um Mini Kleenpak EKYV filter capsule with 220

cm? filter surface, Pall).

Quantification of host cell DNA (hcDNA) host cell protein (HCP) and endotoxin
The residual host cell DNA content of the sucrose gradient pool samples was determined by
using the qPCR based assay. The DNA content in SGC pool was determined to be < 0.002
ng/mL.The presence of residual host cell protein (HCP) from Vero cells was determined by
ELISA. Residual host cell proteins present in the sucrose gradient pool samples were
quantified using the Vero Cell HCP ELISA kit (Cygnus, F500). The residual host cell protein
content in SGC pool was dctermined to be <200 ng/mL.

Endotoxin content of the SGC pool and DS was measured by Endosafe®-PTSTM
system (Charles River). The system uses LAL reagents by a kinetic chromogenic
methodology to measure color intensity directly related to the endotoxin content in a sample.
Each cartridge contains precise amounts of a licensed LAL reagent, chromogenic substrate
and an endotoxin control standard. Samples were diluted 1:100 in WFI1. The SGC Pool F7-
F11 was determined to be < 5.00 EU/mL; likewise, the Drug Substance was also determined
to have < 5.00 EU/mL.

The following specifications for impurities in final Drug product were proposed:
hcDNA < 10 ng/dose; Endotoxins < 50 EU/dose; HCDP < 200 ng/dose. These residual
specifications would already be met in the highly concentrated SGC pool (~10 log
TCID50/mL), which provides a high margin of safety considering the high dilution factor of
SGC pool to final DP of > 1:1000.
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Further more detailed aspects of the invention:

Al. A Zika virus vaccine comprising an optimally inactivated Zika virus particle, wherein
the Zika virus particle is able to seroconvert a subject that is administered the Zika virus

vaccine with at least a 70% probability.

A2.  The Zika virus vaccine of claim A1, wherein the Zika virus particle is able to
seroconvert the subject that is administered the Zika virus vaccine with at least a 80%, 85%,
90%, or 95% probability.

A3.  The vaccine of claim Al or A2, wherein the Zika virus particle has a RNA genome
corresponding to the DNA sequence provided by any one of the nucleic acid sequences of
SEQ ID NOs: 1-13, or a variant nuclcic acid scquence that is at lcast 88% identical to any onc

of SEQ ID NOs: 1-13 and able to pack a virulent Zika virus.

A4.  The vaccine of any one of claims A1-A3, wherein the Zika virus particle has an E
protein selected from the amino acid sequences provided by any one of SEQ ID NOs: 14-69,
or a variant amino acid sequence that is at least 95% identical to any one of SEQ ID NOs: 14-

69 and able to pack a virulent Zika virus.

AS5.  The vaccine of any one of claims A1-A4, wherein the Zika virus is inactivated by

chemical inactivation, thermal inactivation, pH inactivation, or UV inactivation.

A6.  The vaccine of claim A5, wherein the chemical inactivation comprises contacting the
Zika virus with a chemical inactivation agent to completely inactivate the Zika virus as

measured by plaque assay.

A7. The vaccine of claim A6, wherein the chemical inactivation comprises contacting the

Zika virus with formaldehyde.

A8.  The vaccine of claim A7, wherein the formaldehyde inactivation comprises contacting
the Zika virus with formaldehyde for between 2-10 days.
93

652



10

15

20

25

30

PATO18/EP/PR3

A9.  The vaccinc of any onc of claims A5-A8, whercin the chemical activation is

performed at about +4°C or about +22°C.

A10. The vaccine of any one of claims A1-A9, further comprising an adjuvant.

All. The vaccine of claim A10, wherein the adjuvant is an aluminum salt adjuvant.

A12. The vaccine of claim Al1l, wherein the aluminum salt adjuvant is aluminium

hydroxide or aluminium phosphate salt.
Al13. The vaccine of any one of A10-A12, wherein the vaccine comprises or further
compriscs an adjuvant comprising a peptide and a dcoxyinosinc-containing

immunostimulatory oligodeoxynucleic acid molecule (I-ODN).

Al4. The vaccine of claim A13, wherein the peptide comprises the sequence KLKLSKLK
(SEQ ID NO: 70) and the I-ODN comprises oligo-d(IC)13 (SEQ ID NO: 71).

A15. The vaccine of any one of claims A1-A14, further comprising one or more

pharmaceutically acceptable excipient.

B1. A kit comprising a Zika virus vaccine of any one of claims A1-AlS.

B2.  The kit of claim B1, further comprising a second vaccine.

B3. The kit of claim B2, wherein the second vaccine is a West Nile virus vaccine, a

Japanese Encephalitis virus vaccine, a Yellow Fever virus vaccine, a Dengue virus vaccine or

a Chikungunya virus vaccine.

Cl. A method, comprising
94
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administering a first dose of a therapeutically effective amount of the Zika virus

vaccinc of any onc of claims A1-A15 to a subject in need thercof.

C2. The method of claim Cl, further comprising administering a second dose of a

therapeutically effective amount of the Zika virus vaccine.

C3. The method of claim C1 or C2, wherein the second dose of the Zika virus vaccine is

administered about 7 days after the first dose of the Zika virus vaccine.

C4. The method of claim C1 or C2, wherein the second dose of the Zika virus vaccine is

administered about 14 days after the first dose of the Zika virus vaccine.

Cs. The method of claim C1 or C2, wherein the sccond dosc of the Zika virus vaccing is

administered about 28 days after the first dose of the Zika virus vaccine.

C6.  The method of any one of claims C1-C5, wherein the administering results in

production of Zika virus neutralizing antibodies.

D1. A method of producing a Zika virus vaccine, comprising

(1) passaging a Zika virus on Vero cells, thereby producing a culture supernatant
comprising the Zika virus;

(ii) harvesting the culture medium of (i);

(iii) precipitating the harvested culture medium of (ii), thereby producing a Zika virus
supernatant; and

(iv) optimally inactivating the Zika virus in the Zika virus supernatant of (iii) thereby

producing an inactivated Zika virus.

D2.  The method of claim D1, further comprising concentrating the culture medium of (ii)

prior to step (iii).
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D3.  The method of claim D1 or D2, wherein the precipitating of (iii) comprises contacting

the culturc medium of (ii) with protaminc sulfatc or benzoate.

D4.  The method of any one of claims D1-D3, turther comprising (v) dialyzing the

inactivated Zika virus of (iv), thereby producing a dialyzed Zika virus.

D5.  The method of claim D4, further comprising (vi) filtering the dialyzed Zika virus of
(V).

D6.  The method of any one of claims D1-DS, wherein the inactivating is by chemical

inactivation, thermal inactivation, pH inactivation, or UV inactivation.

D7.  The method of claim D6, whercin the chemical inactivation compriscs contacting the

Zika virus with a chemical inactivation agent for at least 4 days.

D8.  The method of claim D6 or D7, wherein the chemical inactivation agent comprises

formaldehyde.

D9.  The method of any one of claims D6-D8, wherein the chemical activation is

performed at about +4°C or about +22°C.

D10. The method of claim D8 or D9, further comprising neutralizing the formaldehyde.

D11. The method of claim D10, wherein the neutralizing is performed with sodium

metabisulfite.

El. The use of the optimally inactivated Zika virus vaccine of any one of claims A1-A15

for the treatment and prevention of a Zika virus infection.

E2. The use of claim E1, wherein the inactivated Zika virus vaccine is administered in a

first dose of a therapeutically effective amount to a subject in need thereof.
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E3. The usc of claim E2, wherein the inactivated Zika virus vaccine is administered in a

second dose of a therapeutically effective amount to the subject.

E4. The use of claim E3, wherein the second dose of the inactivated Zika virus vaccine is

administcred about 7 days after the first dosc of the Zika virus vaccinc.

ES. The use of claim E3, wherein the second dose of the Zika virus vaccine is

administered about 14 days after the first dose of the Zika virus vaccine.

Eeo. The use of claim E3, wherein the second dose of the Zika virus vaccine is

administered about 28 days after the first dose of the Zika virus vaccine.
E7. The use of any one of claims E1-E6, wherein the vaccine administration results in

production of Zika virus neutralizing antibodies.

FI1. A pharmaceutical composition for use in the treatment and prevention of a Zika virus
infection, wherein said pharmaceutical composition comprises the optimally inactivated Zika

virus vaccine of any one of claims A1-A15.
F2. The pharmaceutical composition of claim F1, wherein the inactivated Zika virus
vaccine is administered in a first dose of a therapeutically effective amount to a subject in

need thereof.

F3. The use of claim F2, wherein the inactivated Zika virus vaccine is administered in a

second dose of a therapeutically effective amount to the subject.

F4. The use of claim F3, wherein the second dose of the inactivated Zika virus vaccine is

administered about 7 days after the first dose of the Zika virus vaccine.
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FS. The use of claim F3, wherein the second dose of the Zika virus vaccine is

administcred about 14 days after the first dosc of the Zika virus vaccince.

Feo. The use of claim F3, wherein the second dose of the Zika virus vaccine 1s

administered about 28 days after the first dose of the Zika virus vaccine.

F7. The use of any one of claims F1-F6, wherein the vaccine administration results in

production of Zika virus neutralizing antibodies.
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CLAIMS
What is claimed is:
1. A process of purification of infectious virus particles, comprising the steps of:
(a) providing a crude harvest (a) comprising virus particles and impurities, wherein the

impuritics arc generated from growing said virus particles on a ccll substratc;

(b) reducing impurities from the crude harvest (a) by precipitation with an agent
comprising protamine, preferably a protamine salt, more preferably a protamine sulphate,
even more preferably a recombinant protamine sulphate, to obtain a virus preparation (b);

(c) further purifying the virus preparation (b) by an optimized sucrose density gradient
centrifugation, wherein the optimized sucrose gradient is provided such that the protamine
can be completely or almost completely separated from the virus fraction; and wherein the
protamine concentration is reduced by this step to the extent that the protamine concentration
in the final drug substance is below 1 pg/ml, preferably below 0.5 pg/mL, more preferably
below 0.1 pg/mL, most preferably below 0.05pug/mL.

2. The process of claim 2, wherein the virus particles are selected from the group

consisting of flaviviruses, e.g. yellow fever virus or Zika virus and alphaviruses, e.g.

Chikungunya.
3. The process of claim 1 or claim 2, additionally comprising the step of:
(d) a solid-phase matrix packed in a column comprising a ligand-activated core and an

inactive shell comprising pores, wherein the molecular weight cut off of the pores excludes
the virus particles from entering the ligand-activated core, and wherein a molecule smaller
than the molecular weight cutoff of the pores can enter the ligand-activated core and

collecting the virus particles.

4. The process of any of claims 1 to 3, wherein the residual host cell DNA of the virus
preparation (c) is less than 10 ng/mL and the residual host cell protein of the final virus

preparation (c) is less than 100 ng/mL.
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5. The process of any of claims | to 4, wherein the crude harvest (a) comprising virus

particlcs and impuritics is subjccted to once or morc pre-purification step(s) prior to step (b).

6. The process of claim 5, wherein the one or more pre-purification step(s) comprises
(a) filtration using a filter having a pore size equal to or less than 0.2 pm; and/or

(b) digestion of host ccll genomic DNA by cnzymatic trcatment; and/or

(c) ultra/diafiltration using a hollow fiber membrane having a pore size equal to or

greater than 300 kDa, preferably equal to or greater than 100 kDa.

7. The process of any one of claims 1 to 6, wherein the concentration of protamine
sulphate is 0.5 to 3 mg/ml, more preferably 1 to 2 mg/ml, more preferably 1.2 to 1.8 mg/ml,
more preferably 1.4 to 1.6 mg/ml, most preferably 1.6 mg/ml or 2 mg/ml.

8. The process of any one of claims 1 to 7, wherein the enrichment of infectious virus
particles in the virus preparation (¢) or any final virus preparation relative to total virus
products in the crude harvest (a) is in the range from at least 50% to 95%, preferably at least
80%.

9. The process of any one of claims 5 to 8, wherein the one or more pre-purification
step(s) prior to step (b) of any of claims 5 to & is performed using a filter having a pore size

equal to or less than 1 um, preferably 0.2 pm.

10. The process of any one of claims 1 to 9, wherein the residual impurity of the virus

preparation (c) is less than 10%.

11. The process of any one of claims 1 to 10, wherein the virus is propagated in a cell line
selected from the group consisting of an EB66 cell line, a Vero cell line, a Vero-aHis cell
line, a Hela cell line, a HeLa-S3 cell line, a 293 cell line, a PC12 cell line, a CHO cell line, a
3T3 cell line, a PerC6 cell line, a MDSK cell line, a chicken embryonic fibroblast cell line, a

duck cell line, and a diploid avian cell line.

12. The process of claim 11, wherein said cell line is a Vero cell line.
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13. The proccess of any onc of claims 1 to 12, wherein the infectious virus particles is an
infectious Zika virus particle that is a live virus, an attenuated live virus, a chimeric virus, a

modified live virus, or a recombinant live virus.

14. The process of any onc of claims 1 to 13, wherein the Zika virus is a Zika virus strain

of the Asian lineage or an immunogenic variant thereof.

15. The process of any one of claims 1 to 14, wherein said process resulting in final virus
preparation (c) or (d) is followed by an inactivation step, wherein the virus is inactivated

preferably by formaldehyde.

16. Usc of the proccss according to any onc of claims 1 to 15 for manufacturing a

composition for immunization against a virus infection.

17. The use according to claim 16, wherein the composition for immunization against a
virus infection is an infection caused by a group of viruses consisting of yellow fever virus,

Chikungunya virus and Zika virus.

18. A composition comprising the virus particles obtainable or obtained by the process of
any one of claims 1 to 17 for treating and/or preventing an infection, such as e.g. a Zika virus

infection.

19. A Zika virus vaccine comprising an inactivated Zika virus particle grown on vero
cells, wherein the Zika virus particle is able to seroconvert a subject that is administered the
Zika virus vaccine with at least a 70% probability and comprises minor amounts of protamine

sulphate, preferably below the detection limit.
20. The Zika virus vaccine of claim 19, wherein the Zika virus particle is able to
seroconvert the subject that is administered the Zika virus vaccine with at least a 80%, 85%,

90%, or 95% probability, preferably a 80% probability.
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21. The vaccine of claim 19 or 20, wherein the Zika virus particle has a RNA genome
corresponding to the DNA scquence provided by any onc of the nucleic acid scquences of
SEQ ID NOs: 2-13, or a variant nucleic acid sequence that is at least 88% identical to any one

of SEQ ID NOs: 2-13 and able to pack a virulent Zika virus.

22. The vaccine of any onc of claims 19, 20 and 21, whercin the Zika virus particle has an
E protein selected from the amino acid sequences provided by any one of SEQ ID NOs: 14-
69, or a variant amino acid sequence that is at least 95% identical to any one of SEQ ID NOs:

14-69 and able to pack a virulent Zika virus.

23. The vaccine of any one of claims 19, 20 to 22, wherein the Zika virus obtained by
culturing on Vero cells is purified by protamine sulfate precipitation and sucrose gradient

centrifugation.

24. The vaccine of claim 23, wherein the sucrose gradient centrifugation is an optimized

sucrose gradient centrifugation.

25. The vaccine of claim 24, wherein the optimized sucrose gradient centrifugation comprises
a virus comprising fraction in a 10% (w/w) sucrose solution and three layers of sucrose with
different densities, i.e. a first sucrose solution with 15% (w/w) sucrose solution, a second
sucrose solution with 35% (w/w) sucrose solution, and a third sucrose solution with a 50%

(w/w) sucrose solution.

26. The vaccine of any one of claims 19, 20 to 25, wherein the Zika virus is inactivated by

chemical inactivation, thermal inactivation, pH inactivation, or UV inactivation.

27. The vaccine of claim 26, wherein the chemical inactivation comprises contacting the
Zika virus with a chemical inactivation agent for longer than is required to completely

inactivate the Zika virus as measured by plaque assay.

28. The vaccine of claim 27, wherein the chemical inactivation comprises contacting the
Zika virus with formaldehyde.
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29. The vaccine of claim 28, wherein the formaldchydc inactivation compriscs contacting

the Zika virus with formaldehyde for between 2-10 days.

30. The vaccine of any one of claims 27-29, wherein the chemical activation is performed

at about +4°C or about +22°C.

31. The vaccine of any one of claims 19 to 30, further comprising an adjuvant.
32. The vaccine of claim 31, wherein the adjuvant is an aluminum salt adjuvant.
33. The vaccine of claim 32, wherein the aluminum salt adjuvant is aluminium hydroxide

or aluminium phosphatc salt.
34. The vaccine of claim 32, wherein the aluminum salt adjuvant is aluminium hydroxide
with less than 1.25ppb Cu based on the final pharmaceutical composition comprising the Zika

virus, preferably the inactivated Zika virus.

35. The vaccine of any one of claims 19 to 34, further comprising one or more

pharmaceutically acceptable excipient.
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ABSTRACT
Described herein are improved purification methods for virus vaccines and
compositions. Also described are Zika vaccines and methods of producing and administering

S  said vaccines to subjects in need thereof.
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