(12) STANDARD PATENT (11) Application No. AU 2007311792 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(61)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Immunisation method against the 4 dengue serotypes

International Patent Classification(s)
A61K 39/12 (2006.01)

Application No: 2007311792 (22) Date of Filing:  2007.10.02
WIPO No: WO08/047023

Priority Data

Number (32) Date (33) Country
0608660 2006.10.04 FR
Publication Date: 2008.04.24

Accepted Journal Date: 2013.05.02

Applicant(s)
Sanofi Pasteur

Inventor(s)
Lang, Jean;Guy, Bruno;Barban, Veronique;Forrat, Remi

Agent / Attorney
Davies Collison Cave, Level 15 1 Nicholson Street, MELBOURNE, VIC, 3000

Related Art

WO 2003/101397 A2

EP 1159968 B1

ZHOU et al. Vaccine. 2006. 24(14): 2451-2459




w0 2008/047023 A3 |1 I A0 10 OO

(12) DEMANDE INTERNATIONALE PUBLIKE EN VERTU DU TRAITE DE COOPERATION
EN MATIERE DE BREVETS (PCT)

(19) Organisation Mondiale de la Propriété z ng..\\
Intellectuell
Burean intemational bh I'fj 00 00O O
&’»&,\v

(43) Date de la publication internationale

(10) Numéro de publication internationale

24 avril 2008 (24.04.2008) PCT WO 2008/047023 A3
(51) Classification internationale des brevets : CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES,
AG61K 39/12 (2006.01) AG6IP 31/14 (2006.01) FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
(21) Numéro de la demande internationale : LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
PCT/FR2007/052054 MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,

(22) Date de dépot international :
2 octobre 2007 (02.10.2007)

(25) Langue de dépot : frangais

(26) Langue de publication : frangais
(30) Données relatives a la priorité :
0608660 4 octobre 2006 (04.10.2006) FR
(71) Déposant : SANOFI PASTEUR [FR/FR]; 2 avenue du
Pont Pasteur, F-69367 Lyon Cedex 07 (FR).

(72) Inventeurs: GUY, Bruno; 15B rue des Noyers, F-69005
Lyon (FR). FORRAT, Rémi; 2 rue Pierre Devaux, F-69780
Serezin Du Rhone (FR). LANG, Jean; 118 route de Saint-
Priest, F-69780 Mions (FR). BARBAN, Véronique; 7 ter
rue Jean-Claude Martin, F-69290 Craponne (FR).

(81) Ktats désignés (sauf indication contraire, pour tout titre de
protection nationale disponible) : AE, AG, AL, AM, AT,
AU, AZ,BA, BB, BG, BH,BR, BW,BY, BZ, CA, CH, CN,

RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,

TN, TR, TT, TZ, UA, UG, UZ, VC, VN, ZA, ZM, ZW.
(84) Ktats désignés (sauf indication contraire, pour tout titre
de protection régionale disponible) : ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), eurasien (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
européen (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Publiée :

avec rapport de recherche internationale

avant l'expiration du délai prévu pour la modification des
revendications, sera republiée si des modifications sont re-
cues

avec la partie réservée au listage des séquences de la des-
cription publiée séparément sous forme électronique et dis-
ponible sur demande auprés du Bureau international

(88) Date de publication du rapport de recherche

internationale: 23 octobre 2008

(54) Title: IMMUNISATION METHOD AGAINST THE 4 DENGUE SEROTYPES

(54) Titre : METHODE D'IMMUNISATION CONTRE LES 4 SEROTYPES DE LA DENGUE

(57) Abstract: The invention relates to a method for inducing a protection against the 4 dengue serotypes in a patient, that com-
prises: (a) a first series of administrations (i) of a dose of a dengue vaccinal virus of a first serotype and a dose of a dengue vaccinal
virus of a second serotype, and (ii) of a dose of a dengue vaccinal virus of a third serotype and a dose of a dengue vaccinal virus of
a fourth serotype, and (b) a second series of administrations of the (i) and (ii) doses, wherein the (i) and (ii) doses are administered
simultaneously at separate anatomical sites and wherein the second series is administered at least 30 days and at most 12 months

after the first series.

(57) Abrégé : Linvention concerne une méthode pour induire une protection contre les 4 sérotypes de la dengue chez un patient,

comprenant :

(a) une premiere série d'administrations (i) d'une dose d'un virus vaccinal de la dengue d'un premier sérotype et d'une

dose d'un virus vaccinal de la dengue d'un deuxiéme sérotype, et (ii) d'une dose d'un virus vaccinal de la dengue d'un troisieme
sérotype et d'une dose d'un virus vaccinal de la dengue d'un quatrieme sérotype et (b) une deuxieme série d'administrations des doses
(i) et (ii), dans laquelle les doses (i) et (i) sont administrées simultanément a des sites anatomiques distincts, et dans laquelle la
deuxieme série est mise en ceuvre au moins 30 jours a au plus 12 mois apres la premiere série.
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IMMUNIZATION METHOD AGAINST THE 4 DENGUE SEROTYPES

The invention relates to a method for inducing a protection against the 4
dengue serotypes in a patient, comprising

(@) afirst series of administrations (i) of a dose of a vaccinal dengue
virus of a first serotype and of a dose of a vaccinal dengue virus of a second
serotype, and (ii) of a dose of a vaccinal dengue virus of a third serotype and of
a dose of a vaccinal dengue virus of a fourth serotype, and

(b) a second series of administrations of doses (i) and (ii), in which
the doses (i) and (ii) are administered simultaneously at separate anatomical
sites, and

in which the second series (b) is implemented at least 30 days to at most
12 months after the first series (a).

Dengue diseases are caused by four viruses of the flavivirus genus, of
the serological type, which are similar but distinbt from an antigenic point of
view (Gubler et al.,, 1988 In: Epidemiology of arthropod-borne viral disease.
Monath TPM, editor, Boca Raton (FL): CRC Press: 223-60; Kautner et al.,
1997, J. of Pediatrics, 131:516-524; Rigau-Pérez et al., 1998, Lancet; 352: 971-
977, Vaughn et al., 1997, J Infect Dis; 176: 322-30). Infection with a dengue
serotype can produce a clinical disease spectrum ranging from a nonspecific
viral syndrome to a severe hemorrhagic disease which is fatal. The incubation
period of dengue fever after a mosquito bite is approximately 4 days (ranging
from 3 to 14 days). Dengue fever is characterized by a biphasic fever,
headaches, pain in various parts of the body, prostration, eruptions,
lymphadenopathy and leukopenia (Kautner et al., 1997, J. of Pediatrics,
131:516-524; Rigau-Pérez et al.,, 1998, Lancet; 352: 971-977). The viremia
period is the same as the febrile period (Vaughn et al., 1997, J. Infect. Dis.;
176: 322-30). Recovery from dengue fever occurs after 7 to 10 days, but there
is usually a prolonged asthenia. Decreases in leukocyte and platelet count are
common.

Hemorrhagic dengue is a severe febrile disease characterized by
anomalies in homeostasis and an increase in vascular permeability which can

result in hypovolemia and in hypotension (dengue with shock syndrome) often
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complicated by severe internal hemorrhaging. The mortality rate of
hemorrhagic dengue can be up to 10% without treatment, but is 1% in most
centers with experience in treatment (WHO technical Guide, 1986. Dengue
haemorrhagic fever: diagnosis, treatment and control, p1-2. World Health
Organization, Geneva, Switzerland).

The routine laboratory diagnosis of dengue is based on isolation of the
virus and/or detection of antibodies specific for the dengue virus.

Dengue is the second most common tropical infectious disease after
malaria, more than half the world's population living in regions where there is a
risk of epidemic transmission. Each year, cases of dengue are estimated at 50-
100 million, cases of patients hospitalized for hemorrhagic dengue at 500 000,
and the number of deaths at 25 000. Dengue is endemic in Asia, in the Pacific
region, in Africa, in Latin America and in the Caribbean. More than 100 tropical
countries are endemic for dengue virus infections and hemorrhagic dengue has
been documented in 60 of these countries (Gubler, 2002, TRENDS in
Microbiology. 10:100-103; Monath, 1994, Proc. Natl. Acad. Sci.; 91: 2395-
2400). A certain number of well-described factors appear to be involved in
dengue: population growth; unplanned and uncontrolled urbanization, in
particular in combination with poverty; an increase in air travel, the lack of
effective control of mosquitoes and the deterioration of hygiene infrastructures
and of public health (Gubler, 2002, TRENDS in Microbiology. 10:100-103).
Individuals who travel and expatriates are increasingly warned about dengue
(Shirtcliffe et al., 1998, J. Roy. Coll. Phys. Lond.; 32: 235-237). Dengue has
constituted one of the main causes of febrile diseases in American troops
during deployments in tropical zones endemic for dengue (DeFraites et al.,
1994, MMWR 1994, 43: 845-848).

The viruses are maintained in a cycle which involves humans and Aedes
aegypti, a domestic mosquito which bites during the day, and which prefers to
feed off humans. The infection in humans is initiated by injection of the virus
while an infected Aedes aegypti mosquito feeds on the blood. The virus in the
saliva is deposited mainly in the extravascular tissues. The first category of
cells infected after inoculation are dendritic cells, which then migrate to the
lymph nodes (Wu et al., 2000, Nature Med.; 7:816-820). After an initial
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replication in the skin and in the lymph nodes, the virus appears in the blood
during the acute febrile phase, generally for 3 to 5 days.

Monocytes and macrophages are, with dendritic cells, among the first
targets of the dengue virus. Protection against a homotypic reinfection is
complete and probably lasts for a lifetime, but crossprotection between the
various dengue types lasts less than a few weeks to a few months (Sabin,
1952, Am. J. Trop. Med. Hyg.; 1. 30-50). Consequently, an individual can
experience an infection with a different serotype. A second infection with
dengue is in theory a risk factor for developing a severe dengue disease.
However, hemorrhagic dengue is multifactorial: these factors include the strain
of the virus involved, and also the age, the immune status and the genetic
predisposition of the patient. Two factors play a major role in the occurrence of
hemorrhagic dengue: rapid viral replication with a high viremia (the severity of
the disease being associated with the level of viremia; Vaughn et al., 2000, J.
Inf. Dis.; 181: 2-9) and a substantially inflammatory response with the release
of high levels of inflammatory mediators (Rothman and Ennis, 1999, Virology;
257: 1-6). There is no specific treatment against dengue. The treatment for
dengue fever is symptomatic with confinement to bed, control of the fever and
of the pain with antipyretics and analgesics, and adequate fluid intake. The
treatment for hemorrhagic dengue requires equilibration of fluid losses,
replacement of clotting factors and heparin infusion.

Preventive measures are currently based on controlling the vector and
taking personal protection steps which are difficult to implement and.expensive.
No vaccine against dengue has been approved at this time. Given that the four
dengue serotypes are in circulation in the world and since they have been
reported as being involved in cases of dengue hemorrhagic fever, immunization
should ideally confer protection against the four serotypes of the dengue virus.

The use of different anatomical sites for the administration of dengue
virus has already been described in the literature.

Thus, Halstead et al. (1973, Am. J. Trop. Med. Hyg., 22:375-381) have
shown that an administration of wild-type dengue viruses carried out at 2 or 4
separate anatomical sites for the 4 different serotypes induces protection
against a subsequent infection. However, the authors observe no superiority of
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this type of separate immunization compared with an immunization carried out
at a single site.

Attenuated viral forms of dengue viruses result in interferences in
humans when they are administered in the form of a tetravalent vaccine. This
phenomenon has in particular been described in the following publications:
Gubler D.J. Clin. Microbiol. Rev. 1998; 11 (3):480-96; Rothman A.L. et al
Vaccine 2001; 19:4694-9.

Zhou H and Deem MW. (Vaccine. 2006 Mar 24;24(14):2451-9) have
developed a mathematical model based only on the use of the CD8 epitopes
and aimed at simulating the interferences between the CD8 epitopes of the 4
dengue serotypes. According to this theoretical model, the best way of avoiding
the interferences would be to carry out a primary immunization using a non-
dominant CD8 epitope, followed by a booster by means of an administration at
different anatomical sites of the same CD8 epitopes of each of the 4 serotypes.

There exists, therefore, a need for a method for reducing the
interferences between the various serotypes and for inducing neutralizing
antibodies against the 4 dengue serotypes.

The inventors have demonstrated that it is possible to generate a
homologous immune response comprising antibodies that neutralize the 4
serotypes where the latter are administered simultaneously in pairs at separate
anatomical sites in a first series of administrations and then in a second series
of administrations implemented 30 days to 12 months after the first
administration of the 4 serotypes.

The inventors have in particular shown that a DEN-1,2 bivalent
immunization concomitant with a DEN-3,4 bivalent immunization, carried out at
two separate anatomical sties and followed by a booster of the same vaccinal
doses under the same conditions, induces high responses against the four
serotypes in all the monkeys immunized with the exception of one serotype in
one animal. Conversely, a tetravalent immunization carried out at a single site

made it possible to induce a satisfactory response only against two serotypes

out of 4.
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The immune response generated by the method according to the present
invention is therefore quantitatively and qualitatively greater (covers all the
serotypes).

According to a first subject, the present invention therefore relates to a
method for inducing a homologous protection against the 4 dengue serotypes in a
patient, comprising

(a) a first series of administrations (i) of a dose of a vaccinal dengue virus
of a first serotype and of a dose of a vaccinal dengue virus of a second serotype,
and (ii) of a dose of a vaccinal dengue virus of a third serotype and of a dose of a
vaccinal dengue virus of a fourth serotype, and

(b) a second series of administrations of doses (i) and (ii), in which the
doses (i) and (ii) are administered simultaneously at separate anatomical sites,
and

in which the second series is implemented at least 30 days and at most 12
months after the first series, and

in which said vaccinal dengue viruses of a first, a second, a third and a
fourth serotype are respectively:

vaccinal dengue viruses of serotypes 1, 2, 3 and 4;

vaccinal dengue viruses of serotypes 1, 3, 2 and 4,

vaccinal dengue viruses of serotypes 1, 4, 2 and 3,

vaccinal dengue viruses of serotypes 2, 3, 1 and 4,

vaccinal dengue viruses of serotypes 2, 4, 1 and 3; or

vaccinal dengue viruses of serotypes 3, 4, 1 and 2.

According to another embodiment of the method according to the invention,
the vaccinal dengue viruses (i) are administered in the form of a single bivalent
vaccinal dose.

According to another embodiment of the method according to the invention,
the vaccinal dengue viruses (ii) are administered in the form of a single bivalent

vaccinal dose.
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According to one specific embodiment of the immunization method
according to the invention, said vaccinal dengue virus serotype 1 is selected from
the group consisting of the VDV1 strain and of a ChimeriVax™ DEN-1.

According to another specific embodiment of the method according to the
invention, said vaccinal dengue virus serotype 2 is selected from the group
consisting of the VDV2 strain and of a ChimeriVax™ DEN-2.

According to another specific embodiment of the method according to the
invention, said vaccinal dengue virus serotype 1 is the VDV1 strain and said
vaccinal dengue virus serotype 2 is the VDV2 strain. ,

According to another specific embodiment of the method according to the
invention, said vaccinal dengue virus serotype 1 is a ChimeriVax™ DEN-1 and
said vaccinal dengue virus serotype 2 is a ChimeriVax™ DEN-2.

According to another specific embodiment of the method according to the
invention, said vaccinal dengue virus serotype 3 is a ChimeriVax™ DEN-3.

According to another specific embodiment of the method according to the
invention, said vaccinal dengue virus serotype 4 is a ChimeriVax™ DEN-4.

According to another specific embodiment of the method according to the
invention, the first and second serotypes are, respectively, CYD DEN-1 and CYD
DEN-2 and the third and fourth serotypes are, respectively, CYD DEN-3 and CYD
DEN-4.

According to another specific embodiment of the method according to the
invention, the first and second serotypes are, respectively, CYD DEN-1 and CYD
DEN-3 and the third and fourth serotypes are, respectively, CYD DEN-2 and CYD
DEN-4.

According to another specific embodiment of the method according to the
invention, the amount of vaccinal dengue viruses serotypes 1, 2, 3 and 4 is within
a range of from 10° to 10° CCIDsp.

According to another embodiment of the method according to the invention,
the vaccinal viruses used in the second series of administrations are identical to

those used in the first series of administrations.
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According to another embodiment of the method according to the invention,
the second series of administrations is implemented 30 to 60 days after the first
series of administrations.

A subject of the present invention is also a kit when used for immunization
against the dengue virus, comprising a case containing at least the vaccinal
dengue viruses serotypes 1, 2, 3 and 4

(@) in the form of monovalent compositions containing 4 separate
containers, or

(b) in the form of two bivalent compositions containing 2 separate
containers.

According to one embodiment, the kit according to the invention comprises
at least:

(@) a first container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-1 and a ChimeriVax™ DEN-2, and

(b) a second container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-3 and a ChimeriVax™ DEN-4.

According to another embodiment, the kit according to the invention
comprises at least:

(@) a first container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-1 and a ChimeriVax™ DEN-3, and

(b) a second container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-2 and a ChimeriVax™ DEN-4.

A subject of the present invention is also a kit for immunization against the
dengue virus, comprising a case containing at least the vaccinal dengue viruses of
a first serotype and of a second serotype,

(@) in the form of 2 monovalent compositions contained in 2 separate
containers, or

(b) in the form of a bivalent composition contained in 1 single container.

According to one embodiment, the kit comprises at least:

(a) a container containing a bivalent vaccine comprising a ChimeriVax™
DEN-1 and a ChimeriVax™ DEN-3, or
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(b) a container containing a bivalent vaccine comprising a ChimeriVax™
DEN-2 and a ChimeriVax™ DEN-4, or

(c) a container containing a bivalent vaccine comprising a ChimeriVax™
DEN-1 and a ChimeriVax™ DEN-2, or

(d) a container containing a bivalent vaccine comprising a ChimeriVax™
DEN-3 and a ChimeriVax™ DEN-4.

According to another embodiment, there is provided a kit when used for
immunization against the dengue virus, comprising a case containing at least the
vaccinal dengue viruses of serotypes 1, 2, 3 and 4

(a) in the form of monovalent compositions contained in 4 separate
containers, or

(b) in the form of two bivalent compositions contained in 2 separate
containers;

wherein said monovalent compositions or said bivalent compositions are
used in a method for inducing a protection against the 4 dengue serotypes 1-4 in a
patient, comprising:

a first series of administrations (i) of a dose of a vaccinal dengue virus of a
first serotype and of a dose of a vaccinal dengue virus of a second serotype, and
(i) of a dose of a vaccinal dengue virus of a third serotype and of a dose of a
vaccinal dengue virus of a fourth serotype; and

a second series of administrations of doses (i) and (ii), in which the doses
(i) and (ii) are administered simultaneously at separate anatomtical sites, and

in which the second series is implemented at least 30 days to at most 12
months after the first series, and

in which said vaccinal dengue viruses of a first, a second, a third and a
fourth serotype are respectively:

vaccinal dengue viruses of serotypes 1, 2, 3 and 4;

vaccinal dengue viruses of serotypes 1, 3, 2 and 4;

vaccinal dengue viruses of serotypes 1, 4, 2 and 3;

vaccinal dengue viruses of serotypes 2, 3, 1 and 4;

vaccinal dengue viruses of serotypes 2, 4, 1 and 3; or

vaccinal dengue viruses of serotypes 3, 4, 1 and 2.
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The present invention also provides a bivalent composition or a bivalent
vaccine comprising an immunoeffective amount of the dengue vaccinal viruses of
a first serotype and of a second serotype and a pharmaceutically acceptable
excipient.

According to a specific embodiment, the bivalent composition or vaccine
comprises the vaccinal viruses selected from the group consisting of:
ChimeriVax™ DEN-1 and ChimeriVax™ DEN-3; or ChimeriVax™ DEN-2 and
ChimeriVax™ DEN-4; or ChimeriVax™ DEN-1 and a ChimeriVax™ DEN-2; or
ChimeriVax™ DEN-3 and ChimeriVax™ DEN-4.
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The invention will be described in further detail in the description which
follows.

Definitions

In the context of the present invention, two anatomical sites are
“separate” if they are drained by different lymph nodes. For example, the right
arm and the left arm are considered to be separate sites. The following
separate sites may also be mentioned by way of nonlimiting examples: right
arm/right thigh; left arm/left thigh, left arm/right thigh.

In the context of the present invention, the term “simultaneous
administrations” is intended to mean administrations implemented on the same
day (i.e. at most 24 h). Simultaneous administrations are advantageously
carried out at most 1 hour apart, conventionally 1-5 minutes apart.

In the context of the present invention, the doses (i) are administered at
a first anatomical site, either in the form of two monovalent doses or in the form
of a single bivalent dose. The doses (ii) are, for their part, administered
simultaneously at a second anatomical site, either in the form of two
monovalent doses or in the form of a single bivalent dose, the first and second
sites being separate sites as defined above.

“Dengue viruses” or “DENs" are positive, single-stranded RNA viruses
belonging to the Flavivirus genus of the flaviviridae family. The genomic RNA
contains a type | cap at the 5’ end but lacks a poly-A tail at the 3' end. The
genomic organization consists of the following elements: 5' noncoding region
(NCR), structural proteins (capsid (C), premembrane/membrane (prM/M),
envelope (E)) and nonstructural proteins (NS1-NS2A-NS2B-NS3-NS4A-NS4B-
NS5), and 3' NCR. The genomic viral RNA is associated with the capsid
proteins so as to form a nucleocapsid. As for the other flaviviruses, the DEN
viral genome encodes an uninterrupted coding region which is translated into a
single polyprotein.

In the context of the present invention, the term “vaccinal dengue virus”
is intended to mean any viral form of the dengue virus capable of inducing a
specific homologous immune response, preferably any viral form of the dengue
virus that can be used in the context of an immunization program in humans

against dengue virus infection. The term “vaccinal dengue viruses” is therefore
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intended to mean inactivated viruses, attenuated viruses, or recombinant
proteins such as the dengue virus envelope protein.

A vaccinal virus is considered to be “inactivated” if it no longer replicates
on permissive cells.

A vaccinal virus is considered to be “attenuated” if, after growth at 37°C
or 39°C on Huh-7, VERO and/or C6/36 hepatic cells, said vaccinal virus has a
maximum titer that is at least 10-fold less than the maximum titer obtained with
the wild-type parental strain under the same culture conditions and as
measured using the tittering method. A vaccinal virus that exhibits decreased
growth on at least one of the three cell types identified above is therefore
considered to be “attenuated” in the context of the present invention.

A vaccinal virus that can be used in humans has a positive benefit/risk
ratio, said ratio generally making it possible to comply with the regulatory
requirements for obtaining a marketing authorization. A vaccinal dengue virus
used in the context of the present invention is preferably an attenuated virus
such that it does not induce the disease in humans. Advantageously, said
vaccinal virus produces only side effects that are at most of moderate intensity
(i.,e. moderate to weak, or even zero) in the majority of the individuals
immunized, while at the same time conserving its ability to induce a neutralizing
antibody response.

By way of nonlimiting examples of vaccinal dengue virus that can be
used in the context of the present invention, mention may be made of:
inactivated vaccinal viruses, attenuated vaccinal viruses such as the attenuated
strains VDV-1 or VDV-2, the strains described, for example, in applications:
WO002/66621, WO0057904, WO0057908, WO0057909; WO0057910,
WQO02/0950075 and WO02/102828, or chimeras. Chimeric viruses have the
particularity of having the characteristics of the attenuated viruses as defined
above. Any chimeric virus expressing the dengue virus envelope protein and
inducing an immune response comprising antibodies that neutralize the
serotype from which the envelope protein is derived can therefore be used in
the context of the present invention. By way of nonlimiting examples, mention
may be made of: the dengue chimerivax™ products as described, for example,

in patent application WO 98/37911, and the dengue/dengue chimeras as
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described, for example, in patent applications WO 9640933 and W0O0160847.
The vaccinal dengue virus serotype 1 may, for example, be the VDV1 vaccinal
strain or a ChimeriVax™ DEN-1, in particular a YF17D/DEN-1 virus, or else a
16007/PDK13 DEN-1 strain. The vaccinal dengue virus serotype 2 may, for
example, be the VDV2 vaccinal strain or a ChimeriVax™ DEN-2, in particular a
YF17D/DEN-2 virus, or else a 16681/PDK53 DEN-2 strain. The vaccinal
dengue virus serotype 3 may be a ChimeriVax™ DEN-3, in particular a
YF17D/DEN-3 virus. The vaccinal dengue virus serotype 4 may be a
ChimeriVax™ DEN-4, in particular a YF17D/DEN-4 virus. This strain was
described in patent application EP1159968 in the name of Mahidol University
and was deposited with the Collection Nationale de Cultures de
Microorganismes (CNCM) [National Collection of Microorganism Cultures]
under the number 1-2483.

“VDV" or “Vero dengue vaccine” denotes a live attenuated dengue viral
strain adapted on Vero cells and capable of inducing a specific humoral
response, including the induction of neutralizing antibodies, in primates and in
particular in humans.

“‘VDV-1" is a strain obtained from a wild-type strain DEN-1 16007 which
was subjected to 11 passages on PDK cells (DEN-1 16007/PDK11), which was
then amplified on Vero cells at 32°C, and the RNA of which was purified and
transfected into Vero cells. The VDV-1 strain has 14 additional mutations
compared to the vaccinal strain DEN-1 16007/PDK13 (13 passages on PDK -
Primary Dog Kidney - cells). The DEN-1 16007/PDK13 strain, also called
“LAV1", was described in patent application EP1159968 in the name of Mahidol
University and was deposited with the Collection Nationale de Cultures de
Microorganismes (CNCM) under the number |-2480. The complete sequence of
the VDV-1 strain is given in the sequence SEQ ID NO:1. Said strain can be
readily reproduced from said sequence. A method of preparation and the
characterization of the VDV-1 strain have been described in the International
patent application filed under the names of Sanofi-Pasteur and of the Center for
Disease Control and Prevention under the number PCT/IB 2006/001313.

‘VDV-2" is a strain obtained from a wild-type strain DEN-2 16681 which
was subjected to 50 passages on PDK cells (DEN-2 16681/PDK50), and
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plaque-purified, and the RNA of which was extracted and purified before being
transfected into Vero cells. The VDV-2 strain was then obtained by plaque-
purification and amplification on Vero cells. The VDV-2 strain has 10 additional
mutations compared with the vaccinal strain DEN-2 16681/PDK53 (53
passages on PDK cells), 4 mutations of which are silent. The DEN-2
16681/PDKS3 strain, also called “LAV2", was described in patent application
EP1159968 in the name of Mahidol University and was deposited with the
Collection Nationale de Cultures de Microorganismes (CNCM) under the
number [-2481. The complete sequence of the VDV-2 strain is shown in the
sequence SEQ ID NO:2. The VDV-2 strain can be readily reproduced from said
sequence. A method of preparation and of characterization of the VDV-2 strain
has been described in the International patent application filed in the names of
Sanofi-Pasteur and of the Center for Disease Control and Prevention under the
number PCT/IB 2006/001513.

The VDV 1 and 2 strains are prepared by amplification on Vero cells.
The viruses produced are harvested and clarified with respect to cell debris by
filtration. The DNA is digested by enzymatic treatment. The impurities are
removed by ultrafiltration. The infectious titers can be increased by means of a
method of concentration. After the addition of a stabilizer, the strains are stored
in lyophilized or frozen form before use, and then reconstituted
extemporaneously.

The term “ChimeriVax™ dengue” or “CYD” denotes a chimeric yellow
fever (YF) virus which comprises the backbone of a YF virus in which the
sequences encoding the premembrane and envelope proteins have been
replaced with those of a DEN virus. The term “CYD-1 or CYD DEN1" is thus
used to describe a chimeric YF virus containing the prM and E sequences of a
dengue serotype 1 strain (DEN-1). The term “CYD-2 or CYD DENZ2" is used to
describe a chimeric YF virus containing the prM and E sequences of a DEN-2
strain. The term “CYD-3 or CYD DENS3"is used to describe a chimeric YF virus
containing the prM and E sequences of a DEN-3 strain. The term “CYD-4 or
CYD DEN4" is used to describe a chimeric YF virus containing the prM and E
sequences of a DEN-4 strain. The preparation of these ChimeriVax™ dengues
has been described in detail in International patent applications WO 98/37911
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and WO 03/101397, to which reference may be made for a precise description
of the method for preparing them. The chimeras described in the examples
were generated using the prM and E sequences derived from the DEN1
PUO359 (TYP1140), DEN2 PU0218, DEN3 PaH881/88 and DEN4 1288 (TVP
980) strains. Any strain of the dengue virus could be used in the context of the
present invention for the construction of the chimeras.

Preferably, the chimeric YF virus comprises the backbone of an
attenuated yellow fever strain YF17D (Theiler M, and Smith HH (1937) J Exp.
Med 65, p767-786.) (YF17D/DEN-1, YF17D/DEN-2, YF17D/DEN-3,
YF17D/DEN-4 virus). Examples of YF17D strains which can be used include
YF17D204 (YF-Vax®, Sanofi-Pasteur, Swifwater, PA, USA; Stamaril®, Sanofi-
Pasteur, Marcy I'Etoile, France; ARILVAX™, Chiron, Speke, Liverpool, UK;
FLAVIMUN®, Berna Biotech, Bern, Switzerland); YF17D-204 France
(X15067,X15062); YF17D-204,234 US (Rice et al., 1985, Science, 229:726-
733), or else related strains YF17DD (Genbank accession number U17066),
YF17D-213 (Genbank accession number U17067) and the YF17DD strains
described by Galler et al. (1998, Vaccines 16(9/10):1024-1028). Any other
yellow fever virus strain attenuated for use in humans can be used in the
context of the present invention for the construction of the chimeras.

A subject of the present invention is therefore also a bivalent
composition or vaccine comprising an immunoeffective amount of a vaccinal
dengue virus of a first serotype and of a vaccinal dengue virus of a second
serotype and a pharmaceutically acceptable excipient.

For a description of the vaccinal viruses that can be used in the vaccines
according to the invention, reference may be made to the description given
thereof in the context of the method of immunization according to the invention.

According to a specific embodiment, the bivalent composition or vaccine
according to the invention comprises CYD DEN-1 and CYD DEN-2, or CYD
DEN-3 and CYD DEN-4, or CYD DEN-1 and CYD DEN-3 or CYD DEN-2 and
CYD DEN-4; advantageously, the vaccinal viruses are present in the vaccine in
an amount of 10° CCIDsy.

Each ChimeriVax™ monovalent vaccinal dengue virus (serotypes 1, 2, 3

and 4) was prepared by amplification of each serotype on Vero cells. More
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specifically, the four viruses are produced separately on adherent Vero cells in
serum-free medium. The viral harvest, clarified with respect to cell debris by
filtration, is then concentrated and purified by ultrafiltration and chromatography
in order to remove the host cell DNA. After the addition of a stabilizer, the
vaccinal strains are stored in frozen or lyophilized form before use, and are
then reconstituted extemporaneously. The same method is applied for the four
chimeras.

A dose, a composition or a vaccine is “monovalent” when it contains, in
addition to a pharmaceutically acceptable excipient, a single dengue virus
serotype. A dose, a composition or a vaccine is “bivalent” when it contains two
different dengue virus serotypes. A dose, a composition or a vaccine is
“trivalent” when it contains three different dengue virus serotypes. A dose, a
composition or a vaccine is “tetravalent” when it contains four different dengue
virus serotypes. The multivalent compositions are obtained by simply mixing
the monovalent compositions.

The term “patient” denotes an individual (child or adult) who may be
infected with dengue, in particular an individual at risk of infection, such as, for
example, an individual who travels in regions where dengue is present or an
inhabitant of these regions. This term therefore encompasses individuals who
are naive and also individuals who are non-naive with respect to the dengue

virus.

Sequential immunization at separate anatomical sites

The inventors have shown in particular that the administration of the 4
serotypes in the form of two simultaneous bivalent administrations at separate
anatomical sites, followed by a booster 30 days to 12 months after the first
series of administrations, makes it possible to obtain an effective homologous
protection against the 4 serotypes. The method according to the present
invention is therefore most particularly valuable in the context of an
immunization strategy against dengue.

According to the present invention, the 4 dengue serotypes can be

administered in any order provided that they are administered in pairs (i.e.
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doses (i) and (ii), respectively, in the form of two monovalent doses or of a
single bivalent dose) simultaneously at separate sites.

The method according to the present invention can therefore be
implemented with the embodiments described below:

-(i) serotypes 1 and 2; (ii) serotypes 3 and 4; or

-(i) serotypes 1 and 3; (ii) serotypes 2 and 4; or

-(i) serotypes 1 and 4; (ii) serotypes 2 and 3; or

-('i) serotypes 2 and 3, (ii) serotypes 1 and 4; or

-(i) serotypes 2 and 4; (ii) serotypes 1 and 3; or

-(i) serotypes 3 and 4; (ii) serotypes 1 and 2.

Preferably, the method according to the present invention comprises the
administration of the following vaccinal dengue viruses: (i) serotypes 1 and 2;
(ii) serotypes 3 and 4 or (i) serotypes 1 and 3; (ii) serotypes 2 and 4. The doses
(i) and (ii) are advantageously in the form of bivalent doses.

According to specific embodiments the present invention therefore
covers the following schemes:

-(i) CYD DEN-1 and CYD DEN-2; (ii) CYD DEN-3 and CYD DEN-4

-(i) CYD DEN-1 and CYD DEN-3; (ii)) CYD DEN-2 and CYD DEN-4

-(i) CYD DEN-1 and CYD DEN-4; (ii) CYD DEN-2 and CYD DEN-3

-(i) CYD DEN-2 and CYD DEN-3; (ii)) CYD DEN-1 and CYD DEN-4

-(i) CYD DEN-2 and CYD DEN-4; (ii) CYD DEN-1 and CYD DEN-3

-(i) CYD DEN-3 and CYD DEN-4; (ii) CYD DEN-1 and CYD DEN-2

-(i) VDV-1 and CYD DEN-2; (ii)) CYD DEN-3 and CYD DEN-4

-(i) VDV-1 and CYD DEN-3; (ii) CYD DEN-2 and CYD DEN-4

~(i) VDV-1 and CYD DEN-4; (ii) CYD DEN-2 and CYD DEN-3

-(i) CYD DEN-2 and CYD DEN-3; (ii) VDV-1 and CYD DEN-4

-(i) CYD DEN-2 and CYD DEN-4; (ii) VDV-1 and CYD DEN-3

-(i) CYD DEN-3 and CYD DEN-4; (ii) VDV-1 and CYD DEN-2
(i) CYD DEN-1 and VDV-2 ; (ii) CYD DEN-3 and CYD DEN-4
(i) CYD DEN-1 and CYD DEN-3; (ii) VDV-2 and CYD DEN-4
(i) CYD DEN-1 and CYD DEN-4; (ii) VDV-2 and CYD DEN-3
(i) VDV-2 and CYD DEN-3; (ii) CYD DEN-1 and CYD DEN-4
(i) VDV-2 and CYD DEN-4; (ii) CYD DEN-1 and CYD DEN-3
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(i) CYD DEN-3 and CYD DEN-4; (i) CYD DEN-1 and VDV-2
(i) VDV-1 and VDV-2; (i) CYD DEN-3 and CYD DEN-4
(i) VDV-1 and CYD DEN-3; (ii) VDV-2 and CYD DEN-4
(i) VDV-1 and CYD DEN-4; (ii) VDV-2 and CYD DEN-3
(i) VDV-2 and CYD DEN-3; (ii) VDV-1 and CYD DEN-4
-(i) VDV-2 and CYD DEN-4; (ii) VDV-1 and CYD DEN-3, and
-(i) CYD DEN-3 and CYD DEN-4; (ii) VDV-1 and VDV-2.

Preferably, the method of immunization according to the invention

comprises the administration of the following vaccinal dengue viruses: (i) CYD
DEN-1 and CYD DEN 2; (ii) CYD DEN-3 and CYD DEN-4; or (i) CYD DEN-1
and CYD DEN-3; (ii) CYD DEN-2 and CYD DEN-4. The doses (i) and (ii) are
advantageously in the form of bivalent doses.

The method of immunization according to the present invention
comprises a second series of administrations implemented from 30 days to 12
months, advantageously from 30 days to 3 months, preferably 30 days, 45
days or 60 days, after the first series of administrations (i and ii), which
advantageously comprises the administration of the same compositions as
those used in the first series, which are advantageously administered under the
same conditions.

In the context of the present invention, the term “dose of vaccinal virus”
is intended to mean a composition comprising an “immunoeffective amount” of
the vaccinal dengue virus, i.e. an amount of dengue virus sufficient to induce a
homologous neutralizing antibody response, which can be demonstrated, for
example, by means of the seroneutralization test as described below in
example 1. A serum is considered to be positive for the presence of
neutralizing antibodies when the neutralizing antibody titer thus determined is
greater than or equal to 1:10 (unit: 1/dilution).

Vaccinal strain amounts are commonly expressed in terms of viral
plague-forming units (PFU) or of 50% tissue culture infectious dose, or else of
50% cell culture infectious dose (CCIDsp). For example, the compositions
according to the invention can contain from 10 to 10® CCIDsp, in particular from
10° to 10° CCIDsp of vaccinal dengue virus serotype 1, 2, 3 or 4 for a

monovalent or bivalent composition. Thus, in the compositions or use
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according to the invention, the doses of vaccinal dengue viruses serotypes 1, 2,
3 and 4 are preferably each within a range of from 10 to 10° CCIDso, such as
10, 10", 102, 10°, 10*, 10° or 10° CCIDsy, in particular in a range from 10° to 10°
CCIDso. The vaccinal viruses can be used at identical or different doses, which
can be adjusted according to the nature of the vaccinal virus used and to the
strength of the immune response obtained.

According to a specific embodiment of the method according to the
present invention, the monovalent or bivalent doses of vaccinal viruses
comprise, respectively, 10° CCIDsy of CYD DEN-1, of CYD DEN-2, of CYD
DEN-3 and of CYD DEN-4.

The neutralizing antibody response is advantageously a lasting
response, i.e. it can be detected in the serum at least 6 months after the
second series of administrations (i) and (ii).

The dose of a vaccinal dengue virus of a first serotype and the dose of a
vaccinal dengue virus of a second serotype (i.e. dose(s) (i)) are administered
simultaneously in the form of two monovalent compositions, or advantageously
in the form of a single bivalent composition or dose.

Similarly, the dose of a vaccinal dengue virus of a third serotype and the
dose of a vaccinal dengue virus of a fourth serotype (i.e. dose(s) (ii)) are
administered simultaneously in the form of two monovalent vaccinal
compositions, or advantageously in the form of a single bivalent vaccinal
composition.

The vaccinal viruses are administered in the form of vaccinal
compositions or vaccinal virus doses which can be prepared according to any
method known to those skilled in the art. Usually, the viruses, generally in
lyophilized form, are mixed with a pharmaceutically acceptable excipient, such
as water or a phosphate buffered saline solution, wetting agents or stabilizers.
The term “pharmaceutically acceptable excipient” is intended to mean any
solvent, dispersing medium, filler, etc., which does not produce a side reaction,
for example an allergic reaction, in humans or animals. The excipient is
selected according to the pharmaceutical form chosen, and to the method and

route of administration. Appropriate excipients and also the requirements in
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terms of pharmaceutical formulation are described in “Remington: The Science
& Practice of Pharmacy”, which represents a reference work in the field.

Preferably, the vaccinal compositions are prepared in an injectable form,
and can correspond to liquid solutions, suspensions or emulsions. The
compositions can in particular include an aqueous solution buffered so as to
maintain a pH of between approximately 6 and 9 (as determined with a pH
meter at ambient temperature).

Although it is not necessary to add an adjuvant, the compositions can
nevertheless include such a compound, i.e. a substance which increases,
stimulates or strengthens the cellular or humoral immune response induced by
the vaccinal strain administered simultaneously. Those skilled in the art are in a
position to select, from the adjuvants conventionally used in the field of
vaccines, an adjuvant which may be suitable in the context of the present
invention.

The vaccinal compositions according to the invention can be
administered according to any route normally used in immunization, for
example parenterally (in particular intradermally, subcutaneously or
intramuscularly), advantageously subcutaneously. Preferably, the vaccinal
compositions are injectable compositions administered subcutaneously in the
left deltoid and the right deltoid region.

The volume of composition administered depends on the route of
administration. For subcutaneous injections, the volume is generally between
0.1 and 1.0 ml, preferably approximately 0.5 ml.

The optimal period for the administration of all the serotypes 1 to 4, is
approximately 1 to 3 months before exposure to the dengue virus. The
vaccines can be administered as a prophylactic treatment for infection with a
dengue virus in adults and children. Target populations therefore include
individuals who may be naive (i.e. not previously immunized) or non-naive with
respect to the dengue virus.

Vaccinal dengue virus serotypes 1 to 4 booster administrations can also
be carried out, for example, between 6 months and 10 years, for example
6 months, 1 year, 3years, 5years or 10 years, after administration of the

second series of administrations according to the invention. The booster
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administrations will advantageously be implemented using the same vaccinal
compositions (i.e. the same vaccinal viruses) and preferably under the same
administration conditions (anatomical sites and routes of administration) as
those used for the 1st and 2nd series of administrations.

The interference phenomena can be explained by the dominance of one
or more serotypes compared with others, and are therefore independent of the
technology used to manufacture the vaccine candidate (for example, VDV or
chimerivax). The method according to the present invention can therefore apply

in general to any vaccinal dengue virus.

A subject of the present invention is therefore also the use of doses of
vaccinal dengue virus for the preparation of a vaccine for inducing a protection
against the 4 dengue serotypes, comprising:

(a)  a first series of administrations (i) of a dose of a vaccinal dengue
virus of a first serotype and of a dose of a vaccinal dengue virus of a second
serotype, and (ii) of a dose of a vaccinal dengue virus of a third serotype and of
a dose of a vaccinal dengue virus of a fourth serotype, and

(b)  asecond series of administrations of doses (i) and (ii),

in which the doses (i) and (ii) are administered simultaneously at
separate anatomical sites, and

in which the second series is implemented at least 30 days to at most 12
months after the first series.

For a description of the vaccinal dengue viruses that can be used in the
context of the present invention, reference may be made to the description
given thereof in relation to the method of immunization according to the

invention.

A subject of the present invention is also a kit for immunization against
the four dengue virus serotypes. The kit according to the present invention
comprises the doses as defined above in relation to the method of
immunization proposed. The kit according to the invention therefore comprises

a case containing the various containers containing the vaccinal doses and
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advantageously an instruction leaflet containing the information useful for
administration of the vaccines.

According to one embodiment, the kit according to the invention
comprises a case containing at least the vaccinal dengue viruses serotypes 1,
2,3and 4

(a) in the form of monovalent compositions contained in 4 separate
containers, or

(b)  in the form of two bivalent compositions contained in 2 separate
containers.

According to another embodiment, the kit according to the invention
comprises a case containing at least the vaccinal dengue viruses of a first
serotype and of a second serotype,

(@) in the form of two monovalent compositions contained in 2
separate containers, or

(b) in the form of a bivalent composition contained in 1 single
container.

For a description of the vaccinal dengue viruses that can be used in the
kit according to the invention, reference may be made to the description of the
vaccinal viruses given above in relation to the method of immunization
according to the invention.

According to a specific embodiment, the kit according to the present
invention therefore comprises at least:

(a) a first container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-1 and a ChimeriVax™ DEN-2, and

(b) a second container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-3 and a ChimeriVax™ DEN-4.

According to another embodiment, the kit according to the invention
comprises at least:

(@) a first container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-1 and a ChimeriVax™ DEN-3, and

(b) a second container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-2 and a ChimeriVax™ DEN-4.
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According to another embodiment, the kit according to the invention
comprises at least:

(@) a container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-1 and a ChimeriVax™ DEN-3, or

(b) a container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-2 and a ChimeriVax™ DEN-4, or

(¢) a container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-1 and a ChimeriVax™ DEN-2, or

(d) a container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-3 and a ChimeriVax™ DEN-4.

The kits according to the invention may contain a single example or
several examples of the containers as described above.

If the vaccines used are in lyophilized form, the kit will advantageously
comprise at least one additional container containing the diluent for
reconstituting an injectable vaccinal dose. Any pharmaceutically acceptable
diluent may be used to do this, conventionally water or a phosphate buffered

aqueous solution.

The invention is illustrated by means of the following examples.

EXAMPLES

Example 1: Immunization in monkeys by simultaneous injection of
two bivalent compositions at separate anatomical sites

The viremia and the immunogenicity were tested in a monkey model.
The viremia, in particular, was identified as one of the factors associated with
the virulence and the severity of the disease in man and therefore constitutes
an important parameter to be taken into consideration. The immunogenicity is,
for its part, a key parameter in the context of the evaluation of the protection

conferred.

1.1 Materials and methods:

The experiments in monkeys were carried out according to the European

Directives relating to animal experimentation. The immunizations were carried
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out in cynomolgus monkeys (Macaca fascicularis) originating from Mauritania.
The monkeys were placed in quarantine for six weeks before immunization.
The monkeys were immunized subcutaneously in the arms with 0.5 ml of
vaccinal composition. After a light anesthesia with ketamine (Imalgene, Merial),
blood was collected by puncture from the inguinal or saphenous veins. At day 0
and 28 following each immunization, 5 ml of blood were sampled in order to
evaluate the antibody responses, while, between days 2 and 10, 1 mi of blood
was sampled in order to evaluate the viremia. The blood was collected on ice
and stored on ice until serum separation. To do this, the blood was centrifuged
for 20 minutes at 4°C and the serum collected was stored at -80°C until the

time of the tests.

Measurement of viremia

The post-vaccinal viremias were monitored by quantitative real-time
RP-PCR (qRT-PCR). Two sets of primers and of probes located in the NS5
gene of the DEN1 and DEN2 strains were used to quantify the VDV-1 RNA and
VDV-2 RNA, respectively. A third set of 2 primers and of 1 probe located in the
NS5 gene of the YF virus was used to quantify the CYD RNA. Finally, 4 sets of
primers and of probes specific for the various CYD serotypes, located at the
junction of the E (DEN)/NS1 (YF) genes were used to identify the serotype in
the samples positive for the YF NS5 RNA (see also table I). 7 plasmids
containing, under the control of the T7 promoter, the region targeted by each
PCR were transcribed in vitro so as to generate a series of synthetic RNAs
which were included as an internal reference in each RT-PCR assay. These
synthetic RNAs were assayed by spectrophotometry, and the amount of RNA
obtained was converted to number of RNA copies and expressed as GEQ
(genomic equivalents).

0.140 ml of monkey serum was extracted using the Macherey Nagel
“Nucleospin 96 virus™” RNA extraction kit, according to the manufacturer's
instructions, and then the purified RNA was eluted with 0.140 ml (0.090 ml,
then 0.05 ml) of RNase-free water. In order to avoid repeated freezing/thawing
cycles, a first quantification was carried out immediately after the extraction, on

5 pl of said RNA preparation. The remaining volume was frozen at 70°C.
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The reaction mixtures contained, in addition to the components of the
“Qiagen Qauntitect™ probes” RT-PCR quantification kit (Qiagen), 10 picomol
of each primers, 4 picomol of each probe and 5 ul of RNA, in the total volume
of 25 pl. In the case of the RNAs to be tested, 5 ul of the purified preparation
were directly introduced into the reaction mixture, without any prior dilution
step. The synthetic RNAs were diluted to 1/10 in RNAse-free water, and
7 dilutions containing approximately 10 to 10° GEQ in 5 pl were quantified in
parallel in order to generate the standard curve.

The quantification reactions were carried out on the Applied Biosystem
ABIPrism 700™ device, using the following program: 50°C/30 min,
95°C/15 min, then 40 cycles of 95°C/15 sec-60°C/60 sec.

The limit of quantification of the viral RNA in this test is from 2.9 to
3.3 log1oGEQ/mI (800 to 2000 GEQ/mI; 4 to 10 GEQ/reaction), according to the
PCR targets (standard deviation: +/-0.3 log1p).

The correlation between the infectious titer and the viral RNA
quantification was established in parallel to the assays, by analysis of 0.140 ml
of negative monkey serum samples (DO) to which a known amount of
infectious particles of the viruses which were used for the immunization (CYD
or VDV) were added. Said control sera were prepared at two dilutions
containing approximately 1 PFU and approximately 100 PFU in 5l (2.3 and
4.3 log1oPFU/mI, respectively).

In the tests used in the examples, the correlation between GEQ and
PFU is the following: GEQ/PFU ratio of 2.7 logo (i.e.: 1 PFU = 500 GEQ) for
the sera positive for YF or CYDs. GEQ/PFU ratio of 2.5 log1o (i.e.: 1 PFU = 320
GEQ) for the sera positive for VDV1 or VDV?2.

The quantification limits being < 3.3 log1cGEQ/mI (i.e.: <4 PFU/mI) for
gRT-PCR YF and CYDs and <2.9logGEQ/m| (i.e.: <2.5 PFU/mI) for
gRT-PCR VDV1 and VDV2.

The primers and probes used are given in table 1 below, in which are

listed, in order, for each assay, the sense and antisense primers and the probe.
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Table 1
) sequence
YF-NSS5 sense 5'GCACGGATGTAACAGACTGAAGA (23 bases)
YF NS5 anti 5'CCAGGCCGAACCTGTCAT (18 bases)
> YF-NS5 5'Fam CGACTGTGTGGTCCGGCCCATC -Tanmva (22 bases)
- CYD1-  sense 5'CATTGC AGT TGG CCT GGT AA (20 b)
g o CYD1-  anti 5' CTTTGG CAA GAG AGA GCT CAA GT (23 b)
“ CYD1- 5'Fam-CCG ATC AAG GAT GCG CCA TCA-Tamra (21 b)
~ CYD2  sense 5'GTG GGA GTC GTGACGCTGTA (20 b)
g 2 CYD2- anti 5'GTT GAT GGC GCATCC TTG ATC (21 b)
“  CYD:z 5'FamTGG GAG TTA TGG TGG GCG CCG-Tamra (21 b)
o CYD3 sense 5"AAA ACA CTT CCATGT CAT TTT CAT G (25b)
g 9 CYD3 anti 5'GTT GATGGC GCATCCTTG ATC (21 b)
L CYD3 5'FamTGCGATAG GAATTATCACACTCTATCTGGGAGC-Tamra (33b)
- CYD4" sense 5'CTTAGTATT GTG GAT TGG CAC GAA (24 b)
g o CYD4 anti 5'GCG CCAACT GTG AAA CCT AGA (21 b)
®  CYD4 5'-FamAGAAACACTTCAATGG CAATGACGTGCAT-Tamra (29 b)
- VDV1-NS5 sense 5'TCG CAA CAG CCTTAACAGC (19 b)
E 2 VDV1-NSS5 anti 5'ACTATCTCCCTCCCATCCTTC (21 b)
. VDV1-NS5 5'FamTTC ACA CCA CTT CCA C-MGB/NFQ (16 b)
~ VDV2-NS5 sense 5'AAT GAC AGA CAC GACTCC (18 b)
é § VDV2-NS3 anti 5'CCCAAAACCTACTATCTTCAAC (22b)
@ VvDV2-NS5 5'FamTGG AAG TCG GCA CGT GA-MGBINFQ (17 b)

Measurement of neutralizing antibodies (seroneutralization test) (SN50)

Conventionally, the dengue antibody measurement is established using
the PRNT50 (50% PFU number reduction neutralization test). Since this test is
laborious and uses up a lot of material, we developed the SN50 test, based on
50% reduction in the number of units measured in a CCID50 test.

In a 96-well plate, 0.120 ml of each decomplemented serum is added to
0.480 ml of diluent (ISCOVE 4% FCS) per well. 6-fold serial dilutions are
prepared by transfer of 0.150 ml of serum into 0.450 ml of diluent. 450 pl of
virtual dilution at 2.7 logip CCID50/ml are added to each well so as to obtain
25 CCID50/well. The plate is incubated at 37°C for 1 hour. 0.1 ml of each
dilution is then distributed into 6 wells of a 96-well plate into which VERO cells
had been seeded 3 days before the beginning of the experiment at a density of
8000 cells/well, in 0.1 ml of ISCOVE medium containing 4% FCS. After
incubation at 37°C for 6 days, in the presence of 5% CO,, the cells are fixed
with an ethanol/acetone (70/30) mixture at 4°C for 15 minutes, and then
washed 3times in PBS and incubated for 1 h at 37°C in the presence of

0.05 ml of a 1/2000 dilution of an anti-flavivirus monoclonal antibody (mAb
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4G2). The plates are then washed twice and incubated for 1 h at 37°C in the
presence of 0.05 ml of a 1/1000 dilution of an alkaline phosphatase-conjugated
anti-mouse IgG. The lysis plaques are visualized by adding 0.05 ml of a colored
substrate: BCIP/NBT. The neutralizing antibody titers are calculated using the

Karber formula as defined below:

log1oSN50 = d + f/IN (X + N/2),

in which:
d represents the dilution resulting in 100% neutralization (i.e. 6 negative
replicates, i.e. replicates exhibiting no sign of infection)
f: represents the dilution factor in log10 (e.g. dilution factor of 1:4, f = 0.6)
N: represents the number of replicates/dilution (N=6)
X: total number of wells exhibiting no sign of infection, with the exception of the
dilution d

The limit of viral detection is 10 SN50 (i.e. 1.0 log1oSN50).

The viral strains which were used for the neutralization are the DEN1
16007, DEN2 16681, DEN3 16562 or DEN4 1036 strains.
For the controls, the initial viral dilutions were re-titrated.
The correlation between the neutralizing titer measured in the SN50 test and
the neutralizing titer measured conventionally in the PRNTS50 test is:
log1oPRNTS50 = log1oSN50 + 0.2

The mean titer (GMT) is established by calculating the geometric mean
of the titers expressed as a linear value, samples of which the titer is less than
the detection threshold being assigned, by convention, a value equal to half this
threshold.

1.2  Evaluation of the sequential immunizations

2 groups of 4 monkeys of equivalent age and weight were immunized
(see table 2).
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The immunization was carried out subcutaneously in the arm, with a
23G1 needle, at a dose of 10° CCIDsy for each serotype for the CYD DEN 1 to
4 vaccines.

Table 2: Composition of the groups and immunization protocol

5
Monkeys
Immunizations
Group DO D58
1 CYD-1,2 in one arm CYD-1,2in one arm
CYD-3,4 in the other arm | CYD-3,4 in the other arm
2 CYD-1,2,3,4 CYD-1,2,34

The immunogenicity results obtained after one immunization (D28) and
two immunizations (D86) are given in table 3.

The viremia results are given in table 4.
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Briefly, the results can be summarized as follows:

- The administration scheme according to the present invention makes it
possible to qualitatively and quantitatively increase the homologous neutralizing
antibody response which is obtained with the tetravalent immunization.

- The bivalent immunization CYD-1,2 concomitant with a CYD-3,4
immunization carried out at a separate anatomical site induces, after booster,
homologous responses against the four serotypes in all the monkeys, except
for serotype 3 in one animal.

- Furthermore, the responses against serotypes 1 and 4 have a
tendency to be higher in the case of simultaneous bivalent immunizations than
with tetravalent immunization at a single site.

- The viremia (table 4) is predominantly caused by CYD-4 whether this is
after simultaneous bivalent administration or tetravalent administration. It can
therefore be concluded therefrom that separation of the serotypes does not
promote the emergence of a serotype 1, 2 and 3 viremia.

The examples therefore show that the method of immunization
according to the present invention improves the immunogenicity of the vaccinal

dengue viruses without impairing the safety of the latter.

Example 2 Immunization by simultaneous injection of two bivalent
compositions CYD-1,4 and CYD-2,3 at distinct anatomical sites in monkeys

The viremia and the immunogenicity were tested in the monkey model
as in example 1. In the present example, the bivalent compositions tested
contain, respectively, the most immunogenic vaccinal viruses (CYD-1,4) and
the least immunogenic vaccinal viruses (CYD-2,3).

2.1 Materials and methods: Identical to example 1

2.2  Evaluation of the simultaneous immunizations

Two groups of 4 monkeys of equivalent age and weight were immunized
(see table 5).
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The immunization was carried out as described in example 1.

Table 5: Composition of the groups and immunization protocol

-29-
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Monkeys
Group Immunizations
DO D58
CYD 1,4 inone CYD 1,4 inone
y arm arm
CYD 2,3 in the CYD 2,3 in the
other arm other arm
2 CYD 1234 CYD 1234

The immunogenicity results obtained after one immunization (D28) and
two immunizations (D86) are given in table 6.

The viremia results are similar to those obtained in example 1, showing
viremia induced by serotype 4 and no significant differences between the two

groups.
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The results support those obtained in example 1 and can be summarized as
follows:

- The administration scheme makes it possible to qualitatively and
quantitatively increase the homologous neutralizing antibody response which is
obtained with the tetravalent immunization.

- The bivalent immunization CYD-1,4 concomitant with a CYD-2,3
immunization carried out at a separate anatomical site induces, after booster,
homologous responses against the four serotypes in all the monkeys, which is not
the case in the conventional tetravalent group, as seen in example 1.

- Compared with those of the group of monkeys having received two
bivalents CYD-1,2 and CYD-3,4 in example 1, the antibody titers observed after
bivalent immunization CYD-1,4 concomitant with a CYD-2,3 immunization are
higher for serotypes 1, 2 and 3, and lower for serotype 4, which shows a more
balanced response between the 4 serotypes, less dominated by serotype 4.

- Separating the dominant serotypes from the others in such an
immunization scheme enabled a balanced response against the 4 serotypes.

The 2 examples above therefore show that the immunization method according to
the present invention improves the immunogenicity of the vaccinal dengue viruses
without impairing the safety of the latter, as evaluated by measuring the viremia.

Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise", and variations such as
"comprises" and "comprising", will be understood to imply the inclusion of a stated
integer or step or group of integers or steps but not the exclusion of any other
integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken
as an acknowledgment or admission or any form of suggestion that that prior
publication (or information derived from it) or known matter forms part of the
common general knowledge in the field of endeavour to which this specification
relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for inducing a protection against the 4 dengue serotypes in a
patient, comprising:

(a) a first series of administrations (i) of a dose of a vaccinal dengue virus
of a first serotype and of a dose of a vaccinal dengue virus of a second serotype,
and (ii) of a dose of a vaccinal dengue virus of a third serotype and of a dose of a
vaccinal dengue virus of a fourth serotype, and

(b) a second series of administrations of doses (i) and (ii), in which the
doses (i) and (ii) are administered simultaneously at separate anatomical sites,
and

in which the second series is implemented at least 30 days to at most 12
months after the first series, and

in which said vaccinal dengue viruses of a first, a second, a third and a
fourth serotype are respectively:

vaccinal dengue viruses of serotypes 1, 2, 3 and 4,

vaccinal dengue viruses of serotypes 1, 3, 2 and 4,

vaccinal dengue viruses of serotypes 1, 4, 2 and 3;

vaccinal dengue viruses of serotypes 2, 3, 1 and 4,

vaccinal dengue viruses of serotypes 2, 4, 1 and 3; or

vaccinal dengue viruses of serotypes 3, 4, 1 and 2.

2. The method as claimed in claim 1, in which the vaccinal dengue viruses

(i) are administered in the form of a single bivalent dose.

3. The method as claimed in claim 1 or 2, in which the vaccinal dengue

viruses (ii) are administered in the form of a single bivalent vaccinal dose.

4. The method as claimed in any one of claims 1 to 3, in which said vaccinal
dengue virus of serotype 1 is selected from the group consisting of the VDV1
strain and of a ChimeriVax™ DEN-1.
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5. The method as claimed in any one of claims 1 to 4, in which said vaccinal
dengue virus of serotype 2 is selected from the group consisting of the VDV2
strain and of a ChimeriVax™ DEN-2.

6. The method as claimed in any one of claims 1 to 5, in which said vaccinal
dengue virus of serotype 1 is the VDV1 strain and said vaccinal dengue virus
serotype 2 is the VDV2 strain.

7. The method as claimed in any one of claims 1 to 5, in which said vaccinal
dengue virus of serotype 1 is a ChimeriVax™ DEN-1 and said vaccinal dengue
virus serotype 2 is a ChimeriVax™ DEN-2.

8. The method as claimed in any one of claims 1 to 7, in which said vaccinal
dengue virus of serotype 3 is a ChimeriVax™ DEN-3.

9. The method as claimed in any one of claims 1 to 8, in which said vaccinal
dengue virus of serotype 4 is a ChimeriVax™ DEN-4.

10. The method as claimed in any one of claims 1 to 9, in which the first
and second serotypes are, respectively, serotype 1 and serotype 2 and the third

and fourth serotypes are, respectively, serotype 3 and serotype 4.

11. The method as claimed in any one of claims 1 to 9, in which the first
and second serotypes are, respectively, serotype 1 and serotype 4 and the third

and fourth serotypes are, respectively, serotype 2 and serotype 3.

12. The method as claimed in any one of claims 1 to § and 7 to 9, in which
the first and second serotypes are, respectively, CYD DEN-1 and CYD DEN-2 and
the third and fourth serotypes are, respectively, CYD DEN-3 and CYD DEN-4 .
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13. The method as claimed in any one of claims 1 to 5 and 7 to 9, in which
the first and second serotypes are, respectively, CYD DEN-1 and CYD DEN-4 and
the third and fourth serotypes are, respectively, CYD DEN-2 and CYD DEN-3 .

14. The method as claimed in any one of claims 1 to 13, in which the
amount of dengue vaccinal viruses of serotypes 1, 2, 3 and 4 is within a range of
from 10° to 10° CCIDs,.

15. The method as claimed in any one of claims 1 to 14, in which the
vaccinal viruses used in the second series of administrations are identical to those
used in the first series of administrations.

16. The method as claimed in any one of claims 1 to 14, in which the
second series of administrations is implemented 30 days to 60 days after the first

series of administrations.

17. A kit when used for immunization against the dengue virus, comprising
a case containing at least the vaccinal dengue viruses of serotypes 1, 2, 3 and 4

(@) in the form of monovalent compositions contained in 4 separate
containers, or

(b) in the form of two bivalent compositions contained in 2 separate
containers;

wherein said monovalent compositions or said bivalent compositions are
used in a method for inducing a protection against the 4 dengue serotypes 1-4 in a
patient, comprising:

a first series of administrations (i) of a dose of a vaccinal dengue virus of a
first serotype and of a dose of a vaccinal dengue virus of a second serotype, and
(i) of a dose of a vaccinal dengue virus of a third serotype and of a dose of a
vaccinal dengue virus of a fourth serotype; and

a second series of administrations of doses (i) and (ii), in which the doses
(i) and (i) are administered simultaneously at separate anatomtical sites, and
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in which the second series is implemented at least 30 days to at most 12
months after the first series, and
in which said vaccinal dengue viruses of a first, a second, a third and a

fourth serotype are respectively:
vaccinal dengue viruses of serotypes 1, 2, 3 and 4;
vaccinal dengue viruses of serotypes 1, 3, 2 and 4;
vaccinal dengue viruses of serotypes 1, 4, 2 and 3;
vaccinal dengue viruses of serotypes 2, 3, 1 and 4;
vaccinal dengue viruses of serotypes 2, 4, 1 and 3; or
vaccinal dengue viruses of serotypes 3, 4, 1 and 2.

18.  The kit as claimed in claim 17, comprising at least:

(a) a first container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-1 and a ChimeriVax™ DEN-2, and

(b) a second container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-3 and a ChimeriVax™ DEN-4.

19. The kit as claimed in claim 18, comprising at least:

(@) a first container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-1 and a ChimeriVax™ DEN-3, and

(b) a second container containing a bivalent vaccine comprising a
ChimeriVax™ DEN-2 and a ChimeriVax™ DEN-4.

20. The use of doses of vaccinal dengue virus for the preparation of a
vaccine for inducing a protection against the 4 dengue serotypes 1-4, comprising:

(a) a first series of administrations (i) of a dose of a vaccinal dengue virus
of a first serotype and of a dose of a vaccinal dengue virus of a second serotype,
and (ii) of a dose of a vaccinal dengue virus of a third serotype and of a dose of a
vaccinal dengue virus of a fourth serotype, and

(b) a second series of administrations of doses (i) and (ii),

in which the doses (i) and (ii) are administered simultaneously at separate
anatomical sites, and
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in which the second series is implemented at least 30 days to at most 12
months after the first series, and

in which said vaccinal dengue viruses of a first, a second, a third and a
fourth serotype are respectively:

vaccinal dengue viruses of serotypes 1, 2, 3 and 4,

vaccinal dengue viruses of serotypes 1, 3, 2 and 4;

vaccinal dengue viruses of serotypes 1, 4, 2 and 3;

vaccinal dengue viruses of serotypes 2, 3, 1 and 4,

vaccinal dengue viruses of serotypes 2, 4, 1 and 3; or

vaccinal dengue viruses of serotypes 3, 4, 1 and 2.

21. The method as claimed in claim 1, or a kit as claimed in claim 17,
substantially as herein described.
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gtggaaatcg
ggtgctgcag
acggcatgga
ctgcagggtc
ttgaagaagt
tgttcctect

1560
1620
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
3240
3300
3360
3420
3480
3540
3600




tcttataatg
caacgcttca
aatgagacca
tcttcttaca
gctgggggat
acaccagcta
ctatgcatgg
gtccacgacc
accactaccc
caatgaagga
tgatgtgccg
atccggaagc
agcagaacac
gaagataaaa
ggcagtctca
gcagaaaaag
aagagcagtt
ccaagtagga
gggagctgtc
agacttgatc
agtacaggtg
taccttcaag
atctggatct
ggtgacaaca
gcctctacca
acatccagga
aaggaagctg
ggcactcaag
aaaggagata
gagagttccc
catagcagcc
tatgacagcc
agatgaggaa
ttttccaggt

ggacaattga
gacaagatgg
atgttcgecg
attggcttga
ggacttgcaa
tgggctactc
aagacaatgg
tctcaaaaaa
atgtttctta
attatggctg
ctagceggec
tcagctgatt
tcaggcgect
gatgaagaga
ggggtgtacc
aaacagagat
cttgatgatg
gtaggagttt
ctcatgtatc
tcatatggag
attgctgttg
acccctgaag
cccatcgtaa
agcggaactt
gagattgagg
tcgggaaaaa
cgcacgctaa
ggagtgccaa
gttgacctta
aattataaca
agagggtaca
actcccccag
agagacattc

aaaacagtct
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catggagtga
ggatgggaac
tcgggctatt
gcctggtgge
taggcatcat
tgctatcctt
ctatggtact
caacatggct
taacagaaaa
ttggaatagt
cattaatagc
tatcactgga
cacacaacat
gagatgacac
caatgtcaat
caggagtgct
gcatctatag
tccaagaagg
aaggaaaaag
gaggttggag
aaccgggaaa
gcgaagttgg
acagagaggg
acgttagtgc
acaaggtgtt
caagaagata
tcctagctec
taaggtatca
tgtgccacgc
tgattatcat
tctcaacccg
gatcggtgga
ctgagagatc
ggtttgttcc

tctgatcagg
aacgtaccta
atttcgcaga
atccgtggag
gatgttgaaa
gacatttatt
gtcaattgta
tccggtgctg
caaaatctgg
tagtattcta
tggaggcatg
gaaagcggct
actagtagag
gctcaccatt
accagcgacc
atgggacaca
aattttgcaa
cgtgttccac
gctggaacca
gtttcaagga
aaaccccaaa
agccatagcc
aaaaatagta
catagctcaa
taggaaaaga
ccttccagcec
cacaagagtt
gacaacagca
cactttcacc
ggatgaagca
agtgggtatg
ggcctttcca
atggaactca

aagcatcaaa
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ttatgtatta
gctttaatgg
ctaacatcta
ctaccaagtt
ttattgactg
aaaacaactt
tctcrcttcc
ttgggatctc
ggaaggaaga
ctaagttcac
ctaatagcat
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