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(57) ABSTRACT 

Described are vaccines containing (Whole-inactivated) West 
Nile Viruses and/or West Nile viral proteins derived there 
from, produced on human cells, Wherein the human cells 
comprise a sequence encoding at least one early region-1 (E1) 
gene product of an adenovirus. The cells are preferably cul 
tured in suspension to very high densities and under serum 
free conditions. Herein, it is disclosed that use of such cells 
results in high titers of West Nile Virus produced. 
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VACCINES AGAINST WEST NILE VIRUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional ofU.S. patent appli 
cation Ser. No. 11/110,517, ?led Apr. 20, 2005, pending, 
Which application is a continuation of PCT International 
Patent Application No. PCT/ EP2003/ 050806, ?led on Nov. 7, 
2003, designating the United States of America, and pub 
lished, in English, as PCT International Publication No. WO 
2004/042042 Al on May 21, 2004, Which application claims 
priority to PCT International Patent Application No. PCT/ 
NL02/00718, ?led Nov. 8, 2002, and to PCT International 
PatentApplication No. PCT/EP03/ 50129, ?ledApr. 28, 2003. 
US. patent application Ser. No. 11/110,517 (identi?ed 
above) is also a continuation-in-part of pending US. patent 
application Ser. No. 09/722,867 ?led on Nov. 27, 2000 Which 
is a continuation-in-part of US. patent application Ser. No. 
09/449,854, now US. Pat. No. 7,192,759, ?led on Nov. 26, 
1999. The contents of the entirety of each of the identi?ed 
applications and patents are incorporated herein by this ref 
erence. 

TECHNICAL FIELD 

[0002] The invention relates to the ?eld of medicine. In 
particular, it relates to vaccines against ?aviviruses and, more 
speci?cally, to West Nile Virus and to methods of producing 
the same. 

BACKGROUND 

[0003] The Flaviviridae family contains three genera: the 
?aviviruses, the pestiviruses and the Hepatitis C viruses. Fla 
viviruses are small spherical enveloped viruses With virions 
composed of three structural proteins designated C, M and E, 
and a single (+)RNA genome of approximately 1 1,000 nucle 
otides (Chambers et al. 1990; Brinton 2002). The ?avivirus 
genus comprises more than 60 highly related viruses includ 
ing several human pathogens of global and local epidemio 
logical importance, With most of them being transmitted by 
arthropod vectors. With a combined toll of hundreds of mil 
lions of infections around the World annually, yelloW fever 
virus, Japanese encephalitis virus, St. Louis encephalitis 
virus, Murray Valley encephalitis virus, tick-borne encepha 
litis virus, dengue virus, and West Nile Virus continue to be in 
the focus of epidemiological surveillance WorldWide. While 
the availability of an e?icient vaccine and control of mosquito 
vectors have resulted in signi?cant improvement of the epi 
demiological situation in yelloW fever, other existing, as Well 
as emerging, ?avivirus-associated diseases for Which vac 
cines are not yet available continue to challenge experimental 
virology. West Nile Virus Was ?rst identi?ed in 1937 in the 
West Nile district in Uganda (Smithburn et al. 1940) and has 
noW been recogniZed as the most Widespread of the ?avivi 
ruses, With a geographic distribution in Africa, Asia, Europe, 
Australia and North America (Campbell et al. 2002). Recent 
outbreaks have been reported in Russia, Israel, Romania, and 
the United States (Hubalek and HalouZka 1999; Anderson et 
al. 1999; Jia et al. 1999; Lanciotti et al. 1999), With over 3000 
individuals tested positive and nearly 300 people killed. The 
virus Was found to have caused infections in persons in over 
40 different states in the United States. Symptoms vary from 
fever, headache, skin rash, sWollen lymph glands, neck stiff 
ness, stupor, disorientation, tremors, convulsions, muscle 
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Weakness, pancreatitis, myocarditis, and paralysis to coma, 
While in 15% of the cases, the disease progresses to a more 
severe state (e.g., West Nile encephalitis), Which can lead to 
death. Besides infecting humans, West Nile Viruses are also 
knoWn to infect horses and several bird species and cause 
severe illness and death. The outbreak in NeW York in 1999 
started With massive death among croWs and several lethal 
cases in horses. 
[0004] Several approaches Were folloWed in the art to coun 
teract the infection and resulting illnesses brought about by 
?aviviruses. One proposed approach Was to treat individuals 
With chemical compounds, such as ribavirin and nucleoside 
analogues, and biologicals such as interferon alpha-2b and/or 
helioxanthin (WO 00/10991; WO 02/15664; and US. Pat. 
No. 6,306,899, the contents of the entirety of each of Which 
are incorporated herein by this reference). Others have 
focused on the development of vaccines containing: chimeric 
?aviviruses, (manipulated) yelloW fever viruses for cross 
vaccination, sub-viral particles, replication-defective ?avivi 
ruses, (naked) nucleic acid, recombinant subunits (envelope 
proteins), or poxviruses containing ?avivirus antigens (Ar 
royo et al. 2001; Wang et al. 2001; Chang et al. 2001; WO 
00/12128; WO 01/03729; WO 02/72036; WO 99/26653; WO 
99/63095; WO 01/60315; WO 02/68637; EP 0869184A; WO 
00/14245; WO 02/74963 EP 0691404 A WO 98/37911; WO 
01/39802; WO 01/60847; EP 0102228 A; EP 0872553 A; and 
US. Pat. Nos. 6,184,024, 5,514,375, 5,744,140, 5,744,141 
6,416,763, 6,432,411, 5,494,671, and 6,258,788, the contents 
of the entirety of each of Which are incorporated herein by this 
reference). One veterinary vaccine containing inactivated 
West Nile Viruses Was approved in August 2001, solely for 
use in horses. In Israel, an approach Was taken to produce a 
West Nile Virus strain, isolated from geese (Goose Israel 
1998), in mouse brains, to inactivate it by formaldehyde and 
to apply the vaccine in geese ?ocks (Malkinson et al. 2001). 
This veterinary vaccine (foruse in geese ?ocks) Was approved 
by the Israeli authorities in July/August 2001. Numerous 
disadvantages exist With the treatments and vaccines men 
tioned above related to dosages, ineffectiveness, required 
titers in production, and side effects (Monath et al. 2001). 
Disadvantages in the production of vaccines on systems such 
as mouse brains are clearly related to safety, animal Welfare, 
adverse side effects, allergic properties, titers and scalability. 
No human vaccines have been produced to date. 

SUMMARY OF THE INVENTION 

[0005] The invention relates to methods for producing a 
West Nile Virus comprising the steps of: either infecting a 
cell, or a culture of cells, With a West Nile Virus, or providing 
a cell or a cell culture, With nucleic acid coding for the West 
Nile Virus; and culturing the cell, or the culture of cells, 
obtained in either one of the previous steps in a suitable 
medium under conditions that cause or alloW the virus to 
replicate in the cell or that cause or alloW expression of the 
nucleic acid coding for the West Nile Virus or the culture of 
cells, thereby causing the West Nile Virus to be produced, 
Wherein the cell or the culture of cells is characteriZed in that 
it expresses at least an E1A protein of an adenovirus. 
[0006] Products obtainable by the methods described 
herein are also part of the invention and may be used for 
vaccines in veterinary and human applications. The invention 
thus also provides methods for producing, inactivating and 
disrupting West Nile Viruses to be used in veterinary appli 
cations. 
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[0007] The invention further relates to West Nile Viruses or 
West Nile viral proteins for use in a vaccine obtainable by a 
method or a use according to the invention, the West Nile 
Virus or the West Nile viral protein being free of any non 
human mammalian proteinaceous material. Such West Nile 
Viruses and/or West Nile viral proteins are suitable for the 
production of human and/ or veterinary vaccines against ?a 
vivirus infections, such as infections by West Nile Virus, but 
also to viruses highly related to West Nile Virus. The inven 
tion also relates to such vaccines. Moreover, the invention 
relates to human cells having a sequence encoding at least one 
El gene product of an adenovirus in its genome and having a 
nucleic acid encoding a West Nile Virus or at least one West 
Nile viral protein. 
[0008] The invention also relates to the production of a 
lineage II strain of West Nile Virus that can be used in a 
vaccine Which can subsequently be applied for protection 
against a lineage I strain infection, via a mechanism referred 
to as cross-protection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 shoWs the Reverse Transcriptase PCR(RT 
PCR) products using samples of cells as deposited under 
ECACC no. 96022940 infected With West Nile Virus. 
[0010] FIG. 2 shoWs the immune ?uorescent staining of 
cells as deposited under ECACC no. 96022940 infected With 
West Nile Virus using a human serum as a negative control 
and a serum derived from a monkey that Was infected With 
yelloW fever virus. 
[0011] FIG. 3 is a phylogenetic tree ofa large set ofWest 
Nile Viruses based on sequences of the envelope protein. In 
the upper part, the lineage I strains are given (generally asso 
ciated With severe disease) and in the loWer part, the lineage 
II strains are given (generally associated With mild disease). 
[0012] FIG. 4 is a diagram shoWing the titer of the virus 
preparation produced on cells as deposited under ECACC no. 
96022940 and in Mouse Brain. The titration Was determined 
using VERO cells and given in CCID50/ml. 
[0013] FIG. 5 is a diagram shoWing the titer of the virus 
preparation produced on cells as deposited under ECACC no. 
96022940 and in Mouse Brain. The titration Was determined 
using suckling mice and given in MLD50/0.l ml. 
[0014] FIG. 6 are diagrams shoWing the time to disease or 
death of the geese challenged With the West Nile Virus strain 
Goose Israel 1998, vaccinated With a volume of 0.25 ml (A), 
0.5 ml (B) or 1.0 ml (C) as compared to the control geese that 
did not receive vaccination (negative control); given here as 
line “4.” The vaccine comprising the inactivated West Nile 
Virus produced on mouse brain Was taken as a positive control 
and given as a dotted line “1 .” The PER.C6®-based vaccine 
including the adjuvant is represented by line “2,” and the 
PER.C6®-based vaccine Without adjuvant is represented by 
line “3.” 
[0015] FIG. 7 is a diagram shoWing the time to disease or 
death of all geese combined from the three volumes of FIG. 6. 
Line “1” (dotted) represents the vaccine With the inactivated 
West Nile Virus produced on mouse brain. Line “2” repre 
sents the PER.C6®-based vaccine including the adjuvant and 
“3” is the negative control. The group receiving the PER. 
C6®-based vaccine Without adjuvant is not given here. 
[0016] FIG. 8 shoWs the TCID50 titers obtained With sev 
eral West Nile Virus strains groWn on cells as deposited under 
ECACC no. 96022940, using different dilutions of virus: (A) 
NeW York 1999 (USA99b); (B) Kunjin 1991 (Aus9l); (C) 
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Madagascar 1978 (Mad78); (D) Kunjin 1960 (Aus60); (E) 
Cyprus 1968 (Cyp68); (F) Goose Israel 1998 (Isr98). 
[0017] FIG. 9 is a graphical representation of part of the 
data shoWn in Table XVII for the Mouse Brain-MO and 
PER.C6®-WN-MO vaccines. Animals that died before chal 
lenge (tWo in both groups, leaving 58 animals in both groups 
for challenge) Were not included in this ?gure. 
[0018] FIG. 10 is a graphical representation of part of the 
data shoWn in Table XVII for the different PER.C6®-based 
vaccines With or Without aluminum-based adjuvants. Ani 
mals that died in these groups before challenge (one for 
PER.C6®-WN-AlOH leaving 59 animals; four in PER.C6® 
WN-AlPh, leaving 56 animals; three in PER.C6®-WN, leav 
ing 57 animals) Were not included in this ?gure. 
[0019] FIGS. 11A and 11B shoW TCID50 titers obtained 
With West Nile Virus derived from suspension-groWing PER. 
C6® cells. The data depicted in the graph of FIG. 11A Was 
obtained groWing the PER.C6® cells in VPRO suspension 
culture media from JRH. The data depicted in the graph of 
FIG. 11B Was obtained groWing the PER.C6® cells in APM 
suspension culture media from Gibco. Samples Were taken at 
days 2, 3, 4, 5, and 6 post-infection and assayed for TCID50/ 
ml. Virus dilution is shoWn on the x-axis and titer is shoWn on 
the y-aXis. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] Described are vaccines against West Nile Virus and 
to methods of producing the same. It is appreciated in the art 
that there is a great need for a potent vaccine against West Nile 
Virus that should be suf?ciently protective and that could be 
produced in a large scale. The invention relates to the produc 
tion of a Whole-inactivated (or killed) virus, based on West 
Nile Virus. More speci?cally, it relates to a Whole-inactivated 
West NileVirus that is being produced using cells that groW in 
suspension and under serum-free conditions (animal compo 
nent free) to enable one to produce large-scale batches. It 
further relates to the doWn-stream processes for inactivating 
and purifying the produced viruses and to the compositions 
for prophylactic and therapeutic treatment. 
[0021] In the art, West Nile Viruses have been groWn and 
passaged on a limited number of cells: Baby Hamster Kidney 
(BHK) cells, ?broblasts, monkey kidney cells (Vero), mur‘ine 
macrophages, C6/36 cells, and HeLa cells (Dunster et al. 
1990; Kurane et al. 1992; Wengler et al. 1990). Moreover, 
West Nile Virus has also been produced on infant mouse 
brains. None of these systems is highly suitable for producing 
West Nile Viruses in a combination of large-scale production, 
in suspension and under animal component-free and/or 
serum-free conditions. These procedures are not especially 
suited for the production of vaccines that are to be used in 
humans. Vero cells groW on microcarriers, not in suspension, 
While HeLa cells are aggressive tumor cells. BHK cells are 
not generally found to be safe for the production of therapeu 
tics. The other systems do not provide a platform for large 
scale production since cells need to groW inde?nitely and 
should not be derived from a tumor. Also, vaccines produced 
on mouse brains are not desired due to safety, animal Welfare, 
possible adverse side effects, allergic reactions and scalabil 
ity. Importantly, an embryonic human retinoblast cell line 
obtained by transformation and immortaliZation through the 
early region-l (El) from Adenovirus serotype 5 (cells as 
deposited under ECACC no. 96022940), a cell-based plat 
form technology marketed by Crucell Holland B .V. under the 
trade name PER.C6®, has been described to support the 
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growth of in?uenza virus, measles virus and Herpes simplex 
virus type 1 and 2 (W0 01/ 38362, incorporated in its entirety 
by reference herein). Although the use of cells as deposited 
under ECACC no. 96022940 for the production of ?avivi 
ruses has been suggested in WO 01/38362, no speci?c men 
tion is made of West Nile Virus. The invention discloses that 
E1 -transformed human cells are able to sustain the growth of 
West Nile Virus, thereby providing a highly useful tool in the 
production of large batches of West Nile Virus that are to be 
used for subsequent puri?cation and inactivation and for use 
in vaccines. 
[0022] The invention relates to methods for producing a 
West Nile Virus comprising the steps of infecting a cell or a 
culture of cells With a West Nile Virus; and culturing the cell 
or the culture of cells obtained in the previous step in a 
suitable medium under conditions that cause the virus to 
replicate in the cell or the culture of cells, thereby causing the 
West Nile Virus to be produced, Wherein the cell or the culture 
of cells is characterized in that it expresses at least an ElA 
protein of an adenovirus. 
[0023] In certain embodiments, described is a method for 
producing a West Nile Virus comprising the steps of: provid 
ing a cell or a culture of cells With nucleic acid coding for the 
West Nile Virus; and culturing the cell or the culture of cells 
obtained in the previous step in a suitable medium under 
conditions that cause expression of the nucleic acid coding for 
the West NileVirus, thereby causing the West Nile Virus to be 
produced, Wherein the cell or the culture of cells is character 
iZed in that it expresses at least an ElA protein of an aden 
ovirus. The E1 region of adenovirus comprises several sub 
regions, for example, EIA and B1B. Many studies have been 
performed in the past that revealed that the different proteins 
expressed from the E1 region play different roles in transfor 
mation of cells and subsequent immortaliZation to obtain cell 
lines. The invention, therefore, also relates to a method 
described herein, further characterized in that the cell or the 
culture of cells expresses at least one protein of the B1B 
region of an adenovirus. For large-scale production, it is 
required to have a stable cell line that groWs inde?nitely. In a 
preferred embodiment, the invention provides methods 
according to the invention Wherein the cell or the culture of 
cells comprises a functional E1 region of an adenovirus and 
Wherein the E1 region is stably integrated in the chromosomal 
genome of the cell. 
[0024] Different types of cells can be used to apply the 
methods described herein, hoWever, the cell of choice should 
be a cell that is stable, safe and non-tumorigenic. Therefore, 
the invention also relates to cells or cultures of cells that are 
derived from a non-tumorous human cell, and/ or derived 
from a retinoblast, and/or that is derived from an embryonic 
cell. More preferably, the cell is derived from an embryonic 
retinoblast. Highly preferred are methods Wherein the cell is 
a cell as deposited under ECACC no. 96022940 or a deriva 
tive thereof. Other cells that may be applied are cells derived 
from a kidney cell or an amniocyte. 

[0025] The nucleic acid that is administered to the cells in 
the methods described herein is preferably RNA Wherein the 
RNA is preferably delivered to the cell or to the culture of 
cells by means of a West Nile Virus. 

[0026] The West Nile Virus to be produced is preferably 
lineage II strain West Nile B956, lineage II strain Madagascar 
1978, lineage II strain Cyprus 1968, lineage I strain Kunjin 
1960, lineage I strain Kunjin 1991, lineage I strain Goose 
Israel 1998 or lineage I strain NeW York 1999. In another 
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preferred embodiment, the West Nile Virus strain to be pro 
duced is a lineage II strain selected from the group consisting 
of: Kenya, Uganda, Senegal 1990, Uganda 1937, Uganda 
1959, Central African Republic 1972a, Central African 
Republic 1972b, Central African Republic 1983, Madagascar 
1986 and Madagascar 1988. Such West Nile Virus strains 
may, therefore, also be used to deliver the nucleic acid to the 
cells or the culture of cells. 
[0027] Another aspect relates to methods according to the 
invention Wherein the West NileVirus is providing the nucleic 
acid to the cells in a multiplicity of infection (“moi”) ranging 
from 5 to 5x10“7 plaque-forming units (“PFU”) per cell. This 
range of PFU is su?icient to obtain high titers of replicating 
West Nile Viruses, as can be seen in the examples herein. 
[0028] Also described herein are methods further compris 
ing the steps of optionally harvesting the produced West Nile 
Virus and inactivating the produced West Nile Virus; or to 
methods according to the invention further comprising the 
steps of, in either order, inactivating the produced West Nile 
Virus and harvesting the produced West Nile Virus. 
[0029] Inactivation of the produced West Nile Viruses may 
be achieved through methods knoWn to a person of ordinary 
skill in the art. Examples of inactivation are the use of UV 
light or the use of beta-propiolactone. A preferred inactivation 
takes place through the use of formaldehyde (formalin-in 
duced inactivation). 
[0030] In certain embodiments, the invention provides 
methods for obtaining West Nile Viruses that can be used in 
subunit vaccines; therefore, the invention also relates to a 
method according to the invention Wherein the West Nile 
Viruses are produced, further comprising the steps of disrupt 
ing the produced West Nile Virus, and purifying one or more 
antigenic components of the West Nile Virus disrupted in the 
previous step. Such antigenic components are generally the 
capsid (or envelope) proteins of the West Nile Virus particle, 
although it cannot be excluded that other (antigenic) proteins, 
peptides, or entities from the virus can be obtained after using 
the methods described herein. Such products are also encom 
passed Within the claims of the invention. 
[0031] The invention also relates to the use of a human cell 
having a sequence encoding at least the EIA protein of an 
adenovirus in its genome, Which cell does not produce struc 
tural adenoviral proteins for the production of a West Nile 
Virus. Preferably, such cell also comprises at least one ElB 
sequence coding for an E 1 B protein and, more preferably, the 
cell comprises stably integrated into its genome an E1 region 
from an adenovirus. A highly preferred adenovirus serotype 
that is used for providing the E1 region is adenovirus serotype 
5. 
[0032] A preferred method utiliZes a human cell Wherein 
the human cell is derived from an embryonic retinoblast. 
Highly preferred is the use of a cell as deposited under 
ECACC no. 96022940, or a derivative thereof. 

[0033] The invention also relates to the products obtained 
by the methods described herein and to certain applications 
thereWith, such as the use in vaccines. Therefore, it also 
relates to a West Nile Virus obtainable by a method according 
to the invention or by a use according to the invention for use 
in a vaccine, the West Nile Virus being free of any non-human 
mammalian proteinaceous material, While it also relates to 
vaccines comprising a West Nile Virus, or a West Nile Virus 
protein according to the invention, a pharmaceutically 
acceptable carrier and optionally, an adjuvant. Possible adju 
vants that may be applied are mineral oil (generally accepted 
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for veterinary use) or alum-based adjuvants, which may be 
applied for human use. Pharmaceutically acceptable carriers 
are widely used and are well known in the art. 
[0034] To obtain cross-protection, which is a mechanism 
through which a vaccine based on a relatively harmless virus 
is used to raise protection against a virus that would normally 
give rise to a relatively harmful disease, it is preferred to use 
a vaccine comprising a whole-inactivated lineage II West Nile 
Virus, a pharrnaceutically acceptable carrier and, optionally, 
an adjuvant. Such vaccines are provided by the invention. 
[0035] The invention furthermore relates to a human cell 
having a sequence encoding at least an ElA gene product of 
an adenovirus (and, preferably, also a sequence coding for an 
ElB gene product and, more preferably, an El region) in its 
genome and having a nucleic acid coding for a West Nile 
Virus. Highly preferred is a human cell according to the 
invention wherein the human cell is a derivative of a cell as 
deposited under ECACC no. 96022940, or a derivative 
thereof. 
[0036] Also provided is a method of vaccinating an animal 
or human subject against West Nile Virus infection, compris 
ing administering a vaccine according to the invention to the 
animal or human subject. 

[0037] The invention relates to a method for producing a 
West Nile Virus and/ or a West Nile viral protein for use as a 
vaccine, comprising: a) providing a cell having at least a 
sequence encoding at least one gene product of the El region 
of an adenovirus, with a nucleic acid encoding the West Nile 
Virus and/or the West Nile viral protein; b) culturing the cell 
obtained in the previous step in a suitable medium; and c) 
allowing for expression of the West Nile Virus and/ or the West 
Nile viral protein in the medium and/ or the cell. Preferably, 
the method also comprises the step of purifying the produced 
West Nile Virus and/ or West Nile viral protein from the tissue 
culture supernatant and/ or the cells. Puri?cation steps that can 
or may be used for obtaining a puri?ed West Nile Virus 
according to the invention include (sterile) ?ltration, chroma 
tography (e.g., using heparin sulphate), dia?ltration and/or 
(an)ion exchange chromatography. Also preferred are meth 
ods described herein comprising the step of inactivating the 
obtained West Nile Virus. Inactivation is performed by using 
one or more of the inactivation methods available, such as 
polysorbate inactivation by, for instance, using TWEEN® 20, 
TWEEN® 40, TWEEN® 60 and/ or TWEEN® 80, and/ or by 
long wavelength ultraviolet radiation, and/or by furocou 
marin, and/or by ascorbic acid and/or a salt thereof. Prefer 
ably, the West Nile Virus obtained by a method or a use 
according to the invention is (whole-) inactivated by formalin 
and/ or by beta-propiolactone treatment. The viral RNA may 
be inactivated by nucleic acid-disrupting agents such as 
RNase. 

[0038] The invention also relates to methods for the pro 
duction of West Nile viral proteins and to the West Nile viral 
proteins obtained by the methods described herein. The West 
Nile viral proteins can be obtained by methods comprising a 
step of disrupting a West Nile Virus obtained by a method of 
the invention, resulting in a subunit of the West Nile Virus. 
Such a subunit, generally comprising at least one antigenic 
component of the West Nile Virus, such as the envelope 
protein(s) and/or fragments thereof, can then be used to pro 
duce a vaccine composition. The subunit of the West Nile 
Virus can also be obtained by methods according to the inven 
tion wherein a nucleic acid encoding the subunit is provided 
to a cell having at least a sequence encoding at least one gene 
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product of the El region of an adenovirus, by means other 
than a West Nile Virus. Therefore, the nucleic acid can be 
RNA, cDNA and DNA. Preferably, the nucleic acid is RNA 
and also preferably, the nucleic acid delivery vehicle is a West 
Nile Virus. 

[0039] In certain embodiments, the cells used for the pro 
duction of West Nile Virus and/ or West Nile viral proteins are 
cultured in suspension and/or in serum-free conditions. More 
preferably, the cells are cultured in mammalian component 
free medium. Therefore, the invention also relates to methods 
for producing a West Nile Virus and/or a West Nile viral 
protein for use as a vaccine, comprising: a) providing a cell 
with a nucleic acid encoding the West Nile Virus and/ or the 
West Nile viral protein; b) culturing the cell obtained in the 
previous step in a suitable medium; and c) allowing for 
expression of the West Nile Virus and/or the West Nile viral 
protein in the medium and/or the cell, wherein the cell is 
cultured in suspension (non-adherent). Preferably, a suitable 
medium for the methods described herein is a medium lack 
ing mammalian-derived components or a serum-free medium 
and, optionally, factors that are recombinantly produced. The 
growing and culturing of the cells for the methods described 
herein may be performed by using different large-scale set 
ups, such as fed-batch, perfusion culture and wave bags. 

[0040] Providing the nucleic acid may occur during differ 
ent stages in the cell-culture process and by several different 
methods such as transfection, electroporation, infection 
through viral-based delivery (by carriers such as adenovi 
ruses, alphaviruses and poxviruses) or by complexes such as 
liposomes, or other nucleic-acid delivery vehicles known in 
the art. Purifying the produced West Nile Viruses and/or West 
Nile viral proteins according to the methods described herein 
may be performed by several methods known in the art, such 
as single- or multistep (anion and/or cation) exchange chro 
matography. 
[0041] In certain embodiments, a method is provided 
wherein the cell that is provided with the nucleic acid encod 
ing a West Nile Virus or a West Nile viral protein, is derived 
from a non-tumorous human cell. More preferably, such a cell 
is derived from a primary human embryonic retinoblast. Even 
more preferred are methods according to the invention 
wherein the sequence encoding at least a gene product of the 
El region is present in the chromosomal genome of the cell. 
Highly preferred is a method wherein the cell provided with 
the nucleic acid encoding a West Nile Virus is a cell derived 
from cells such as those that are deposited under ECACC no. 
96022940. As a “derivative” thereof can be understood to 
mean any such cell that contains (in addition to the El region 
of adenovirus serotype 5) another heterologous nucleic acid 
that may or may not be incorporated in the genome of the cell. 
Examples of such derivatives are cells that contain, in addi 
tion, a temperature-sensitive E2A gene (PER.tsE2A; as 
described in WO 01/38362) or other adenovirus genes (such 
as described in WO 02/40665). As “derivatives” can also be 
understood to mean descendants of cells as deposited under 
ECACC no. 96022940 that have been sub-cultured for a pro 
longed period, either under selective pressure and/or 
mutageniZing agents, or otherwise, since the deposit at the 
ECACC. It is to be understood that the invention also encom 
passes other cell lines that have been transformed with at least 
the El A region of an adenovirus. Other cell lines that could be 
used for the invention comprise, but are not limited to: 293 
cells, 293-E4orf6 cells, 911 cells, PER.ElB55K cells, PER. 
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tsE2A cells, HT1080 cells, amniocytes transformed With 
adenovirus E1, and A549 cells transformed With adenovirus 
E1. 
[0042] In certain aspects, provided are methods for produc 
ing West Nile Viruses and/or West Nile proteins according to 
the invention, Wherein the nucleic acid that is provided to the 
cell is RNA. Preferably, the nucleic acid is provided by a West 
Nile Virus, Which contains (in its Wild-type form) a single 
(+)RNA strand. 
[0043] Many strains of West Nile Viruses have been 
described in the art (Lanciotti et al. 2002). In one embodiment 
of the invention, the West Nile Virus that provides the nucleic 
acid to the cell and/or that is the West Nile to be produced, is 
strain West Nile B956 (lineage II). Lineage II West Nile 
strains are normally not related to human illnesses, While 
lineage I strains are or can be (Lanciotti et al. 2002). The 
strains that may be produced With methods according to the 
invention are given in Table I. More West Nile Virus strains 
not given in Table I may also be produced With the methods 
described herein. Preferably, NeW York 1999 (also referred to 
as NY99 or USA99b, see beloW; several isolates Were 
reported from the NeW York area, ranging from human, 
equine and avian sources), Israel 1998 (Goose Israel 1998, 
sometimes referred to as Isr98 or IS-98-ST1, see WO 

02/081511), NY2000 3282, NY2000 3356, NY 1999 equine, 
Conn 1999, MD 2000, NJ 2000, Kunjin 1960 or 1991 (Aus60 
or Aus91 respectively, also referred to as strains MRM 16 or 
K 6453 respectively, see beloW), Madagascar 1978, Cyprus 
1968 and Israel 1999H are used for the methods described 
herein. In one preferred embodiment, West Nile Virus strain 
NY 1999 hum (a strain isolated from a human brain in 1999 
in the NeW York area) or 385-99 (a strain isolated from the 
organs of a SnoWy OWl, Nyclea scandiaca, of The Bronx Zoo 
in the NeW York outbreak) is produced using methods 
described herein. It is to be understood that it is also feasible 
to groW chimeric ?aviviruses knoWn in the art (WO 
98/37911; WO 01/39802; WO 01/60847; EP 0102228 A; EP 
0872553 A; and US. Pat. No. 6,184,024, the contents ofthe 
entirety of each of Which are incorporated herein by this 
reference) by methods described herein, thereby circumvent 
ing possible problems of loW titers, high costs and/or safety 
issues. 
[0044] In a speci?c embodiment, the invention provides 
methods according to the invention Wherein a West Nile Virus 
is providing the nucleic acid to the cells in a multiplicity of 
infection (“moi”) ranging from 5 to 5x10“7 plaque-forming 
units per cell. As shoWn in the examples, the inventors of the 
invention Were able to shoW that it is feasible to obtain titers 
of 109 pfu/ml after three days folloWing an moi that Was as 
loW as 0.005 pfu/cell, using methods described herein, While 
titers obtained With a higher moi, Were most likely even 
higher. 
[0045] In one embodiment, the invention relates to the use 
of a human cell having a sequence encoding at least one El 
protein of an adenovirus in its genome, Which cell does not 
produce structural adenoviral proteins for the production of a 
West Nile Virus or at least one West Nile viral protein. Pref 
erably, the human cell is derived from a primary retinoblast 
and, even more preferred, are uses according to the invention, 
Wherein the human cell is a cell as deposited under ECACC 
no. 96022940, or a derivative thereof. 

[0046] In certain embodiments, the invention relates to a 
West Nile Virus or a West Nile viral protein obtainable by a 
method according to the invention, or by a use according to 

Jan. 15, 2009 

the invention, for use in a vaccine, the West Nile Virus or the 
West Nile viral protein being free of any non-human mam 
malian proteinaceous material. A vaccine may be produced 
With a West Nile Virus and/or West NileVirus protein accord 
ing to the invention. Such a vaccine is preferably a composi 
tion comprising a West Nile Virus and/or a West Nile viral 
protein obtained and a suitable (pharmaceutically acceptable) 
carrier such as regularly used in the art of preparing vaccine 
compositions for use in humans and in veterinary applica 
tions. Optionally, the vaccine also comprises an adjuvant. 
Preferably, the human vaccine comprises an adj uvant reagent 
that is acceptable for use in humans, such as “Alum” or 
aluminum hydroxide, Which is an adj uvant knoWn to persons 
skilled in the art. Another adjuvant that may be applied is 
aluminum phosphate. For veterinary use, it is also preferred to 
use an adjuvant, for example Mineral Oil. Mineral Oil is an 
adjuvant that is Widely applied in the veterinary vaccine 
industry, for instance, in the West Nile Virus vaccine pro 
duced on mouse brains that has been approved in Israel for 
vaccination of geese. The vaccine of the invention is applied 
for prophylactic, therapeutic and/or diagnostic use. The vac 
cine according to the invention is also applied for cross 
vaccination for viruses that are highly similar to West Nile 
Virus Within the Flaviviridae family. For safety reasons, it is 
preferable to vaccinate animals and human subjects against 
West Nile Virus by using a vaccine comprising a Whole 
inactivated Lineage II strain (associated With mild disease), 
thereby protecting such individuals against a lineage I strain 
infection (associated With severe disease) via a mechanism 
knoWn as cross-protection. It is thus a highly preferred 
embodiment of the invention to produce a vaccine based on a 
Lineage II strain that gives cross-protection against a Lineage 
I West Nile Virus in animals as Well as in humans. The B956 
strain (Lineage II) is just one example of such a strain, but 
those of skill in the art Would be able to identify other strains 
related to mild disease-causing strains and belonging to the 
Lineage II strains (for instance, those given in Table I) that 
provide cross-protection against severe disease-causing 
strains upon vaccination With a vaccine comprising the mild 
disease-causing strain. Other preferred lineage II strains are 
Madagascar 1978 and Cyprus 1968. 
[0047] In certain embodiments, the invention relates to a 
human cell having a sequence encoding at least one E1 gene 
product of an adenovirus in its genome and having a nucleic 
acid encoding a West Nile Virus. Preferably, the human cell 
having a sequence encoding at least one E1 gene product of an 
adenovirus in its genome and having a nucleic acid encoding 
a West Nile Virus is the cell line as deposited under ECACC 
no. 96022940, or a derivative thereof. 

EXAMPLES 

Example 1 

Infection of Cells With Strain West Nile B956 

[0048] Cells (as deposited under no. 96022940 at the Euro 
pean Collection of Animal Cell Cultures at the Centre for 
Applied Microbiology and Research) and useful in technolo 
gies as marketed as a platform by Crucell Holland B. V. under 
the trade name PER.C6®, Were banked and cultured as 
described (WO 01/38362). A series of cells Were cultured in 
T80 culture ?asks With 107 cells per ?ask and several dilu 
tions of West Nile Virus Were incubated With these cells. The 
strain that Was used Was West Nile B956 (lineage II) (Yam 
shchikov et al. 2001). The virus Was plaque puri?ed on Vero 






















