COVPCSI TI ONS AND METHODS FOR ADM NI STRATI ON OF VACCI NES AGAI NST DENGUE
VIRUS PRIORITY [001] This application clainms the benefit under 35 USC
119(e) ofwprow/misssal U.S. patent application Serial NoPCOASI&8/08206 fil ed
on June 01, 2009, which is incorporated herein by reference in its
entirety. FIELD [002] Enbodi ments of the present invention report

conposi tions and methods for adm nistering a vaccine to a subject against
dengue viruses. In sone enbodi nents, vaccine conpositions nay be
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wher ei priORIFYNPOSi tion provides protection agai nst nore than one serotype
of dengue virus, such as DEN-I , DEN 2, DEN 3 and DEN-4. BACKGROUND [ 003]
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subject of a vaccine against dengue virus may include one or more intradermal boosts after initial
vaccination. Other embodiments include intradermal injection of a vaccine composition against
dengue virus wherein the composition provides protection against more than one sefotype of

dengue virus, such as DEN-1, DEN-2, DEN-3 and DEN-4.
BACKGROUND

[003] Vaccines for protection against viral infections have been effectively used to reduce the
incidence of human disease. One of the most successful technologies for viral vaccines is to
immunize animals or hufnans with a weakened or attenuated strain of the virus (a “live,
attenuated virus”). Due to limited replication after immunization, the attenuated strain does not
cause disease. However, the limited viral replication is sufficient to expréss the full repertoire of
viral antigens and can generate potent and long-lasting immune responses to the virus. Thus,-
upon subsequent exposure to a pathogenic strain of the virus, the immunized individual is
protected from disease. These live, attenuated viral vaccines are among the most successful

vaccines used in public health.
SUMMARY

[004] Embodiments of the present invention generally relate to methods and compositions for
inducing protection in a subject against dengue virus by, for example, administering a vaccine to
a subject against dengue viruses. Some embodiments can include introducing a vaccine

composition to a subject via intradermal (ID) injection. In accordance with these embodiments,
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[ 004] Enbodi nents of the present invention generally relate to nmethods and
conpositions for inducing protection in a subject agai nst dengue virus by,
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- administered the single vaccine composition intradermally.

[006] In certain embodiments, some advantages of using intradermal introduction of a vaccine
against dengue virus can include, but are not limited to, multiple protection against some or all
dengue virus serotypes in a subject, reduced cost by using small doses compared to subcutaneous
injection, modulation of antibodies produced against some or all dengue virus serotypes in a

subject and reduced pain at a site of administration in a subject administered a composition of

vaccine against dengue virus.

[007] In some embodiments, a single dose vaccine against dengue virus can include one or
more dengue virus serotype(s). In accordance with these embodiments, a subject may be treated
with at least one additional intradermal injection(s) administered at a separate site from the first
injection, for example, next to or in a separate anatomical site on the subject. In addition, at least
one additional intradermal injection(s) may be performed less than 30 days after the first
administration to the subject. Vaccine compositions of these and other embodiments disclosed

herein may include two or more dengue virus serotypes at a predetermined ratio.



vacci ne agai nst dengue virus. [007] In sone enbodi nents, a single dose
vacci ne agai nst dengue virus can include one or nore dengue virus
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[0013] Fig. 5 represents a histogram plot of subcutaneous and intradermal immunizations with
a vaccine against a dengue virus serotype in mice. )

[0014] Figs. 6A and 6B represent graphic depictions of a challenge experiment using two
different dengue virus serotypes on a dengue serotype-immune mouse population following
vaccination of the mice with another dengue virus serotype.

Definitions

[0015] As used herein, “a” or “an” may mean one or more than one of an item.

[0016] As used herein, vessel can include, but is not limited to, test tube, mini- or micro-fuge
tube, channel, vial, microtiter plate or container.

[0017] As used herein the specification, “subject” or “subjects” may include but are not limited
mammals such as humans or mammals, domesticated or wild, for example dogs, cats, other
household pets (e.g., hamster, guinea pig, mouse, rat), ferrets, rabbits, pigs, horses, cattle,
prairie dogs, or zoo animals.

[0018] As used herein, “about” can mean plus or minus ten percent.

[0019] As used herein, “attepuated virus” can mean a virus that demonstrates reduced or no
clinical sigri‘s of disease when administered to a subject such as a mammal (e.g., human or an

animal).



vacci nation of the mce with another dengue virus serotype. Definitions

[ 0015] As used herein, "a" or "an" may nean one or nore than one of an
item [O00X620Mg14u38ed herein, vessel can include, but isPa®USRINisEdst O,
test tube, mni- or mcro-fuge tube, channel, vial, mcrotiter plate or
container. [0017] As used herein the specification, "subject"” or "subjects"
‘may include but are not Iimted manmal s such as humans or nmamal s,
domesticated or wild, for exanple dogs, cats, other household pets (e.g
hanst egyp @q@ogﬂg, nouse, rat), ferrets, rabbits, pigs, horses, cattle,
prairi o0 animals. [0018] As used hereln "about" can nean plus
or m n(ﬂmﬂbhl the fadlemting s[eeﬂdrﬁ] vahousl ssethphey eompositaxtrtsendl atedohdy alreukzgcrrba(h :rmean a

virus that nonst r at es duced | i ni .of, di

b i SR o et P FREER 1 TR, gt FEon RS i e P BralR
ani mal }heRESGH é?fmcﬂh&]m@a@ds fof rddage e ér@ywmer&eﬁtalmSe;ven/arm@usthexpmaﬂicar y
conposi tions and nethods are described in grder to detail_various

enbodi AgAlssoutliged ferginhut spberdiiat eogcaHatians; Hme 2pd otk seetfict 475a1ls gRaycks ci ng

the vapj,aied Mrbegi rBRicSedesmenetiod. SHUbME cARE IRKWIERENBEs & donfpon&ieen sone
of the specific details outlined herein, but rather that concentrations,

times ﬁ@f@th@ﬂlﬁﬂ%@ﬂﬂmﬁwd@ﬂamhgnnay be nodified through routine
) t
beon | FNPAFickielh a¢rRe §ETe BRAER iy SR, U RS e F RTRARFRAAUORYE N
i nvent vaxinegompaokationsaaiastelengite Vifusi t ed t o, adn1n|strat|on of vacci ne
Lt t f ,th .
oven: 122 EnBREneG SEEH S hinioh ORI aR Ao s R bR g O FRBLE R

pr ot ecirdating préte@ion] RCE saBjattNSdaimde AenRe VVifudSseS@i sy p®$her Qnfitedirggtipodament s
can include  introducing a vaccine conposition to ect .vi.a i ntrader mal

(1D) i HeBdr iR IRpas & YictiRe compes g rtyia dnterrB%ldi%mmPPw@Fm ly
| nducegheG/a088e RIRRRohARrGAREN firadQ@HRIIP inddkds cross protection against some or all

dengue serotypes. In certain embodiments, the vaccine composition comprises a single dose of
a vaccine against dengue virus serotype 4 (DENVax 4) administered to a subject. In other
embodiments, the vaccine composition comprises an initial dose of DENVax 4 then, one or
more boosts of the vaccine administered to a subject. -

[0023] Other aspects of the present invention include modulating an immune response to a
vaccine against dengue virus administered intradermally compared to subcutaneously to a
subject. Vaccines against dengue virus may include a composition comprising ratios of
serotypes of dengue virus, live attenuated dengue virus, or fragmenté thereof such as proteins
or nucleic acids derived or obtained from dengue virus serotypes. Ratios of various serotypes
may be equal or certain serotypes may be represented more than others depending on need or
exposure or potential exposure to the virus. In accordance with these embodiments, a ratio may
beal:2,1:3,1:4,1:10, 1:20; l:l':l, 1:2:2, 1:2:1, 1:1:1:1, 1:2:1:2; 1:3:1:3, 2:3:3:3, 5:4:5:5, 1:2:2
or any ratio for any of serotypes 1, 2, 3 and/or 4, depending on for example, number of
serotypes represented in the formulation, predetermined response and effect. desired. It is
contemplated that any dengue virus serotype formulation may be used to generate a vaccine
(e.g. attenuated virus etc.) of use in intradermal administration to a subject in need thereof. It is
contemplated that some formulations may be more effective than others when introduced

intradermally than other formulations.



dengue serotypes. In certain enbodi ments, the vaccine conposition conprises
a single dose of a vaccine agai nst dengue virus serotype 4 (DENvax 4)
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f or mul adhtemnpleedthengi. atbecbldleraeudmequqncbseumdmsna semplet¢ foo ampjification can be
isolated viruses (e.g. dengue viruses), according to standard methodologies. A nucleic acid
sequence may be genomic DNA or fractionated or whole cell RNA. Where RNA is used, it

 may be desired to convert the RNA to a complementary cDNA. In some embodiments, the

RNA is whole cell RNA and is used directly as the template for amplification. Any method
known in the art for amplifying nucleic acid molecules is contemplated (e.g., PCR, LCR, Qbeta
Replicase, etc). ‘
Expressed Proteins or Peptides
[0026] Genes can be expressed in any number of different recombinant DNA expression
systems to generate large amounts of the polypeptide product, which can then be purified and
used in methods and compositions reported herein. Any method. known in the art for
generating and using constructs is contemplated. In certain embodiments, gehes or gene
fragments encoding one or more polypeptide may be inserted into an expression vector by

standard cloning or subcloning techniques known in the art.



appropriate region of a subject's body (e.g. arm hip, etc). In addition,

i ntradermal adm nistration of vaccine fornmulations herein as primary or
boost admwvoi2etwiaiisens nmay occur in the same day, conseceCrus2dapse2aeekl y,
nmonthly, bi-nonthly or other appropriate treatnent regi nen. Methods Nucleic
Acid Anplification [0025] Nucleic acids may be used in any fornulation or
used to generate any formulation contenpl ated herein. Nucleic acid
sequences used as a tenplate for anplification can be isolated viruses

(e.qg. iru ' ; 1,004 j id
sequenﬂ@aﬁtﬁmgeé{sggﬁgi%e%gﬁfﬁ% %lrtﬁsg fl{aelgf) f%ﬁ@?%ggr \Aﬁgrgg 6@3‘?6?&%@’%??%& Rﬁg\l IS
ursrgda. by ammedﬂﬁ mhgﬁzriedlem.ldmnmﬁhr embadiRBis t rocthodsoliop bapamtingayd a@ljxind n sone
enbodi nents, the is 0 e RNA and i d di t | the t | at
For  anBPRERESITBAS bty isacEratato A cheo iPp P dsfip e BRst o el o erd.
ol ecukesrbshorent enpl ated (e.g., PCR, LCR, Qbeta Replicase, etc). Expressed

Proteins or Peptides [0026] CGenes can be expressed in an f
di f f er H1928k Elcetrenhatast DRA Bexpicdsis &ﬁa"s"SFsP@FFE“‘FE) (6énelP%€Fe‘¥‘P§$‘agse ré\ﬁ%hﬁi s of

t he po})%ﬁ)@r&t(grqﬁlcmcoﬂ%?]baé@Bioqlhh@@-E‘izé heNcIB&ribH chirk€d TANE ausRdny Pariiohods and
conpositions reported herein. Any nethod known in the art for generating

and usphgectpbercsistkaoiva iedhr ariplAaseldtion Hirewsht whish dhhEeiatales c0VgeRsdor gene
[ SO DSRG0S T 0 NRGREIS RSB T Be ,
art . [ 0827rt. PCotneionsmatpieqst ¢agieincladel/tot asntdtbovitestop polyraghkendesgdlhergese may be
dot oot o, S SR Rl TERDS, k10w, L1 fhe ot n cerial n enbodipent,
el ect r 9 866 chboiflcHEN using engdregiraghy frieadencoliingct polyheidsimsay BO28]
Bl ectr Qph?»rde'sios nmg)%/ f?sei us\?«?:totr-% S(?pn%gr%t s%bcr:rl?)lm?ﬁl{l:c Sni ﬂ;%‘s g'A’n c!:xal;e%giorrlr[{/legt%lrjl €s
such adpserted into an expression ve y sta g q p

may be used which produces the recombi'nant polypeptide as a fusion protein, allowing rapid

affinity purification of a peptide or protein. Examples of such fusion protein expression

systems are the glutathione S-trénsferase system (Pharmacia, Piscataway, NJ), the maltose

binding protein system (NEB, Beverley, MA), the FLAG system (IBI, New Haven, CT), and

the 6xHis system (Qiagen, Chatsworth, CA).

Pharmaceutical Formulations 4

[0030] Any pharmaceutical formulétion known in the art for a vaccine is contemplated herein.

In certain embodiments, a formulation can contain one or more DEN serotype in various ratios,

depending on predetermined exposure to or existence of dengue virus subtypes. It is

contemplatéd that formulations can contain other agents of use in vaccination of a subject

including, but not limited to other active or inactive ingredients or compositions known to one

skilled in the art.

Kits

. [0031] Other embodiments concern kits of use with the methods (e.g. methods of application or

administration of a vaccine) and compositions described herein. Some embodiments concern

kits having vaccine compositions of use to prevent or treat subjects having, exposed or

suspected of being exposed to one or more dengue viruses. In certain embodiments, a kit may

contain one or more than one formulation of dengue virus serotype(s) (e.g. attenuated vaccines)

at predetermined ratios. Kits can be portable, for example, able to be transported and used in
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[0033] The following examples are included to demonstrate certain embodiments presented
herein. It should be appreciated by those of skill in the art that the techniques disclosed in the
examples that follow represent techniques discovered to function well in the practiceAs disclosed
herein. However, those of skill in the art should, in light of the present disclosure, appreciate
that many changes can be made in the certain embodiments which are disclosed and still obtain

a like or similar result without departing from the spirit and scope herein.

EXAMPLES

Example 1

[0034] Previous studies revealed that natural infection with each DEN (dengue Vlrus) serotype
lecads to long-lived protection against dengue fever caused by the homologous serotype. In
certain embodiments, administration of an effective dengue vaccine closely mimics natural
infection and can serve as a mode for administering vaccines against dengue virus.
Embodiments reported herein can concern a natural infection route of dengue virus (DEN)
infection, similar to intradermal delivery by the transporting host, a mosquito bite. In certain
embodiments, intradermal injection to deposit the vaccine viruses into the same tissue can be
used. Skin is a highly accessible organ and represents an effective immune barrier, mainly

attributed to the presence of Langerhans cells (LCs) residing in the epidermis. Skin



at predetermned ratios. Kits can be portable, for exanple, able to be
transported and used inrenote areas such as mlitary installations or
renote viwbagegl4138sher kits may be of use in a heal th f&ciTItusegr0086726 eat a
subj ect havi ng been exposed to one or nore dengue viruses or suspected of
being at risk of exposure to dengue virus. [0032] Kits can also include a
sui tabl e container, for exanple, vials, tubes, mni- or mcrofuge tubes,
test tube, flask, bottle, syringe or other container. Were an additional
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certain enbodi msnt adm nistration of an effective dengue vaccine closely
m m csamhwarealested farcthe presanet efarcuselizies astibodies dlireted againstnihe tfewr dmevacci nes

agal n_st_ (c)jtenc—ggsRNLl'n&ﬂaque reduction neutralization test, known in the art for quantifying levels
of anti-DEN neutralizing antibodies) were performed on the sera samples.
[0037] It was demonstrated that the neutralizing antibody titers are significantly higher after ID
administration as compared to SC administration after a primary administration (see Fig.3) or
after a secondary administration (See Fig. 4). Since the sites were closely spaced in the same
area, and each innoculum consists of all four viru.ses, this mode of vaccine delivery closely
resembles a single administration of DENVax. Fig 3 illustrates S0%PRNT Geometric Mean
Titers at Day 58 (58 days after the primary administration). Fig. 4 illustrates 50%PRNT
Geometric Mean Titers at Day 74 (14 days after the secondary administration on Day 60). As
can be seen in the figures, the neutralizing antibody titers to all four dengue viruses were higher
afier intradermal versus subcutancous administration. In addition, the number of animals that
demonstrated neutralizing antibody responses (“seroconversion” defined as PRNT > 10) was
greater afier the first dose of vaccine (see Table 1, the percentage of animals that seroconverted

to cach of the four dengue serotypes is shown after primary and secondary immunization).



Enbodi nents reported herein can concern a natural infection route of dengue
virus (DEN) infection, simlar to intradermal delivery by the transporting
host, a rwequiwwiisste. In certain enbodi nents, intrader mal/tisng10o86706 t O
deposit the vaccine viruses into the sane tissue can be used. Skin is a

hi ghly accessi bl e organ and represents an effective immune barrier, mainly
attributed to the presence of Langerhans cells (LCs) residing in the

epi derm s. Skininmunization elicits a broad range of i mrune responses,
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isolated from blood samples (“Duration”) and the logl0 of the peak titer isolated from each

animal. Viral RNA is given as the number of days viral RNA could be detected in the serum
samples (“Duration”) and peak viral RNA levels in each monkey, expressed as the log10 of the
number of viral RNA genomes detected. '

Table 2: Responses after challenge with DEN-1

DEN-1 PRNT ' Viremia Viral RNA
Monkey Formulation |Pre-Challenge Post Duration| Peak [Duration| Peak
CY0174 55565S5C 240 240 Y] 0 0 0
CY0181 5555S8C 640 61440 0 0 5 56
CY0192 5555ID 1920 1280 0 0 0 0
CY0194 5555I1D 7680 1920 0 0 0 0
CY0061 Controls 1 2560 6 2.0 9 5.7
CY0193 Controls 25 2560 3 2.7 7 6.4
CY0058 Controls 1 640 5 2.9 7 5.5
CY0073 Controls 1 1280 5 36 10‘7 6.2
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[0041] In another example, an optimized DENVax formulation delivered in different locations

and with different timings will be tested in non-human primates. Groups of eight Cynomolgus

macaques will be immunized with a DENVax formulation containing 1 x 10° plaque forming
units (pfu), 1 x 10* pfu, 1 x 10° pfu and 1 x 10° pfu of DENVAx-1, DENVax-2, DENVax-3
and DENVax-4, respectively (abbreviated 5:4:5:5). Two doses will be administered in 0.1 ml

ID. Groups will be immunized with either one dose in each arm at Day 0, one dose in one arm

at Day 0 and one dose in the other arm at Day 7, or one dose in one arm at Day 0 and one dose

in the other arm at Day 60. These groups will be compared to a group that receives the same

dosc (5:4:5:5) in three sites in the same are on Day 0 and three sites in the other arm on Day 60

as well as a group that reccives the same dose in a single 0.5 ml SC immunization in one arm at

Day 0 and in the other arm at Day 60. A control group will be immunized with vaccine

excipients only (no vaccine viruses).

Following immunization, blood samples will be

collected on days 0, 7 (for peak viremia), 15, 30, 60, and 90 to test the neutralizing antibodies

against the four dengue virus serotypes by PRNT50. PBMCs collected on days 30, 60, 90 will
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|ntradermal mnistration 1n sites an
levels of homologous and heterologous antlbodles that circulate after the initial immunization

can inhibit viral replication in a second dose. While prolonged (two months or longer)
immunization may circumvent this inhibition, it has not been tested whether accelerated
immunization regimen with shorter immunization intervals, before the development of potent
neutralizing antibody responses may be advantageous. Such a shortened regimen may be an
advantage in endemic countries or for travelers, where exposure to dengue viruses in between
the immunizations may put them at risk of disease.

Example 3

[0042] In another example, a human clinical trial has been initiated, studying the safety and
immunogenicity of two DENVax formulations, administered in 0.1 ml either by ID or SC
injection. Groups of 12 individuals will be immunized with for example, a low dose DENVax
formulation (8 x 10° pfu, 5 x 10° pfu, 1 x 10* pfu and 2 x10° pfu of DENVax-1, -2, -3 and -4,
respectively) or a high dose (2 x 10° pfu, 5 x 10° pfu, 1 x 10° pfu and 3 x10° pfu of DENVax-1,
-2, -3 and -4, respectively) of DENVax ID or SC on Days 0 and 90. Two control groups will
be injected SC or 1D with phosphate-buffered saline. Patients will be monitored for any adverse

events, and for any significant changes in hematological or blood chemistry parameters. Serum
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in distinct anatom cal |ocations may be nore effective than subcutaneous
admnistration as a single bolus. Miltiple sites can provide exposure of
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antlbody response to DEN-4 after the boost compared to the response induced via the SC route

(see for example, Fig. ’4). The anti-DEN-4 response elicited by either route of immunization
had a marked cross-neutralizing activity against DEN-3 but not against DEN-1 or DEN-2
scrotypes. Fig. 4 represents neutralizing antibody responses following primary and secondary
immunization of AG129 mice with chimeric D‘ENVax-4. Mice were bled on Day 31 and 58
and collected sera were pooled to measure neutralizing antibody responses using fhe plaque
reduction assay (PRNTS50).

[0045) Two weeks after the boost animals from each group were split in to two groups and
challenged with 10°PFU of DEN-1 (Mochizuki virus strain) or DEN-2 (New Guinea C strain)
viruses. Challenged animals were monitored for clinical signs of disease and survival rates
were recorded over a period of 5 weeks. Mice immunized via the ID route showed no signs of
disease after DEN-1 challenge (Fig. SA). In the SC immunized group only one mouse
succumbed to infection while the rest of animals had no any apparent signs of infection (Fig.
5B). In contrast, all control animals succumbed to infection by day 13 after DEN-1 challenge
(Fig. SA). Following DEN-2 challenge, all animals immunized with only DENVax-4 via the
SC route succumbed to infection by day 25 with mean survival time (MST) of 19.5 days as
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Exanpl e 4 [0043] I munogenicity and efficacy of DENvVax adm ni stered
intradermal ly in AGL29 mce. In another exanple, two studies were perforned
t o conparwothw/@ifsect of route of adm nistration on i meocogseeioiose’2and
efficacy of DENVax in AG 129 mice. In one exanple, the inmmunogenicity of
nonoval ent DENVax-4 (e.g. vaccine against one Dengue virus serotype) was
conpared in AGL29 mice by measuring the neutralizing antibody responses
foll owing SC injection under the skin on the back or IDinjection into the
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r espon& virgsepenhallengadanimafy WersJuenitogiffar %IH”“E%S’SH%‘)F‘E%“&%@@ %“thYPééfgCRn a they

SC 1 outgre(re&RdddveE X pERIEOr sHv&ks 4) - The anti-DEN-4 response elicited by
either route of imuhnhization had a marked cross-neutralizing activity

agai ns100BENN3: sseendritedyaifamiRagemERY ofitelavalDEN oG (RS adfﬁ“lgfter%i $epFesent s
neutra
15l A0k ROT20) CRREARSE Ik bOAGTS0 RiidTRE bePBidud SRfNREa scor 4

|mmn|za mce Wt I meric ce were
1 and B3 “athdhecBENé/(ak a1 gl ar SRyl fipd obldhe), acspectsiehe Mieeiverel immumgzed ntithbody

e’ bobEN VAR ey B TSGRl SRR, PO PRV o WsReer® alter
chal | eﬁgﬁﬁprhftdhhlﬁ&l?d:&boefnem imrudigddiantiials wiceived sbdscmteft)mjecrtlolalﬂﬂ-sz {:Bew

Qui nea_C strain) viruses. Challenged anj rral wer e ni tor ed f ni cal
si gns BDENYaxd2<ays pastspIinary ijocplapion MFEg CRiFsted é?np‘}é}‘sl §65 weeks.

Mce i W&sﬁﬁ%aﬂﬂrﬁmﬁr@eank190&)91%%%n§&Q%th19EN ViHI$ s@btypé.sease after DEN-|

chal | enge (Fi A) i mruni zed group only one npuse
[0047] As represented in Table 4, both primary and secondary neutralizing antibody responses
to all four DEN serotypes were induced. Following the boost, the neutralizing anti-DEN-1,
DEN-3 and DEN-4 antibody titers were increased by 2, 5 and 2 fold, respectively in the group
of mice injected ID as compared to the SC immunized animals. Neutralizing responses to
DEN-2 virus were comparable in both groups. Immunization via the SC route resulted in a
profile of dominant neutralizing antibody responses against DEN-1>DEN-2>DEN-3>DEN-4,
with neutralizing titers 5120, 1280, 640 and 80, respectively. The hierarchy of neutralizing
antibody responses after ID administration had shifted as follows; DEN-1>DEN-3>DEN-
2>DEN-4 with neutralizing antibody titers 10240, 3840, 1280 and 160, respectively.
[0048] Table 4 is a comparison of the immunogenicity of tetravalent DENVax bearing the ratio
5:4:5:5 PFU of each composite chimeric virus '(105 PFU of DENVax-1,-3 and -4 and 10 PFU

of DENVax-2) after SC or ID immunization of mice. Blood samples were collected on days 42

and 56 to measure neutralizing antibody responses to each DEN virus serotype.

13



succunbed to infection while the rest of animals had no any apparent signs
of infection (Fig. 5B). In contrast, all control aninmals succunbed to

i nfecti orwbyoteapi1iB8 after DEN-I chall enge (Fig. 5A). FolPCowiSagoDadR2e

chal l enge, all animals imunized with only DENVax-4 via the SC route
succunbed to infection by day 25 with nean survival tinme (MST) of 19.5 days
asconpared to the control (TFA) mce that all succunbed by day 17 (MST=

. 12. 5 days) postchallenge (Fig. 5B). In contrast, fifty percent of ID
DENVax- 4,frmu£1| zed mice survived the infection until the end of the 5 week
ernltOI‘Inu |JC|iud (F : '-n). I_"".-A o '- B: t rvivarsof
DENVax- 4 |i mmune AGL2 } 1 ={a}—oer—bEN-2 (b)
vi ruses. |ChabEanged Si nc%‘l—ﬂi sefse
and sur vil vaForhln Wer Brimec rBegt oY Srinke peBod | driche \wBokss. | PA 4 G]Bdost @ -
second st ] jen 9 efy 63‘ ntlzngF
or IDin . ARG Y Bl V‘M onn
were inj € AL 02560 y |1 10240 §el280 | 12884 16005 3840 £} Oy
respectlvely Mce were immuni zed with DEN\/ax at a 5 4:5: 5 (105 PFU of -
DENvVax-1,-3 and -4 and 104 PFU of DENVax-2) dose |evel of conposite
chi rreri\’@twkﬁtﬁnﬁé@eth%ésl i muni zed ani mal s received a booster injection of
5:4:5: 0351\1\(@% Y, 3 2 N

col | ec?’ on aéﬁG g% Igﬁemggé%ng lfﬁ%ggsﬁrpfgﬂﬁ%t}]tsggq ?g?crigltgﬂﬁh %gg?ke?i%pon?es to
each DEN andr-wgeeptont. Peegud iD(47dn hes beepdessubedeOtlien stiidios: @athogérssil, ¢sili mary and

secondar neu anti body . r to. al.l .four wer e

" nduce doPED: TR TETeBBSSET o TR ey hepig M e R oRePERa "B 4
antibody titers were increased by 2, 5 and 2 fold, respectively in the '
group of mce injected ID as corrpar d to the SClmrunlzed apimal s.

Neut r al102Phiyop é‘ﬁ’ﬁ%g’é@a’t‘?& EyoQme lgys, ES‘Kﬁé‘?aéa%ﬁﬁ%ﬂyaw ?"ﬁerﬁ‘ﬁ? RubRdups.

| muni gatdsehatiféstd he SC route resulted in a profile of dom nant
neutralizing antibody responses agai nst DEN-| >DEN- 2>DEN- 3>DEN-4, with
neutralizing titers 5120, 1280, 640 and 80, respectively. The hierarchy of.
neutralizing anti body responses after ID adm nistration had shifted as
foll ows; DEN- 1>DEN- 3>DEN- 2>DEN-4 with neutralizing antibody titers 10240,
3840, 1280 and 160, r eSpeCHinmetpkiikskokkikihkdkskkkk

Y

All of the COMPOSITIONS and METHODS disclosed and claimed herein can bé made and
executed without undue experimentation in light of the present disclosure. While the
compositions and methods have been described in terms of preferred embodiments, it is apparent
to those of skill in the art that variations maybe applied to'the COMPOSITIONS and METHODS
and in the steps or in the sequence of steps of the methods described herein without departing
from the concept, spirit and scope herein. More specifically, certain agents that are both
chemically and physiologically related may be substituted for the agents deséribed herein while
the same or similar results would be achieved. All such similar substitutes and modifications
apparent to those skilled in the art are deemed to be within the spirit, scope and concept as

defined by the appended claims.

14



[0048] Table 4 is a conparison of the i munogenicity of tetraval ent DENVax
bearing the ratio 5:4:5:5 PFU of each conposite chineric virus (105 PFU of
DENVax- 1,w® 2andi41386and 104 PFU of DENVax-2) after SC or pCuscomoBezas i on of
m ce. Bl ood sanples were collected on days 42 and 56 to neasure
neutralizing anti body responses to each DEN virus serotype. Table 4
Materials and Methods [0049] M ce: AGL29 m ce have an "intact" i mmune
system deficient for the interferon (IFN)- a/b and - areceptors. Dengue

i nfecti %tagai%%%qydeScribed. O her studies: pathogenesis, cell tropism
and Al Ave Deen '‘&xani ned. This nodel permts challenge with DEN-1 and
DEN- 2. [0050] Non-human pri mates: Cynonol gus, rhesus nacaques carry Vvirus

(virema), put np disease nifests. * * ** x x x*x * A| of the I
0Bl 1 o and VRIS 4 OB BE o Estfcinat ubieHeriait s B v
execut edohdshvthpribivch ad@iigéningentiagle @8sd vackinghpaitét dehguepvinsanta sibjed Bsur e.
Wil e the conpositions and nmethods have heen describped in. ter of ..

pr ef er PEEdEABbdRFRAYEON, | Indycing, BEEQIRR nothengibiechagawsy multiplg lenghe virgsy¢
variaIgQ@@papybe applied to the COWOSI TI ONS and METHODS and in the steps
or in the"sequence of steps of the nmethods described herein w thout
departing fromthe concept, spirit and scope herein. Mre specifically,
certain agents that . chem ] i i.cal ; y be
substi tut ect or Remaas g il 1; Rstlk kB R QHeCR Lot R, RidorP
resul t intraderhe] ingecdend(s)enfabe valtine agrifst denguk arusubsti t ut es and nodi ficati ons
apparent to those skilled in the art are deened to be within the spirit,
scope and concept as defined by the appended clains. What i's clainmed is: 1.
A met hod fog, | ndp& AQthEE Afetdimon wherdinStibjsagle agki Vistinanaghingtl dendengires vi r us
serotypes, .conprising, adm nistering a single dose vacci ne agai nst dengue
Vi rus’ COMRIIsEHPRERtmeIs dengue Yius sREPYPHADY oduct i on, i nduci ng. protection in the
subj ect agai nst nultiple dengue virus

4. The method of claim 1, wherein at least one additional intradermal injection(s) is

performed at a separate site on the subject.

5. The method of claim 1, wherein at least one additional intradermal injection(s) is

performed less than 30 days after the first administration to the subject.

6. The method of claim 1, wherein the vaccine comprises at least two dengue virus

serotypes at a predetermined ratio.

7. _The method of claim 1, wherein the vaccine comprises all four dengue virus
scrotypes.
8. The method of claim 1, further comprising administering at least one

immunogenic agent to the subject.

"~ 9. The method of claim 8, wherein the immunogenic agent comprises at least one

Toll receptor (TLR) ligand(s).
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serotypes. 2. The nmethod of claim11, further conprising adm nistering at

| east one additional intradermal injection(s) of the vaccine agai nst dengue
virus. 3.wOheiweiidsed of claiml, wherein the single dosecraseima3icgai nst
dengue virus conprises one or nore dengue virus serotype(s). 4. The nethod
of claim1, wherein at |east one additional intradermal injection(s) is
performed at a separate site on the subject. 5 . The nethod of claiml1,
wherein at | east one additional intradermal injection(s) is perforned |ess

than 30 days, aftgr irs 1 ni.strati o,} he subj . T hod
of claiml1, §O\/\her§i %&F oesgtiloélcc?]ﬁg’%tgér%%i geglﬁﬁ?&l ?ﬁéﬁt t%degéé\eguvgm\sli %S%t%é

ser ot y pesprésingg ap i chdtenaliyn@d) adhindterdd simple dosdt twgpsitionl efipredetermiredeatio t he
vacci ne.c rises all four dengue virus serotypes. 8. The nethod of claim
1, furf’ﬁ@?erggbjn%i‘igg?ﬁ‘éusasﬁfﬂtmeét ering at |east one i munogenic agent to the
subject. 9. The nethod of claim8, wherein the i nmunogeni c agent conprises
at |l east one Toll receptor (TLR) ligand(s).10. A conpagsition for protecting
a subj ect abhi nstheacompegition of clagmd8r Whersis 1he ARMPRSIHRTS 1% h0%oRTTBRIE FFAICFY (1 D)

adm ni §f &hechtsitiog L&nﬁﬂ@@t&ﬁ%ﬁ&b&éi@& AMmiRlseeed bphiRRbusiPlih Q rRhgeddf lo2ast 2

dengue virus serotypes. 11. The conposition of claim 10, wherein the
conposil®’ pmef ore cr@Rere tivereitanuated dewge ivaccisacent r at i on conpared to the
conposition adm ni stered subcutaneously in a range of 102 to 105 pfu of one
or nore |live attenuated dengue vaccines. 12. The conposition of claim 10,
wher ei n t helZonpbisi ¢dmpositionpofi dam 80, whkrele nbgieompasitionsemgirispesll 41&ngihe

conposition of claim12, wherein the 4 serotypes are in a predeterm ned
virus serotypes.

13.  The composition of claim 12, wherein the 4 serotypes are in a predetermined

ratio.
14.  The composition of claim 10, further comprising at least one immunogenic agent.

15. The composition of claim 10, further comprising at least one Toll Receptor (TLR)

ligand(s) or other adjuvant.

16.  The composition of claim 15, wherein the at least one Toll Receptor ligand(s)
comprises CpG-ODN, Poly I:C, imiquimod, inulin-derived adjuvants, MPL a Toll receptor 4
ligand, poly I:U a Toll receptor 3 ligand, heat labile enterotoxin, non toxic mutants of heat

labile enterotoxin and a combination thereof.

17. A system for administering a dengue vaccine composition to a subject
comprising, a vaccine composition against dengue virus and an apparatus capable of introducing
intradermally the vaccine composition by a non-injectible method to a subject, administering the

dengue vaccine composition to the subject.

18.  The system of claim 17, wherein the non-injectible method is without needles and

without syringes.
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rati o. 14. The conposition of claim 10, further conprising at |east one

i munogeni ¢ agent. 15. The conposition of claim 10, further conprising at

| east onew®ablo/Ressept or (TLR) |igand(s) or other adjuvamCT/us8o10/Dber26
conposition of claim 15, wherein the at | east one Toll Receptor |igand(s)
conprises CpG ODN, Poly I:C, imquinod, inulin-derivcd adjuvants, MPL a
Toll receptor 4 ligand, poly LU a Toll receptor 3 |ligand, heat l|abile
enterotoxin, non toxic nmutants of heat |abile enterotoxin and a conbi nation
thereof. 17. A systemfor adm nistering a dengue vaccine conposition to a
subj ect conprising, a vaccine conposition against dengue virus and an
appar at us cépabl & vafcinekit chysrisivgg; | ntradermal |y t he vacci ne conposition by a
non-injectible method to a subject,. adnm.nistering the dengue vacci ne
Compos! 11 on o tHACHB]eeeFeing 88 megsiio FEFiET5PEHE A E P IR 9 RO

non- i njdguk Rires frdthad; it W t hout needl es and wi thout syringes. 19. A vaccine
kit conprising;, at |east one vaccine conposition,a%aLnst dengue virus
conprising one oft lopst @neppgaws ganable of dntradgrmead adminstration abibe copesiigpdPat us
capabl g ;@f.dntradernmal adm nistration of the conposition to a subject. 20.
The kit of claim 19, further conprising at |east one imunogenic agent. 2
1. The kit of claim 19, further conprising at |east one Toll Receptor

I gand(s). 20.  The kit of claim 19, further comprising at least one immunogenic agent.

21.  Thekit of claim 19, further comprising at least one Toll Receptor ligand(s).
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