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The invention relates to live attenuated VDV1 (VERO-De-
rived Dengue serotype 1 virus) strains which have been
derived from the wild-type dengue-1 strain 16007 by passag-
ing on PDK and sanitization on Vero cells and nucleic acids
thereof. The invention further relates to a vaccine composi-
tion which comprises a VDV 1 strain.
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DENGUE SEROTYPE 1 ATTENUATED
STRAIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a divisional of U.S. application
Ser. No. 11/449,876, filed Jun. 9, 2006, now U.S. Pat. No.
7,641,907, which claims the benefit of U.S. provisional appli-
cation 60/691,243, filed on Jun. 17,2005, incorporated herein
by reference.

The invention relates to new live attenuated VDV 1 (VERO-
Derived Dengue serotype 1 virus) strains which are derived
from the wild-type dengue-1 strain 16007 by passaging on
PDK and Vero cells, and sanitization. The invention further
relates to a vaccine composition which comprises such VDV1
strain.

Dengue diseases are caused by four closely related, but
antigenically distinct, virus serologic types (Gubler, 1988;
Kautner et al., 1997; Rigau-Pérez et al., 1998; Vaughn et al.,
1997), of the genus Flavivirus (Gubler, 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 is 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 illness (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 fre-
quent.

Dengue haemorrhagic fever (DHF) is a severe febrile dis-
ease characterised by abnormalities of homeostasis and
increased vascular permeability that can lead to hypovolemia
and hypotension (dengue shock syndrome, DSS) often com-
plicated by severe internal bleeding. The case fatality rate of
DHEF 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 more than 60 of these (Gubler,
2002; Monath, 1994). A number of well described factors
appear to be involved in dengue infections: population
growth, unplanned and uncontrolled urbanisation particu-
larly in association with poverty, increased air travel, lack of
effective mosquito control, and the deterioration of sanitary
and public health infrastructure (Gubler, 2002). The aware-
ness of dengue in travellers and expatriates is increasing
(Shirtcliffe et al., 1998). Dengue has proven to be a major
cause of febrile illness 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 aegypti, a domestic, day-biting mosquito that pre-
fers to feed on humans. Human infection is initiated by the
injection of virus during blood feeding by an infected Aedes
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aegypti mosquito. Salivary virus is deposited mainly in the
extravascular tissues. The primary cell subset infected after
inoculation is dendritic cells, which subsequently migrate to
draining lymph nodes (Wu et al., 2000). After initial replica-
tion 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 hep-
arin.

Preventive measures presently rely on vector control and
personal protection measures, which are difficult to enforce
and expensive. No vaccine against dengue is currently regis-
tered. Since the 4 serotypes of dengue are circulating world-
wide and since they are reported to be involved in cases of
DHE, vaccination should ideally confer protection against all
4 dengue virus serotypes.

Live attenuated vaccines (LLAVs), 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 avail-
able 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
addition, the immune response induced by a whole virion
vaccine against the different components of the virus (struc-
tural 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=LAV1), serotype 2 (strain 16681, passage 53), and sero-
type 4 (strain 1036, passage 48) viruses in Primary Dog
Kidney (PDK) Cells, and for serotype 3 (strain 16562) in
Primary Green Monkey Kidney (PGMK) cells (passage 30)
and Fetal Rhesus Lung (FRhL) cells (passage 3). These vac-
cines have been tested as monovalent (single serotype), biva-
lent (two serotypes), trivalent (three serotypes), and tetrava-
lent (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 Univer-
sity and were deposited before the CNCM (CNCM 1-2480;
CNCM 1-2481; CNCM 1-2482 and CNCM 1-2483 respec-
tively).
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The complete sequence of the Dengue 1 Live-Attenuated
Virus strain (LAV1) was established by R. Kinney et al.
(CDC, Fort Collins). Sequence differences between parent
DEN-1 strain 16007 (SEQ ID No.2) and LAV1 (SEQ ID
No.3) strain are described in Table 1. Thus, genetic compari-
son of the wild-type virus strain 16007 and LAV1 strain
showed a set of 14 point mutations which could be linked to
LAV1 attenuation.

TABLE 1
DEN-1 16007 and DEN-1 16007/PDK13 (LAV1) Sequence
Differences
LAV1 (DEN-1
Coordinates 16007/PDK13) 16007
Gene-aa position Nt aa nt aa
E-130 Nt-1323 C Ala T Val
E-203 Nt-1541 A Lys G Glu
Nt-1543 G A

E-204 Nt-1545 A Lys G Arg
E-211 Nt-1567 G Gln A Gln
E-225 Nt-1608 T Leu C Ser
E-477 Nt-2363 G Val A Met
NS1-92 Nt-2695 C Asp T Asp
NS1-121 Nt-2782 T Ala C Ala
NS$3-182 Nt-5063 A Lys G Glu
NS$3-510 Nt-6048 T Phe A Tyr
NS4A-144  Nt-6806 G Val A Met
NS4B-168  Nt-7330 G Gln A Gln
NS5-624 Nt-9445 T Ser C Ser

Nucleotide changes modifying the corresponding codon are indicated in bold.

The LLAV1 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 Spongi-
form Encephalitis through mammalian cultures was not per-
ceived as a risk and the virus was routinely maintained in
Primary Dog Kidney cells (PDK). Furthermore, this LAV1
strain corresponds to a heterogeneous population. This het-
erogeneity represents an additional risk due to a potential in
vitro or in vivo selection of one of the strain present in the
composition.

Inview of these increasing concerns, the Applicant decided
to set up a sanitization process in order to get rid of any such
risks. By first transferring the LAV 1 vaccine strain from PDK
to VERO cells and then transfecting Vero cells with the puri-
fied genomic RNA of LAV, followed by two successive
steps of virus plaque purification the Applicant produced a
new Vero-Derived serotype 1 virus (VDV1).

This new VDV1 strain which has been thus derived by
transfer to VERO cells and biological cloning differs from the
LAV1 strain by sequence, an homogenous plaque size and
temperature sensitivity but importantly has conserved some
phenotypic and genotypic features of the LAV1 such as e.g.
attenuation spots, small plaque phenotype, growth restriction
at high temperature, and has conserved the immunogenic
features of the LAV1 strains. These features make this new
strain a valuable vaccine candidate for prophylactic immuni-
zation in humans.

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 1 (DEN-1) strain
16007, the entire sequence is 10735 nucleotides long (SEQ
1D No.2). The RNA genome contains a type I cap atthe 5'-end
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but lacks a 3'-end poly (A)-tail. The gene organization is
S'-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
to a single polyprotein.

Serial passaging of a virulent (disease-causing) strain of
dengue-1 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 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 attenu-
ated strains initially derived from the Dengue serotype 1
(DEN-1) strain 16007 by passages, e.g. 10, 11, 12 or 13
passages, in Primary Dog

Kidney (PDK) Cells. For instance “LAV1/PDK13” is the
attenuated strain established after 13 passages of strain 16007
in PDK cells (also named DEN-1 16007/PDK13). LAV1/
PDK13 nucleotide sequence is shown in SEQ ID No.3.

“VDV1” is meant a LAV obtainable by the sanitization
process disclosed in the present application. A VDV1 is thus
a biological clone (homogeneous) VERO-adapted Dengue
serotype 1 virus capable of inducing a specific humoral
immune response including neutralizing antibodies in pri-
mate especially inhumans. The VDV strains of the invention
can be easily reconstructed starting directly from the here
disclosed VDV1 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 4.1.2.2. A serum is
considered to be positive for the presence of neutralizing
antibodies when the neutralizing antibody titer thus deter-
mined 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
substitutions of one or more nucleotides. In the context of the
instant application, mutations identified in dengue-1 virus
genomic sequence or polyprotein are designated pursuant to
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
toaG.

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 Arg96 to a
termination codon). Amino acid substitutions are designated
for instant by “S9G”, which means that Ser in position 9 is
replaced by Gly.

VERO-Derived Dengue Serotype 1 Viruses (VDV1)

The composition of the previously developed dengue-1
vaccine candidate LAV1 was improved by a sanitization pro-
cess.
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The VERO-Derived Dengue serotype 1 viruses (VDV1)
disclosed herein use the DEN-1 16007 virus attenuated by
serial passages on PDK cells. VDV1 contains the whole
genomic sequence of the live-attenuated DEN-1 virus, and
bears the same spots which have been linked to attenuation as
the original LAV strain that was tested in humans.

Sanitization of the LAV 1 vaccine candidate was performed
by removing proteins and introducing only purified viral
genomic material into Vero cells. More specifically, sanitiza-
tion of the strain was performed in 2 steps:

1) Amplification of DEN16007/PDK11 (LAV1/PDK11)
on Vero cells, at 32° C.

2) Purification and transfection of viral RNA into Vero
cells.

Step 1 has been carried out by one passage of LAV1/
PDK11 on Vero cells. For that purpose, Vero cells were
infected with LAV1/PDK11 at amoi 0of 0.01 and incubated at
32°C. for 5 days.

For step 2, advantage was taken of the fact that the viral
genome is an infectious RNA, which means that it is able,
when introduced into a cell, to reconstitute a complete infec-
tious virus. The second purification and transfection step thus
comprised the steps consisting of:

a) extracting and purifying viral RNA from plaque-purified
viruses;

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

¢) transfecting Vero cell, in particular Vero cell LS10;

d) recovering of the neo-synthesized viruses; 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 (in-
jectable 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 mixed
with a diluent classically a buffered aqueous solution com-
prising cryoprotective compounds such a sugar alcohol and
stabilizer. The pH before freezing or lyophilisation is advan-
tageously settled in the range of 6 to 9, e.g. around 7 such as
apH 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% o solution to
reconstitute a liquid immunogenic composition or vaccine.

Sequencing, at attenuation-specific loci, of virus recovered
after transfection, did not reveal any mutation, compared to
the LAV1/PDK13 strain. The biologically cloned VDV1 virus
exhibits a homogenous plaque phenotype and a remarkable
genetic stability with regard to its LAV1 parent as it can be
deduced especially from the conservation of the attenuation
genotype.

VDV1 strain was sequenced and compared with the sero-
type 1 Dengue Live Attenuated Virus (LAV1/PDK13) strain
sequence (SEQ ID No 3). A set of 3 nucleotide differences
was found with regard to the reference LAV1 sequence. One
of'them is silent at the amino acid level (position 2719). The
two others (positions 5962 and 7947) are located in non-
structural peptides coding sequences (NS3-481 and NS5-
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125, respectively). None of these differences corresponds to
any of the LAV attenuation positions.

The invention thus provides for live attenuated dengue-1
virus strains that have been obtained from the wild type virus
DEN-1 16007 attenuated by serial passages on PDK cells and
then by passage and sanitization on VERO cells. 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-1 16007 and LAV1/PDK13
strains.

Accordingly, the invention relates to an isolated live
attenuated dengue-1 virus strain which comprises, or consists
of, the sequence of LAV1/PDKI13 strain (SEQ ID No.3)
wherein at least nucleotides at positions 5962 and 7947, and
optionally 2719, are mutated, with the proviso that the fol-
lowing nucleotides are not mutated: 1323, 1541, 1543, 1545,
1567, 1608, 2363, 2695, 2782, 5063, 6048, 6806, 7330, and
9445. Preferably, the mutations are substitutions. Preferably,
the nucleotide at position 5962 is A, the nucleotide at position
7947 is G. Still preferably, the isolated strain according to the
invention contains sequence SEQ ID No.3 which comprises
the mutations 2719 G>A, 5962 C>A, and 7947 A>G.

Hence, a live attenuated dengue-1 virus strain according to
the invention comprises the sequence of wild-type dengue-1
strain 16007 (SEQ ID No.2) wherein said sequence com-
prises at least the mutations 1323 T>C, 1541 G>A, 1543
A>G, 1545 G>A, 1567 A>G, 1608 C>T, 2363 A>G, 2695
T>C, 2782 C>T, 5063 G>A , 5962 C>A, 6048 A>T, 6806
A>G, 7330A>G, 7947 A>G, and 9445 C>T. Preferably, alive
attenuated strain according to the invention further comprises
the mutation 2719 G>A by reference to the nucleotide
sequence of wild-type strain 16007 (SEQ ID No.2).

The live attenuated dengue-1 virus strains according to the
invention encompass variant strains that comprise a sequence
SEQ ID No.3 mutated in positions 5962 and 7947, as defined
above, and that further comprise a substitution of one or more
nucleotides in a given codon position that results in no alter-
ation in the amino acid encoded at that position.

Advantageously, the live attenuated dengue-1 virus strain
according to the invention comprises a sequence which dif-
fers 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-1 virus
strain according to the invention consists of the nucleotide
sequence SEQ 1D No.1.

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

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 deoxyribonucleo-
sides (deoxyadenosine, deoxyguanosine, deoxythymidine, or
deoxycytidine; “DNA molecules™), or any phosphoester ana-
logs 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 deoxythy-
midines have been replaced by uridines. As SEQ ID No.1
constitutes VDV1 c¢DNA sequence, the equivalent RNA
sequence thus corresponds to the positive strand RNA of
VDV1.
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The invention further relates to the polyprotein of sequence
SEQ ID No.41 and to fragments thereof. SEQ ID No.41 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.41 comprise at least a lysine at position 481 of NS3
protein (position 1956 of SEQ ID No.41), and/or an arginine
at position 125 of NS5 protein (position 2618 of SEQ ID
No.41).

According to an embodiment the fragment of the polypro-
tein encoded by SEQ ID No.1 is or comprises 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 VDV1
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 composition, i.e. it elicits a specific immune
response and/or confers protection against Dengue-1 virus
only.

According to another embodiment, the invention relates to
amultivalent dengue immunogenic composition. Such a mul-
tivalent immunogenic composition or vaccine may be
obtained by combining individual monovalent dengue vac-
cines. The immunogenic or vaccine composition may further
comprise at least a live attenuated dengue virus of another
serotype. In particular, the immunogenic or vaccine compo-
sition may comprise a VDV1 according to the invention in
combination with at least a live attenuated dengue virus
selected from the group consisting of serotype 2, serotype 3,
and serotype 4.

Preferably, the immunogenic or vaccine composition may
be a tetravalent dengue vaccine composition, i.e. a vaccine
composition that comprises a VDV 1 according to the inven-
tion in combination with a live attenuated dengue-2 virus
strain, a live attenuated dengue-3 virus strain and a live
attenuated dengue-4 virus strain.

Live attenuated dengue-2, dengue-3 and dengue-4 virus
strains have been described previously. Reference may be
made to the live-attenuated vaccines that were developed by
Mahidol University by passaging dengue serotype 2 (strain
16681, passage 53; LAV2), and serotype 4 (strain 1036, pas-
sage 48, LAV4) viruses in Primary Dog Kidney (PDK) Cells,
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 LAV2 (SEQIDNo.42), LAV3 (SEQID No.43), and LAV4
(SEQ ID No.44) are shown in the annexed sequence listing.

Advantageously, a live attenuated dengue-2 strain may
correspond to a VDV2 strain which has been obtained from
the LAV2 strain developed by Mahidol by a process of sani-
tization on Vero cells. In particular a live attenuated dengue-2
strain (VDV2) may comprise, and advantageously consists of
the sequence SEQ ID No.40.

Immunogenic compositions including vaccines may be
prepared as injectables which can correspond to liquid solu-
tions, suspensions or emulsions. The active immunogenic
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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 pharma-
ceutically acceptable diluent or excipient, such as water or
phosphate buffered saline solution, wetting agents, fillers,
emulsifier 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 pharmaceuti-
cal 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.

Preferably, the immunogenic composition or vaccine cor-
responds 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 VDV1 strain.
Any pharmaceutically acceptable adjuvant or mixture of
adjuvants conventionally used in the field 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 composi-
tions administered subcutaneously in the deltoid region.

Method for Immunizing

The invention further provides for a method of immunizing
a host in need thereof against a dengue infection which com-
prises administering the host with an immunoeffective
amount of an immunogenic composition or a vaccine accord-
ing to the invention.

A “host in need thereof” denotes a person at risk for dengue
infection, i.e. individuals travelling to regions where dengue
virus infection is present, and also inhabitants 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 composition or vaccine corresponds to an
injectable composition administered via subcutaneous route,
advantageously in the deltoid region.

The amount of LAV or VDV in particular VDV1 in the
immunogenic compositions or vaccines may be conveniently
expressed in viral plaque forming unit (PFU) unit or Cell
Culture Infectious Dose 50% (CCIDs,) 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° CCIDs,, or
from 10° to 10° CCIDs, of LAV or VDV, for instance 4+0.5
log;, CCID5, of VDV1 strain for a monovalent composition.
Where the composition is multivalent, to reduce the possibil-
ity of viral interference and thus to achieve a balanced
immune response (i.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
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comprising neutralising antibodies in the serum of a vaccinee,
as evaluated by the plaque reduction neutralization test as
described in section 4.1.2.2; 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 ml.

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 adminis-
tered 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

FIG. 1 is a summary of History of VDV 1 pre-master seed.

FIG. 2 is a flow chart that summarises the developed manu-
facturing process that gives rise to the Filled Product
(monovalent), “ready to use” doses.

FIG. 3 is a diagrammatic representation of VDV 1 genome
map. The above arrow is the polyprotein coding sequence.
The below arrows represent mature peptides coding
sequence. The vertical bars symbolize the nucleotidic varia-
tions between wild-type dengue 1 strain16007 and LAV1
strain. The stars designate the nucleotidic variations between
LAV] and VDV1.

FIG. 4 shows plaque size analysis after 7 days of incubation
at 37° C. for dengue-1 viruses LAV1, VDV1, and strain
16007.

FIG. 5 is a graphic analysis showing plaque size distribu-
tion for dengue-1 viruses LAV1, VDV1, and strain 16007.

FIG. 6 is a summary of Trial Design for assessment of
safety of VDV1 monovalent in healthy flavivirus-naive
adults.

EXAMPLES
Example 1
Sanitization

1.1 Viral RNA Purification

It was initialy intended to perform sanitization of LAV1 by
puritying and transfecting viral RNA directly extracted from
an early seed of the vaccine strain, DEN-16007/PDK10 or
DEN-16007/PDK11 (produced by Sanofi Pasteur. Titer: 4.60
logTCID;/ml). Eight unsuccessful assays were carried out in
that way, with RNA quantities varying from 10° to 107 copies.
It was then decided to perform one adaptation passage on
Vero cells, before RNA extraction and transfection.

Vero cells (VERO LS10 p142 to145) were infected with a
sample of the master seed DEN-1/PDK11, at m.0.1 0.01, and
incubated at 32° C. for 5 days. Culture medium was then
replaced by infection medium (containing 10 mM MgSO,,).
Clear cytopathic effects were visible the following day, and
presence of viral RNA in culture supernatant was confirmed
by RT-PCR. Culture medium was collected at day 8 post-
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infection, diluted with an equivalent volume of an aqueous
buffered solution comprising cryoprotective agents (pH=7.5)
and kept frozen at =70° C. until use. This Vero-amplified virus
was named DEN-1/V100. Its infectious titer was determined
on Vero cells and was of 6.9 logTCID;/ml.

The RNA purification and transfection process was per-
formed as follows. DEN-1 V100 suspension was diluted in
order to contain at least 3x10* and up to 3x10” TCID,, or PEU
of virus per milliliter. One unit of benzonase diluted in 0.01
ml of William’s medium was added to 0.5 ml 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 fmer-
captoethanol (RTL-Pmercaptoethanol 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 cen-
trifugation for 5 min at 14,000 rpm 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 aclean 1 ml-Eppendorftube. The RNA solution
was then applied onto a QIAgen column following the rec-
ommendations of the manufacturer (RNeasy minikit,
QIAgen), in order to remove traces of solvent, and eluted with
0.06 ml of nuclease-free H,O water. The presence of viral
RNA was confirmed by quantitative RT-PCR, using a refer-
ence curve established with known quantities of virus, in
TCID;sy/ml.

1.2 Transfection of Vero Cells with Purified RNA

Transfection was performed 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 determined in a preliminary experiment
by incubating Vero cells, plated 16 to 24 hours before (0.3-
0.5x10° 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
boating 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 pl and was chosen for RNA transfec-
tion.

Four transfections were carried out in parallel, using %10 of
the purified RNA preparation (corresponding to about 4x10°
TCIDs,). Twelve microliters of viral RNA solution were
diluted in 500 ul of OptiMEM medium (GIBCO) containing
10 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. After 4 hours of incubation at 32° C.,
transfection mix was removed and cells were rinsed once in
PBS. Three milliliters of post-transfection medium (Will-
iams, GIBCO) were added, and incubation was continued for
5 days at 32° C. Culture medium was then replaced by 3 ml of
Dengue infection medium (Williams supplemented with 10
mM MgSO,).

Moderate toxic effects were observed 24 hours post-trans-
fection and disappeared on day 3. Typical cytopathic effects
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(round, refringent cells) were detected 6 to 8 days post-trans-
fection in all transfection assays. Release of virus in the
supernatant of these cells was confirmed by qRT-PCR. Cul-
ture fluids (3 ml) were collected at day 6 and at day 8 post-
transfection, and pooled. The viruses were diluted with 6 ml
of an aqueous buffered solution comprising cryoprotective
agents (pH=7.5) and frozen until further amplification.

The four viral solutions such obtained after transfection
were named TV (for Transfection in Vero cells) 100, TV200,
TV300 and TV400, and exhibited similar infectious titers
(see below):

TV100: 6.95 log TCID,

TV200: 6.80 log TCID;,

TV300: 6.80 log TCID,

TV400: 6.85 log TCID;,

Of note, transfection efficiency was not significantly
increased in samples transfected in presence of tRNA (TV300
and TV400).

1.3 Characterization of Viruses Recovered After Transfec-
tion

Plaques sizes of DEN1-V100 and TV100 to 400 were
determined. Briefly, Vero cells were plated at a density of
1.000.000 cells/cm?® in culture medium containing 4% of

FBS. After overnight incubation, the medium was removed
and cells were infected with serial twofold or fivefold dilu-
tions of virus. After 1.5 hour at 37° C. 5% CO,, the inoculum
was removed and cells were incubated at 37° C. 5% CQ in
Mimimal Eagle Medium (MEM) containing 1.26% methyl-
cellulose and 10% FBS. After 11 days of incubation, plates
were fixed 20 minutes in cold acetone at -20° C. and revealed
by immuno-coloration with a flavivirus-specific mAb, diluted
at 2.5 ug/ml. Viral plaques were measured using an image
analysis software (Saisam/Microvision)

As a control, DEN-1 16007 and LAV1 were plated in
parallel. The data are presented in Table 1.

TABLE 1

Plaques size of DEN-1 16007, LAV1, V100 (before transfection)
and TVXO00 (after transfection)

Phenotype
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The V100 virus, amplified on Vero cells, exhibits a homo-
geneous small plaque (SP) phenotype. Plaques are slightly
larger than observed in the different samples of LAV1 (2-3
mm diameter instead of <2 mm). This SP phenotype is
retained in the viruses recovered after transfection. One large
plaque (LP), among 90 virus plated, was detected in TV200
sample. However, this proportion shifted to 10 LP for 82 SP
plated after just one amplification passage on VERO cells
suggesting that the LP population was dominant.

Of note, sequencing of attenuation-critical positions per-
formed in parallel did not reveal any mutation in transfected
viruses, compared to LAV1.

1.4 Plaque-Purifications

A sample of DEN-1/TV100 virus, presenting a homog-
enous SP phenotype was chosen for plaque-purification.
Briefly, Vero cells were plated in 6-well plates and infected
with serial dilutions of virus, in order to get between 1 and 20
plaques by plate. After 1.5 hour at 37° C. 5% CO,, the inocu-
lum was removed and cells were incubated under 3 ml of solid
medium composed of MEM-10% FCS pre-heated at 42° C.
and mixed extemporaneally with 2% of melted agarose
equilibrated at 42° C. The medium was allowed to solidify at
room temperature for 30 min; under flow hood, and plates
were incubated in inverted position for 10 days at 32° C.-5%
CO,. A second layer of the same medium supplemented with
0.01% of neutral red was then added and plates were incu-
bated for an additional night at 32° C. Four wel-isolated small
plaques were picked under sterile conditions using a micro-
pipet equipped with a 0.1 ml tip, and transferred into sterile
tubes containing 0.2 ml of MEM-4% FCS. The suspension
was homogeneized by vortexing, serially diluted in the same
medium, and immediately used to infect 6-well plates of Vero
cells. The protocol was repeated and a second picking of six
SP was done. Each picked plaque was diluted in 1 ml of
medium, before amplification on Vero cells, in T25 cm?
flasks. Culture medium was collected at day 6 post-infection,
diluted with the same volume of an aqueous buffered solution
comprising cryoprotective agent (pH 7.5) and frozen at -70°
C. All these steps were performed at 32° C.

Plaque-purified viruses were named DEN-1/TV111, DEN-
1/TV112, DEN-1/TV121, DEN-1/TV131, DNE-1/TV132

40 and DEN-1/TV141, respectively. Infectious titers were deter-
Small mined on Vero cells (see below):
Step Virus Large Plaque  Plaque TV111=6.85 LogCCIDs,/ml1 TV112=6.80 LogCCIDs,/ml
DENT 16007 (wi) 12 0 TV121=6.80 LogCCID,,/ml1 TV131=6.70 LogCCID,,/ml
Master Seed/PDK11  MS-16007/PDK11 0 91 TV132=6.45 LogCCIDso/ml TV141=5.70 LogCCIDs/ml
Working Seed/PDK12 WS LST-22 0 84 45 A second amplification on Vero cells was carried out for
Bulk Seed/PDK13 D1-0010R1 0 188 three clones: TV111, TV112 and TV121.
VER?C mghﬁcmon V100 0 90 1.5 Characterization of Cloned Virus
fransfected vimses VIO ’ e Plaques size of DEN-1/TV111, DEN-1/TV112, DEN-1/
TV300 0 92 TV121, DEN-1/TV131, DEN-1 TV132 and DEN-1/TV141
TV400 0 107 50 candidates were determined. Spot-sequencing of specific
attenuation loci was also performed and revealed no mutation
(Table 2).
TABLE 2
Sequencing at attenuation-specific spots of DEN-1 viruses
E NSl NS3 NS4A NS4B NS5
Step/cell Virus 1323 1541 1543 1545 1567 1608 2363 2695 2782 5063 6048 6806 7330 9445
Non attenuated/PGMK  DEN-1 16007 T G A G A C A T cC G A A A C
Vaccine/PDK DEN-1 16007/ cC A G A G T G C T A T G G T
PDK-13
TV111 cC A G A G T G C T A T G G T
TV112 cC A G A G T G C T A T G G T
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TABLE 2-continued
Sequencing at attenuation-specific spots of DEN-1 viruses
E NS1 NS3 NS4A  NS4B NS5
Step/cell Virus 1323 1541 1543 1545 1567 1608 2363 2695 2782 5063 6048 6806 7330 9445
2nd plaque- TvVi21 C A G A G T G C T A T G G T
purification/VERO TV131 C A G A G T G C T A T G G T
TV132 C A G A G T G C T A T G G T
TvV141 C A G A G T G C T A T G G T
Pre-master VDV1 (VERO-6) C A G A G T G C T A T G G T
seed/VERO

Nucleotides position are indicated below each gene and referred of DEN-1 16007 strain SEQ ID No 2.

In absence of any other criterion able to differentiate B ing sample, the genomic RNA was extracted and purified,
between these clones, TV121 was arbitrarily chosen as pre- retro-transcribed into cDNA. Then all overlapping PCR
master for VDV1. amplifications were performed from the cDNA, with addition

In conclusion, a total number of 6 passages on VERO cells of the sequencing tags at both ends of each PCR product. All
were carried out to adapt and clone the initial DEN-1 16007/ ,, individual sequences were generated in automated devices
PDK11 attenuated strain. Viral RNA was purified and trans- and analysed. Next step consisted of the genome reconstruc-
fected into qualified VERO cells, in conditions fitting withan ~ tion by multiple alignments of all individual sequences. At
industrial application (environmental control, traceability of ~ this point, each unexpected nucleotide change, with regard to
raw material and experiments, certificate of analysis for ani- the reference sequence, was carefully re-analysed by going
mal-derived products). The VERO-adapted strain was cloned , back to raw data. Such change was systematically confirmed
by plaque-purification to generate pre-master seed of VDV1 by another sequence performed from a new PCR product.
vaccine candidate, at VERO passage number 6. Once all ambiguities were solved, the sequenced virus

Contrary to LAV1, VDV1 presents a homogenous small genome was completed, and the new molecule was created in
plaque size phenotype. Furthermore, no mutation was iden- Vector NTi database. It can be used for inter genomes analy-
tified at attenuation-specific positions. Further characteriza- 5, sis, by multiple sequence alignment.
tions have been performed then by determining bulk VDV1 2.1 Materials
complete sequence and phenotypic testing. 2.1.1 Viruses

The viruses to which it is referred here are DEN-1 16007,
Example 2 LAV-1/PDK13; VDV1, the sequences of which are given in
45 the attached sequence listing. The complete genome
Sequencing sequence of these viruses is 10735 nucleotides in length.
2.1.2 Primers

The complete sequence of the virus was generated accord- All primers have been designed in Seqweb bioinformatics

ing to the following strategy. Starting from a VDV 1-contain- package (Accelrys), primer design module (Table 3).
TABLE 3

list of RT-PCT and gequencing primers

Primer RT-PCR

Name Primers sequences NtStart NtEnd length length Overlap
D1 01+ GTTTTCCCAGTCACGACtacgtggaccgacaagaacag (SEQ ID No. 4) 12 32 38 897 -32
D1 01- AACAGCTATGACCATGggatggagttaccagcatcag (SEQ ID No. 5) 928 908 37 201
D1 02+ GTTTTCCCAGTCACGACtgaacaccgacgagacaaac (SEQ ID No. 6) 688 707 37 892

D1 02- AACAGCTATGACCATGaggtccaaggcagtggtaag (SEQ ID No. 7) 1598 1579 36 173
D1 03+ GTTTTCCCAGTCACGACttggaaatgagaccacagaac (SEQ ID No. 8) 1386 1406 38 885

D1 03- AACAGCTATGACCATGgaaacaccgctgaacaaaac (SEQ ID No. 9) 2289 2270 36 146
D1 04+ GTTTTCCCAGTCACGACggttcaagaagggaagcag (SEQ ID No. 10) 2106 2124 36 903

D1 04- AACAGCTATGACCATGttctatccagtaccccatgtce (SEQ ID No. 11) 3028 3008 37 183
D1 05+ GTTTTCCCAGTCACGACcagaataccaccttcatcatecg (SEQ ID No. 12) 2804 2825 39 868

D1 05- AACAGCTATGACCATGttcccatccccatcttgte (SEQ ID No. 13) 3689 3671 35 232
D1 06+ GTTTTCCCAGTCACGACggaaatcagaccagtcaaggag (SEQ ID No. 14) 3418 3439 39 913

D1 06- AACAGCTATGACCATGtgttgtgtgaggcaccagag (SEQ ID No. 15) 4349 4330 36 233
D1 07+ GTTTTCCCAGTCACGACgcaaaccactaaccatgttte (SEQ ID No. 16) 4077 4097 38 901

D1 07- AACAGCTATGACCATGccacttgttgtcaccactce (SEQ ID No. 17) 4995 4977 35 259
D1 08+ GTTTTCCCAGTCACGACccaagggaagagactggaac (SEQ ID No. 18) 4699 4718 37 908

D1 08- AACAGCTATGACCATGtcctgatttgatgcttggaac (SEQ ID No. 19) 5626 5606 37 201
D1 09+ GTTTTCCCAGTCACGACaagcacattttaccgatccag (SEQ ID No. 20) 5376 5396 38 900

D1 09- AACAGCTATGACCATGgtcgtagtttctttctttctecctte (SEQ ID No. 21) 6299 6275 41 182
D1 10+ GTTTTCCCAGTCACGACgcaatagacggggaatacag (SEQ ID No. 22) 6074 6093 37 809

D1 10- AACAGCTATGACCATGatgatggtggttttcagcag (SEQ ID No. 23) 6901 6882 36 138
D1 11+ GTTTTCCCAGTCACGACgtgttgcttattccagagcce (SEQ ID No. 24) 6725 6744 37 877

D1 11- AACAGCTATGACCATGgctgtcttttccatttttctcece (SEQ ID No. 25) 7622 7601 38 228
D1 12+ GTTTTCCCAGTCACGACactttgcacatcacagatcc (SEQ ID No. 26) 7354 7373 37 821

D1 12- AACAGCTATGACCATGttcgcactagcattcctcece (SEQ ID No. 27) 8192 8174 35 175
D1 13+ GTTTTCCCAGTCACGACcacctgagaaatgtgacacc (SEQ ID No. 28) 7980 7999 37 907

D1 13- AACAGCTATGACCATGtttccttgtttatgaagctccce (SEQ ID No. 29) 8907 8886 38 207
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TABLE 3-continued

list of RT-PCT and sequencing primers

Primer RT-PCR

Name Primers sequences NtStart NtEnd length length Overlap
D1 14+ GTTTTCCCAGTCACGACcaaaagcgaaacgaggcac (SEQ ID No. 30) 8661 8679 36 894
D1 14- AACAGCTATGACCATGgtttcaccacacagtcatctce (SEQ ID No. 31) 9575 9554 38 221
D1 15+ GTTTTCCCAGTCACGACagaccagcgaaaaatggaac (SEQ ID No. 32) 9314 9333 37 865
D1 15- AACAGCTATGACCATGtcccaatgagccttctcac (SEQ ID No. 33) 10196 10178 35 262
D1 16+ GTTTTCCCAGTCACGACgctaatgctatctgttcagce (SEQ ID No. 34) 9896 9916 38 812
D1 16- AACAGCTATGACCATGtgattcaacagcaccattcce (SEQ ID No. 35) 10726 10707 36 -28
D1 1l6i+ ccatggaagctgtacgce (SEQ ID No. 36) 10480 10496 17
D1 1l6i- gagacagcaggatctctgg (SEQ ID No. 37) 10671 10652 19
15 .
2.2 Methods Sequencing at Genome Express: PCR products were

2.2.1 Viral RNA Purification

From previous experience, a minimal of 1000 DICC;,, is
required to get a positive RT-PCR reaction in the next steps.
This means that a minimum virus titer of 10* DICCs./mL is
necessary. Virus genomic RNA was purified using QlAamp
viral RNA mini kit (Qiagen), according to the manufacturer’s
recommendations. Briefly, a volume of 140 ul from a crude
viral sample was incubated in the presence of the lysis solu-
tion, and loaded onto a kit column. After washing steps, the
purified viral RNA was eluted by 60 pl of sterile nuclease-free
water containing 1 pl (40 units) of RNAse inhibitor (RNAse
Out, Sigma).

2.2.2 Reverse Transcription

Viral RNA was reverse transcribed into cDNA by a reverse
transcriptase (reverse iT) from ABGene. Again, standard
operating conditions were applied, using 10 pl of purified
RNA, in a final reaction volume of 20 ul. The reaction was
initiated by hybridization of the minus strand primers. One
RT reaction per PCR was performed (Table 1). The cDNA
synthesis was obtained by 45 min incubation at 47° C.

2.2.3 PCR

All PCR were performed with Expand High Fidelity PCR
system (Roche diagnostics), using all 16 pairs of primers (+)
and (-) from Table 1. PCR conditions were the following
ones:

RT 2l
10x buffer 2.5 ul
dNTP mix (10 mM) 2 ul
Primers 0.8 ul each
H20 16.4 ul
Enzyme 0.5 pl
PCR program

Denaturation 94° C. 2 min

Denaturation 94° C. 15 sec

Hybridization 55°C. 30 sec } 40 cycles

Elongation 68° C. 1 min

Elongation 68° C. 5 min

Al PCR products were controlled by electrophoresis on agarose gel.

2.2.4 Sequencing

The major part of the sequence reactions has been out-
sourced to Genome Express. Genome extremities, ambigu-
ities, some inter-PCR junctions, and regions not sequenced by
Genome Express for technical reasons were performed in-
house.
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shipped at +4° C., and sequencing results were received
as informatic sequence files. Text file, quality files and
chromatograms are available for each individual
sequence. After sequence alignment, all discrepancies
were checked on the chromatogram, and corrected if
identified as sequence algorithm errors.

In-house sequencing: Sequence reactions were performed
on thermocycler PTC-200 (MJ Research), with Sequith-
erm Excell I LC kit (Epicentre). Each PCR product was
sequenced on both strands independently in a single
reaction. Reactions were loaded onto a sequence elec-
trophoresis gel. Run and analysis of sequence were per-

formed on the automated sequencer Gene ReadlR 4200
(Li-Cor).
Sequence reaction
DNA up to 200/250 ng
Reaction buffer 7.2l
Primers (1-2 pM) 1.5 pl each
Enzyme 1pl
H20 up to 20 ul
PCR program
Denaturation 92° C. 2 min
Denaturation 92° C. 15 sec
Hybridization 50° C. 30 sec } 30 cycles
Elongation 70° C. 1 min
Elongation 70° C. 10 sec

Addition of 3 ul of denaturating/loading buffer.

Denaturation of samples 3 min at 95° C. and ice cooling
just before samples loading.

Sequence electrophoresis

Electrophoresis parameters Gel parameters

Voltage 1500V Gel hight 41 cm
Current 35mA Gel thickness 0.2 mm
Power 40W Temperature 45° C.
Run time 9HO00 Scan speed 3







