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Dengue serotype 2 attenuated strain

The invention relates to new live attenuated VDV2 (VERO-Derived Dengue
serotype 2 virus) strains which are derived from the wild-type dengue-2 strain 16681 by
passaging on PDK and Vero cells sanitization. The invention further relates to a vaccine
composition which comprises such VDV2 strain.

Dengue diseases are caused by four closely related, but antigenically distinct,
virus serologic types (Gubler, 1988; Kautner et al., 1997; Rigau-Pérez et all., 1998;
Vaughn et al., 1997), of the genus Flavivirus (Gubier, 1988). Infection with a dengue
virus serotype can produce a spectrum of clinical illnesses ranging from a non-specific
viral syndrome to severe, fatal haemorrhagic disease. The incubation period of dengue
fever (DF) after the mosquito bite averages 4 days (range 3-14 days). DF s
characterised by biphasic fever, headache, pain in various parts of the body, prostration,
rash, lymphadenopathy and leukopenia (Kautner et al., 1997, Rigau-Pérez et al., 1998).
The viremic period is the same as of febrile iliness (Vaughn et al., 1997). Recovery from
DF is usually complete in 7 to 10 days but prolonged asthenia is common. Leukocytes
and platelets counts decreases are frequent.

Dengue haemorrhagic fever (DHF) is a severe febrile disease characterised by
abnormalities of homeostasis and increased vascular permeability that can lead to
hypovolemia and hypotension (dengue shock syndrome, DSS) often complicated by
severe internal bleeding. The case fatality rate of DHF can be as high as 10% without
therapy, but below 1% in most centres with therapeutic experience (WHO Technical
Guide, 1986).

Routine laboratory diagnosis of dengue infections are based on virus isolation
and/or the detection of dengue virus-specific antibodies.

Dengue disease is the second most important tropical infectious disease after
malaria, with over half of the world's population (2.5 billion) living in areas at risk for
epidemic transmission. An estimated 50 to 100 million cases of dengue, 500,000
hospitalised DHF patients and 25,000 deaths occur each year. Dengue is endemic in
Asia, the Pacific, Africa, Latin America, and the Caribbean. More than 100 tropical

countries have endemic dengue virus infections, and DHF have been documented in
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more than 60 of thése (Gubler, 2002; Monath, 1994). A number of well described factors
appear to be involved in dengue infections: population growth, unplanned and
uncontrolled urbanisation particularly in association with poverty, increased air travel,
lack of effective mosquito control, and the deterioration of sanitary and public health
infrastructure (Gubler, 2002). The awareness of dengue in travellers and expatriates Is
increasing (Shirtcliffe et al., 1998). Dengue has proven to be a major cause of febrile
liness among US troops during deployments in dengue-endemic tropical areas
(DeFraites et al., 1994).

The viruses are maintained in a cycle that involves humans and Aedes aegypll, a
domestic, day-biting mosquito that prefers to feed on humans. Human infection Is
initiated by the injection of virus during blood feeding by an infected Aedes aegypti
mosquito. Salivary virus is deposited mainly in the extravascular tissues. The primary
cell subset infected after inoculation is dendritic cells, which subsequently migraie to
draining lymph nodes (Wu et al., 2000). After initial replication in the skin and draining '
lymph nodes, 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 primary target of
dengue virus. Protection against homotypic reinfection is complete and probably lifelong,
but cross-protection between dengue types lasts less than 12 weeks (Sabin, 1952).
Consequently a subject can experience a second infection with a different serotype. A
second dengue infection is a theoretical risk factor of developing severe dengue
disease. However, DHF is multifactorial including: the strain of the virus involved, as well
as the age, immune status, and genetic predisposition of the patient. Two factors play a
major role in the occurrence of DHF: a rapid viral replication with high viremia (the
severity of the disease being related to the level of viremia (Vaughn et al., 2000) and an
important inflammatory response with release of high levels of inflammatory mediators
(Rothman and Ennis, 1999).

There is no specific treatment against Dengue diseases. The management of DF
is supportive with bed rest, control of fever and pain with antipyretics and analgesics,
and adequate fluid intake. The treatment of DHF needs correction of fluid loss,

replacement of coagulation factors, and infusion of heparin.
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Preventive measures presently rely on vector control and personal protection
measures, which are difficult to enforce and expensive. No vaccine againét dengue is
currently registered. Since the 4 serotypes of dengue are circulating worldwide and
since they are reported to be involved in cases of DHF, vaccination should ideally confer
protection against all 4 dengue virus serotypes.

Live attenuated vaccines (LAVSs), which reproduce natural immunity, have been

used for the development of vaccines against many diseases, including some viruses

‘belonging to the same genus as dengue (examples of commercially available flavivirus

live-attenuated vaccines include yellow fever and Japanese encephalitis vaccines). The
advantages of live-attenuated virus vaccines are their capacity of replication and
induction of both humoral and cellular immune responses. In addi’tion, the immune
response induced by a whole virion vaccine against the different components of the
virus (structural and non-structural proteins) reproduced those induced by natural
infection.

A dengue vaccine project was initiated in Thailand at the Centre for Vaccine
Development, Institute of Sciences and Technology for Development Mahidol University.
Candidate live-attenuated vaccines were successfully developed, at a laboratory scale,
for dengue serotype 1 (strain 16007, passage 13), serotype 2 (strain 16681, passage 53
= L AV2), and serotype 4 (strain 1036, passage 48) viruses in Primary Dog Kidney (PDK)
Celis, and for serotype 3 (strain 16562) in Primary Green Monkey Kidney (PGMK) cells
(passage 30) and Fetal Rhesus Lung (FRhL) cells (passage 3). These vaccines have
been tested as monovalent (single sérotype), bivalent (two serotypes), trivalent (three
serotypes), and tetravalent (all four serotypes) vaccines in Thai volunteers. Those
vaccines were found to be safe and immunogenic in children and in adults (Gubler,
1997). These LAV 1-4 strains have been described in EP 1159968 in the name of the
Mahidol University and were deposited before the CNCM (CNCM 1-2480; CNCM 1-2481;
CNCM 1-2482 and CNCM [-2483 respecitively).

The Den-2 strain 16681 was recovered from serum of a DHF (Dengue
Hemorrhagic Fever) patient in Bangkok in 1964 (Halstead ef al., 1970). The original
viremic serum had been passaged 4 times on BSC-1 cells (African Green Monkey
kidney cells) and 5 times on continuous LLC-MK; cells (Rhesus Monkey kidney cells). In
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1977, the virus was passaged once in vivo, in susceptible monkeys (Macaca Mulalta),
in LLC-MK, cells.
(Toxorhynchites amboinensis) were conducted in 1980. Virus atfenuation was

Two additional passages in mosquitoes
performed by passages at 32°C on PDK cells (Primary Dog Kidney cells). Attenuation of
the strain was checked according to several in vitro and in vivo markers. Passage 50
fullfilled all these attenuation criteria and was chosen as master seed for vaccine
production (1982), at passage 53. DEN-2 PDK53 vaccine candidate was evaluated in
humans and found to be strongly immunogenic with no untoward clinical signs  and
symptoms (Bhamarapravati et al., 1989).

The complete sequence of the Dengue 2 Live-Attenuated Virus strain (LAVZ2) was
established by R. Kinney et al. (CDC, Fort Collins) in 2001. Sequence differences
between parent DEN-2 strain 16681 (SEQ ID No.3) and LAV2 (SEQ ID No.38) strain are
described in Table 1. Thus, genetic comparison of the wild-type virus strain 16681 and

LAV2 strain showed a set of 9 point mutations which could be linked to LAVZ2

attenuation.
Table 1: DEN-2 16681 and DEN-2 16681/PDK53 (LAV2) Sequence
Differences
coordinates LAV2 16681
Gene-aa position Nt Aa nt aa

Non coding Nt-57 T . C -
Prvi-29 Ni-524 T Val A Asp
£-373 Nt-2055 T Phe C Phe
NS1-53 Nt-2579 A Asp G Gly
NS2A-181 Nt-4018 T Phe C Leu
NS3-250 Nt-5270 AlT Val/Glu A Glu
NS3-342 Nt-5547 C Arg T Arg
NS4A-75 Nt-6599 C Ala G Gly
NS5-334 Nt-8571 T Val C Val

Nucleotide changes modifying the corresponding codon are indicated in bold.

The LAV2 strain which was initially established in 1983 was further rapidly
identified as potential vaccine candidate (Bhamarapravati and Yoksan, 1997).

However, at that time, transmission to humans of Spongiform Encephalitis
through mammalian cultures was not perceived as a risk and the virus was routinely
maintained in Primary Dog Kidney cells (PDK). Furthermore, this LAV2 strain
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corresponds to a heterogeneous population. This heterogeneity represents an additional
risk due fo a potential in vitro or in vivo selection of one of the strain present in the

composition.

In view of these increasing concerns, the Applicant decided to set up a
sanitization process in order to get rid of any such risks. By transfecting Vero cells with
the purified genomic RNA of LAV2, followed by three cycles of amplification in Vero
cells, and two successive steps of virus plaque purification the Applicant produced a

new Vero-Derived serotype 2 virus (VDV2).

This new VDV?2 strain which has been thus derived by transfer to VERO cells and
biological cloning differs from the LAV2 strain by sequence, an homogenous plague size
and temperature sensitivity but importantly has conserved some phenotypic and
genotypic features of the LAV2 such as e.g. attenuation spots, small plaque phenotype,
growth restriction at high temperature and has conserved the immunogenic features of
the LAVZ strains. These features make this new strain a valuable vaccine candidate for

prophylactic immunization in humans.

The present invention is directed to a live attenuated dengue-2 virus strain which
comprises sequence SEQ ID No. 38 wherein at least nucleotides at positions 736,
1619, 4723, 5062, 9191, 10063, and 10507, are mutated. with the proviso that the
following nucleotides are not mutated : 57, 524, 2055, 2579, 4018, 5547. 6599 and
8571, wherein said live attenuated dengue-2 virus strain is adapted for growth in

VERO cells and induces a specific humoral immune response Including neutralizing
antibodies in primate.

The present invention is also directed to an immunogenic composition comprising
the live attenuated dengue-2 virus strain as defined herein in a pharmaceutially

acceptable carrier.

The present invention is also directed to an isolated nucleic acid which comprises

the DNA sequence SEQ ID No. 1 or its equivalent RNA sequence.
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The present invention is also directed to an isolated polyprotein encoded by SEQ ID
No. 1 or fragments thereof of at least 8 amino acids that comprise at least an
arginine at position 9 of M protein, and/or a glutamic acid at position 228 of E
protein, and/or threonine at position 69 of NS3 protein, and/or a histidine at position
181 of NS3 protein, and/or a lysine at position 541 of NS5 protein, and/or a
threonine at position 832 of NS5 protein, wherein said polyprotein or said fragments
thereof induce a specific humoral immune response including neutralizing

antibodies in primate.

The present invention is also directed to a fragment of the polyprotein as defined
herein which comprises M protein, and/or E protein, and/or NS3 protein and/or NS5

protein.

The present invention is also directed to a dengue-2 virus strain encoded by SEQ ID
NO : 1.

Definitions

“Dengue viruses’ are positive-sense, single-stranded RNA viruses belonging to
the Flavivirus genus of the flaviridae family. In the case of dengue serotype 2 (DEN-2)
strain 16681, the entire sequence is 10723 nucleotides Iong (SEQ ID No.3). The RNA
genome contains a type | cap at the 5'-end but lacks a 3'-end poly (A)-tail. The gene
orga‘nization is 5-noncoding region (NCR), structural protein (capsid (C),
premembrane/membrane (prM/M), envelope (E)) and non structural protein (NS1-NS2A-
NS2B-NS3-NS4A-NS4B-NS5) and 3’ NCR. The viral RNA genome is associated with
the C proteins to form nucleocapsid (icosahedral symmetry). As with other flaviviruses,
the DEN viral genome encodes the uninterrupted open reading frame (ORF) which is

translated {o a single polyprotein.

Serial passaging of a virulent (disease-causing) strain of dengue-2 results in the
isolation of modified virus which are “live attenuated”, i.e., infectious, yet not capable of
causing disease. These modified viruses are usually tested in monkeys to evaluate their
attenuation. However, Humans are the only primates that exhibit signs of clinical
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disease. The viruses that cause mild (i.e. acceptable in terms of regulatory purposes as
presenting a positive benefit/risk ratio) to low or no secondary effects (i.e. systemic
events and/or biological abnormalities and/or local reactions) in the majority of the tested
humans but still infect and induce an immune response are called “live attenuated”.

The term “LAV" denotes live attenuated Dengue viral strains. In the context of the
invention "LAVS” are live attenuated strains initially derived from the Dengue serotype 2
(DEN-2) strain 16681 by passages in Primary Dog Kidney (PDK) Cells. For instance
‘LAV2/PDKS3" Is the attenuated strain established after 53 passages of strain 16681 in

PDK cells (DEN-2 16681/PDK53). “LAV2/PDK50" is the attenuated strain established

after 50 passages of strain 16681 in PDK cells (DEN-2 16681/PDK50). LAV2/PDK53
nucleotide sequence is shown in SEQ ID No.38.

“VDV2” is meant a LAV obtainable by the sanitization process disclosed in the
present application. A VDV2 is thus a biological clone (homogeneous) VERO- adapted
Dengue serotype 2 virus capable of Inducing a specific humoral immune response
including neutralizing antibodies in primate especially in humans. The VDV2 strains of
the invention can be easily reconstructed starting directly from the Here disclosed VDV2
sequences. The induction of a specific humoral immune response can be easily
determined by an ELISA assay. The presence of neutralising antibody in the serum of a
vaccinee Is evaluated by the plaque reduction neutralization test as described in section
4.1.1.2.2. A serum is considered to be positive for the presence of neutralizing
antibodies when the neutralizing antibody titer thus determined is at least superior or
equal to 1:10.

The terms "mutation” means any detectable change in genetic material, e.g.
DNA, RNA, cDNA, or any process, mechanism, or result of such a change. Mutations
include substitution of one or more nucleotides. In the context of the instant application,
mutations identified in dengue-2 virus genomic sequence or polyprotein are designated
pursuant fo the nomenclature of Dunnen and Antonarakis (2000). As defined by Dunnen
and Antonarakis at the nucleic acid level, substitutions are designated by “>", e.g.
"31A>G" denotes that at nucleotide 31 of the reference sequence a A is changed to a G.

Variations at the protein level describe the consequence of the mutation and are

reported as follows. Stop codons are designated by X (e.g. R97X denotes a change of
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Arg96 to a termination codon). Amino acid substitutions a designated for instant by

"S9G”, which means that Ser in position 9 is replaced by Gly.

VERO-Derived Dengue serotype 2 viruses (VDV?2)
The composition of the previously developed dengue-2 vaccine candidate LAV2
was improved by a sanitization process.
The VERO-Derived Vaccine Dengue serotype 2 (VDV2) disclosed herein uses
the DEN-2 16681 virus attenuated by serial passages on PDK cells. VDV2 contains the

genomic sequence of the whole live-attenuated DEN-2 virus, and bears the same

~attenuation spots which have been linked to attenuation as the original LAV2 strain that

was tested in humans.

Sanitization of the LAV2 vaccine was performed by removing proteins and
introducing only purified viral genomic material into Vero cells. More specifically,
sanitization of the strain was performed by purifying and transfecting viral RNA into Vero
cells. The process comprises the following steps: |

a) extracting and purifying viral RNA from plaque-purified LVA2 strain, e.g. DEN-2
16681/PDK50 viruses; '

b) advantageously associating of the purified RNA with cationic lipids:

c) transfecting Vero cell, in particular Vero cell LS10:

d) recovering of the neo-synthesized virus: and

e) purifying a VDV strain by plaque purification and optionally amplifying it in host
cells, especially Vero cells.

The Vero cell technology is a well-known technology which has been used for
different commercial products (injectable and oral polio vaccines, rabies vaccine). In the
present Invention qualified Vero cells were advantageously used to guarantee the
absence of any risks potentially linked to the presence of adventitious agents. By
‘qualified VERO cells” is meant cells or cell lines for which culture conditions are known
and Is such that the said cells are free from any adventitious agents. These include e.g.
the VERO cell LS10 of Sanofi Pasteur.

The thus isolated VDV strains are classically stored either in the form of a freezed

composition or in the form of a lyophilised product. For that purpose, the VDV can be
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mixed with a diluent classically a buffered aqueous solution comprising cryoprotective
compounds such a sugar alcohol and stabilizer. The pH before freezing or lyophilisation
is advantageously settled in the range of 6 to 9, e.g. around 7 such as a pH of 7.5 +/-0.2
as determined by a pH meter at RT. Before use, the lyophilised product is mixed with a
pharmaceutically diluent or excipient such as a sterile NaCl 4%. solution to reconstitute
a liquid immunogenic composition or vaccine.

The Glu variant of LAV2 vaccine strain, at position NS3-250, was selected during
transfection and cloning, and positions 5'NC-57 and NS1-53, also identified as critical for
attenuation of LAV2 vaccine, were both conserved in VDV2 sequence.

Sequencing, at attenuation-specific loci, of virus recovered after transfection, did
not reveal any mutation, compared to SEQ ID No.38. The biologically cloned VDV2 virus
exhibits a homogenous plague phenotype and a remarkabie genetic stability with regard
to its LAV2 parent as it can be deduced especially from the conservation of the
attenuation genotype.

VDV2 (passage 11) strain was sequenced and compared with the serotype 2
Dengue Live Attenuated Virus (LAV2) strain sequence (SEQ ID No.38). A set of 10
nucleotide differences was identified, triggering six amino acid substifutions located in M
and Env structural peptides, and also in non-structural peptides NS3 and NS5. None of

these. differences corresponds to any of the LAV2 attenuation positions.

Table 2: Sequence comparison between LAV2Z2/PDK53 and VDVZ2 passage 11

strains.

Nucleotides Amino acids
Position LAVZ VDV2 Region Position LAV2
738 G 9 9 G
1819 G E 228 G
1638 A E 234 K
2520 G NS1 33 K
4723 T NS3 69 S
5062 G NS3 181 D
9191 G NS5 541 R
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Nucleotides Amino acids
Position LAV?2 VDV2 Region Position LAVZ2 VDV?2
0222 A G NS5 551 E E
10063 T A NS5 832 S T
10507 A G 3’ nc - - -

Grey shading: differences in structural proteins; Bold characters: differences in

non-structural proteins.

The invention thus provides for live attenuated dengue-2 virus strains that have
been obtained from the wild type virus DEN-2 16681 attenuated by serial passages on
PDK cells and then by sanitization on VERO celis. In particular the attenuated strains of
the . invention comprise at least the identified sequence mutations (non-silent and
optionally silent) relative to the nucleotide sequence or polyprotein sequence of the wild-
type DEN-2 16681 and LAV2/PDK53 strains.

Accordingly, the invention relates to an isolated live attenuated dengue-2 virus
strain which comprises, or consists of, the sequence of LAV2/PDK53 strain (SEQ D
No.38) wherein at least nucleotides at positions 736, 1619, 4723, 5062, 9191, 10063,
and 10507, and optionally 1638, 2520, 9222, and 10361, are mutated, with the proviso
that the following nucleotides are not mutated: 57, 524, 2055, 2579, 4018, 5547, 6599,
and 8571. Preferably, the mutations are substitutions. Preferably, the nucleotide at
position 736 is C, the nucleotide at position 1619 is A, the nucleotide at position 4723 is
A, the nucleotide at position 5062 is A, the nucleotide at position 9191 is A, the
nucleotide at position 10063 A, and the nucleotide at position 10507 is G.

The nucleotide at position 5270 may be A or T, preferably A.

Still preferably, the isolated strain according to the invention comprises the
sequence SEQ ID No.38 wherein said sequence comprises at least the mutations 736
G>C, 1619 G>A, 4723 T>A, 5062 G>C, 9191 G>A, 10063 T>A, and 10507 A>G, and
optionally the mutation 1638 A>G, 2520 G>A, and/or 9222 A>G.

Hence, a live attenuated dengue-2 virus strain according to the invention may
comprise, or consist of, the sequence of wild-type dengue-2 strain 16681 (SEQ ID No.3)
wherein said sequence comprises at least the mutations 57 C>T, 524 A>T, 736 G>C,




10

15

20

25

30

CA 02611954 2007-12-12

WO 2006/134443 PCT/IB2006/001513
10

1619 G>A, 2055 C>T, 2579 G>A, 4018 C>T, 4723 T>A, 5062 G>C, 5547 T>C, 6599
G>C, 8571 C>T, 9191 G>A, 10063 T>A, and 10507 A>G. Preferably, a live attenuated
sirain according to the invention further comprises the mutation 1638 A>G, 2520 G>A,
and/or 9222 A>G by reference to the nucleotide sequence of wild-type strain 16681
(SEQ ID No.3).

The live attenuated dengue-2 virus strains according to the invention may include
variant strains that comprise a sequence SEQ ID No.38 mutated at positions 736, 1619,
4723, 5062, 9191, 10063, and 10507, as defined above, and that further comprise a
substitution of one or more nucleotides in a given codon position that results in no
alteration in the amino acid encoded at that position.

Advantageously, the live attenuated dengue-2 virus strain according to the
invention comprises a sequence which differs by a limited number of mutations, e.g. no
more than 5, still preferably no more than 2, from SEQ ID No.1.

Preferably, the genomic sequence of a dengue-2 virus strain according to the
invention consists of the nucleotide sequence SEQ ID No.1.

The invention also relates to live attenuated dengue-2 strains that may be derived
from the VDV2 strain of sequence SEQ ID No.1 by further passages on cells, in
particular Vero celis.

The invention also relates to an isolated nucleic acid which comprises, or consists
of, the DNA sequence SEQ ID No.1 or its equivalent RNA sequence.

A "nucleic acid molecule” refers to the phosphate ester polymeric form of
ribonucleosides (adenosine, guanosine, uridine or cytidine; "RNA molecules") or
deoxyribonucleosides  (deoxyadenosine, deoxyguanosine, deoxythymidine, or
deoxycytidine; "DNA molecules"), or any phosphoester analogs thereof, such as
phosphorothioates and thioesters, in either single stranded form, or a double-stranded
helix.

As used herein, by RNA sequence “equivalent” to SEQ ID No.1 is meant a
sequence SEQ ID No.1 wherein deoxythymidines have been replaced by uridines. As
SEQ ID No.1 constitutes VDV2 cDNA sequence, the equivalent RNA sequence thus
corresponds to the posiﬁve strand RNA of VDV2.
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The invention further relates to the polyprotein of sequence SEQ ID No.2 and to
fragments thereof. SEQ ID No.2 is the sequence of the polyprotein encoded by SEQ ID
NO.1

A “fragment” of a reference protein is meant a polypeptide which sequence
comprises a chain of consecutive amino acids of the reference protein. A fragment may
be at least 8, at least 12, at least 20, amino acid long.

Said fragments of the polyprotein of sequence SEQ ID No.2 comprise at least an
arginine at position 9 of M protein (position 214 of SEQ ID No.2), and/or a glutamic acid
at position 228 of E protein (position 508 of SEQ 1D No.2), and/or a threonine at position
69 of NS3 protein (position 1543 of SEQ ID No.2), and/or a histidine at position 181 of
NS3 protein (position 1656 of SEQ ID No.2), and/or a lysine at position 541 of NS5
protein (position 1725 of SEQ ID No.2), and/or a threonine at position 832 of NS5
protein (position 3032 of SEQ ID No.2).

According to an embodiment the fragment of the polyprotein encoded by SEQ ID
No.1 is or comprises M protein, and/or E protein, and/or NS3 protein and/or NS5 protein.

Immunogenic and vaccine compositions

The invention also relates to an immunogenic composition, suitable to be used as
a vaccine, which comprises a VDV2 strain according to the invention.

The immunogenic compositions according to the invention elicit a specific
humoral immune response toward the dengue virus comprising neutralizing antibodies.

Preferably, the immunogenic composition is a vaccine.

According to an embodiment, the immunogenic is a monovalent compaosition, i.e.
it elicits en immune response and/or confers protection against Dengue-2 virus only.

According to another embodiment, the invention relates to a multivalent dengue
Immunogenic composition. Such a multivalent immunogenic composition or vaccine may
be obtained by combining individual monovalent dengue vaccines. The immunogenic or
vaccine composition may further comprise at least a live attenuated dengue virus of
another serotype. In particular, the immunogenic or vaccine composition may comprise
a VDV2 according to the invention in combination with at least a live attenuated dengue

virus selected from the group consisting of serotype 1, serotype 3, and serotype 4.
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Preferably, the iImmunogenic or vaccine composition may be a tetravalent dengue
vaccine composition, i.e. a vaccine composition that comprises a VDV2 according to the
invention In combination with a live attenuated dengue-1 virus strain, a live attenuated
dengue-3 virus strain and a live attenuated dengue-4 virus strain.

Live attenuated dengue-1, dengue-3 and dengue-4 virus strains have been
described previously. Reference may be made fo the live-attenuated vaccines that were
developed by Mahidol University by passaging dengue serotype 1 (strain 16007,
passage 13; LAV1), and serotype 4 (strain 1036, passage 48, LAV4) viruses in Primary
Dog Kidney (PDK) Celis, and for serotype 3 (strain 16562) in Primary Green Monkey
Kidney (PGMK) cells (passage 30) and Fetal Rhesus Lung (FRhL) cells (passage 3)
(LAV3). The nucleotide sequences of LAV1 (SEQ ID No.40), LAV3 (SEQ ID No.41), and
LAV4 (SEQ ID No.42) are shown in the annexed sequence listing.

Advantageously, a live attenuated dengue-1 strain may correspond to a VDV1
strain which has been obtained from the LAV1 strain developed by Mahidol by the
process of sanitization according {o the invention. In particular a live attenuated dengue-
1 strain (VDV1) may comprise, and advantageously consists of the sequence SEQ ID
No.39.

Immunogenic compositions including vaccines may be prepared as injectables
which can correspond to liquid solutions, suspensions or emulsions. The active
Immunogenic ingredients may be mixed with pharmaceutically acceptable excipients

which are compatible therewith.

The immunogenic compositions or vaccines according to the present invention
may be prepared using any conventional method known to those skilled in the art.
Conventionally the antigens according to the invention are mixed with a
pharmaceutically acceptable diluent or excipient, such as water or phosphate buffered
saline solution, wetting agents, fillers, emuisifier stabilizer. The excipient or diluent will
be selected as a function of the pharmaceutical form chosen, of the method and route of
administration and also of pharmaceutical practice. Suitable excipients or diluents and
also the requirements In terms of pharmaceutical formulation, are described in

Remington’s Pharmaceutical Sciences, which represents a reference book in this field.
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Preferably, the immunogenic composition or vaccine corresponds to an injectable
composition comprising an aqueous buffered solution to maintain e.g. a pH (as
determined at RT with a pH meter) in the range of 6 to 9.

The composition according to the invention may further comprise an adjuvant, i.e.
a substance which improves, or enhances, the immune response elicited by the VDV2
strain. Any pharmaceutically acceptable adjuvant or mixture of adjuvants conventionally
used in the fielc] of human vaccines may be used for this purpose.

The immunogenic compositions or vaccines according to the invention may be

administered by any conventional route usually used in the field of human vaccines,

such as the parenteral (e.g. intradermal, subcutaneous, intramuscular) route In the
context of the present invention immunogenic compositions or vaccines are preferably

injectable compositions administered subcutaneously in the deltoid region.

Method for immmunizing

The invention further provides for a method of immunizing a host in need thereof
against a dengue infection which comprises administering the host with an
immunoeffective amount of a vaccine composition according to the invention.

A "host in need thereof’ denotes a person at risk for dengue infection, i.e.
individuals travelling {o regions where dengue virus infection is present, and also
iInhabitants of those regions.

The route of administration is any conventional route used in the vaccine field.
The choice of administration route depends on the formulation that is selected.
Preferably, the immunogenic compaosition or vaccine corresponds to an injectable
composition administered via subcutaneous route, advantageously in the deltoid region.

The amount of LAV or VDV, in particular VDV2, in the immunogenic compositions
or vaccines may be conveniently expressed in viral plague forming unit (PFU) unit or
Cell Culture Infectious Dose 50% (CCIDso) dosage form and prepared by using
conventional pharmaceutical techniques. For instance, the composition according to the
invention may be prepared in dosage form containing 10 to 10° CCIDsg, or 10° to 10°
CCIiDsg of LAV or VDV for instance a dose of 4 + 0.5 logyg CCIDsg of VDV2 strain for a
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monovalent composition. Where thé composition is muitivalent, to reduce the possibility
of viral interference and thus to achieve a balanced immune response (l.e. an immune
response against all the serotype contained in the composition), the amounts of each of
the different dengue serotypes present in the administered vaccines may not be equal.

An ‘“immunoeffective amount’ is an amount which is capable of inducing a
specific humoral immune response comprising neutralising antibodies in the serum of a
vaccinee, as evaluated by the plague reduction neutralization test as described In
section 4.1.1.2.2: a serum being considered to be positive for the presence of
neutralizing antibodies when the neutralizing antibody titer thus determined is at least
superior or equal to 1:10.

The volume of administration may vary depending on the route of administration.
Subcutaneous injections may range in volume from about 0.1 ml to 1.0 ml, preferably
0.5 mi.

The optimal time for administration of the composition is about one to three
months before the initial exposure to the dengue virus. The vaccines of the invention
can be administered as prophylactic agents in adults or children at risk of Dengue
infection. The targeted population thus encompasses persons which are naive as well
as well as non-naive with regards to dengue virus. The vaccines of the invention can be
administered in a single dose or, optionally, administration can involve the use of a
priming dose followed by a booster dose that is administered, e.g. 2-6 months later, as _

determined to be appropriate by those of skill in the art.

The invention will be further described in view of the following figures and

examples.

FIGURES

Figure 1 is a summary of History of VDV2 seed.
Figure 2 is a flow chart that summarises the developed manutacturing process

that gives rise to the Filled Product (monovalent), “ready to use” doses.
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Figure 3 is a diagrammatic representation of VDV2 genome map. The above
arrow Is the polyprotein coding sequence. The below arrows represent mature peptides
coding sequence. The vertical bars symbolize the nucleotidic variations between wild-
type dengue 2 strain 16681 and LAV2 strain. The stars designate the nucleotidic
variations between LAV2 and VDV2.

Figure 4 shows plague size anélysis after 7 days of incubation at 37°C for
dengue-1 viruses LAV2, VDVZ2, and strain 16681.

Figure 5 is a graphic analysis showing plaque size distribution for dengue-2
viruses LAV2, VDV2, and strain 16681.

Figure 6 Is a summary of Trial Design for assessment of safety of VDV2

monovalent in healthy flavivirus-naive adults.

EXAMPLES
Example 1: SANITIZATION

1.1  Viral RNA purification

The RNA purification and transfection process was performed as follows. DEN-
2/IPDK50 suspension was resuspended in 0.5 ml of water and diluted in order to contain
at least 3 x 10* and up to 3 x 10" TCIDs, or PFU of virus per milliliter. One unit of
benzonase diluted in 0.01 ml of William’s medium was added to 0.5 mi of virus, in order
to digest DNA or RNA molecules from cellular origin, and the solution was incubated for

2 hours at 4°C on an agitator. At the end of incubation step, 0.65 ml of a denaturing
buffer containing guanidium chloride, detergent (SDS), and Bmercaptoethanol (RTL-

Bmercaptoethanol buffer, provided in the kit RNeasy Mini kit, Qiagen Ref. 74104) were

added and proteins were extracted once with phenol/chloroform (1/1) vol/vol and once
with chloroform vol/vol, followed by centrifugation for 5 min at 14,000 rom at room
temperature. After each extraction, the aqueous phase was collected, taking care not to
collect material (white precipitate) at the interface, and transferred to a clean 1 mi-
Eppendorf tube. The RNA solution was then applied onto a QlAgen column following the
recommendations of the manufacturer (RNeasy minikit, QlIAgen), in order to remove

tfraces of solvent, and eluted with 0.06 ml of nuclease-free H20 water. The presence of
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viral RNA was confirmed by quantitative RT-PCR, using a reference curve established

with known quantities of virus, in TCIDse/mi.

1.2 Transfection of Vero cells with purified RNA

Transfection was performéd using lipofectamine (LF2000 Reagent, Life
Technologies), a mixture of cationic lipids that associate to RNA through charge
interactions and allows transfer of the complexes into the cytoplasm of the cells by
fusion with the cell membrane. The optimal quantity of LF2000 reagent was determinead
in a preliminary experiment by incubating Vero cells, plated 16 to 24 hours before (0.3~
0.5 x 10° cells per well in a 6 wells plate) with increasing doses (5 to 20 ul) of
lipofectamine. Cells were then incubating 4 to 5 hours at 32°C, 5% CO,, before
replacing the medium by fresh culture medium without FCS, and the incubation was
continued overnight at 32°C. Toxicity (round, refringent or floating cells, homogeneity of
the cell monolayer) was checked regularly for 48 hours, under an inverted microscope.
The highest dose of lipofectamine that was not toxic under these conditions was 10
and was chosen for RNA transfection.

Four transfections were carried out in parallel, using ¥4 of the RNA preparation
(about 2 X 10" log eqTClDsg, according to qRT-PCR). Twenty-five microliters of viral
RNA solution were diluted in 500 pl of OptiMEM medium (GIBCO) containing 15 ul of
LF2000 Reagent (a mixture of cationic lipids that associate to RNA through charge
interactions, and allow transfer of the complexes into the cytoplasm of the cells by fusion
with the cell membrane). 200 ng of yeast tRNA were added as carrier in 2 out of the 4
reactions.

The 4 transfection mixes were allowed to precipitate for 10 min at room
temperature before addition to 6-wells plates of confluent Vero cells, and incubation at
36°C. After four hours, transfection mix was removed and ceils were rinsed once In
PBS. Three milliliters of post-transfection medium (Williams, GIBCO) were added, and
incubation was continued for 5 days at 32°C. Culture medium was then replaced by 3 mi
of Dengue infection medium (Williams supplemented with 10 mM MgSQ,).

A focus of cells presenting typical cytopathic effects (round, refringent cells) was
detecied at day 8 post-transfection in 1 out of the 2 wells transfected in presence of



