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ABSTRACT

The invention relates to an immunoglobulin composition
suitable for prophylaxis and/or treatment of a viral mediated
disease, disorder or condition and to methods of its prepara-
tion. In one embodiment, the invention provides a potent
intravenous immunoglobulin composition useful for the
treatment or prevention of a West Nile virus mediated disease,
disorder or condition.
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PRODUCTS FOR PROPHYLAXIS AND/OR
TREATMENT OF VIRAL DISEASES AND
METHODS OF MAKING AND USING SAME

FIELD OF THE INVENTION

[0001] The invention relates to prophylaxis and/or treat-
ment of a viral mediated disease, disorder or condition such as
West Nile Fever.

BACKGROUND OF THE INVENTION

[0002] West Nile Virus (WNV), a mosquito transmitted
virus of the Flaviviridae family (Scherret, Poidinger et al.
2001) is found in both tropical and temperate regions. It
infects birds, humans, horses, dogs, cats, bats, chipmunks,
skunks, squirrels, and domestic rabbits. The clinical manifes-
tations of WNV infection in humans range from asymptom-
atic seroconversion to severe meningoencephalitis with
symptoms including cognitive dysfunction, muscle weak-
ness, flaccid paralysis and death (Hayes and Gubler 2006).
Depressed immunity, age and genetic factors were correlated
with greater risk to contract the neurological disease due to
WNV infection (Yakub, Lillibridge et al. 2005). Currently
there is no effective therapy or vaccine for patients severely
infected with WNV but supportive care.

[0003] The West Nile Virus was first isolated from a fever-
ish adult woman in the West Nile District of Uganda in 1937.
The ecology was characterized in Egypt in the 1950s. The
virus became recognized as a cause of severe human menin-
goencephalitis in elderly patients during an outbreak in Israel
in 1957. The virus and disease further appeared in new geo-
graphical areas. Until 1999 West Nile Virus was found in
Africa, the Middle East, parts of Asia, southern Europe and
Australia. It then suddenly emerged in New York, and rapidly
spread throughout the United States causing considerable
acute morbidity and mortality (Steele, Linn et al. 2000; Nash,
Mostashari et al. 2001). West Nile Virus has been described in
Africa, Europe, the Middle East, west and central Asia, Oce-
ania (subtype Kunjin), and North America.

[0004] In 2000, there were 21 reported WNV cases in the
USA suffering from clinical presentations such as encepha-
litis, febrile disease, and meningitis. The disease caused 2
deaths. During 2003 the outbreak peaked in the United States
with a total of 9,862 cases involving severe meningitis or
encephalitis or fever and 264 deaths. During 2004-2007, there
were an average of about 3,350 cases in the USA and 130
deaths annually (CDC-USA 2008).

[0005] The presence of moderate titers of anti-WNV anti-
bodies in intravenous immunoglobulin (IVIG) produced
from Israeli plasma and treatment of two immunocompro-
mised patients suffering from severe WNV infection was
reported in two articles (Shimoni et al., 2001 and Hamdan et
al.,, 2002). A standard dose of 0.4 g/kg IVIG (Omr-IgG-am™
5%, OMRIX Biopharmaceuticals, IL) was administered to
two immunosuppressed Israeli patients with serologically
confirmed WNV encephalitis. The two patients suffered from
severe disease and were unconsciousness, or in deep coma
when treated with IVIG. The two articles reported possible
beneficial effects of the WNV-antibody positive IVIG that
reversed the course of the disease. However, not all batches of
Israeli IVIG are expected to be equally effective for treatment
ofa West Nile Virus related disease, disorder or condition. For
example, Hamdan et al., stated that: “The dramatic response
of this patient led to the discovery that certain batches of
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immunoglobulins from Israeli donors had high IgG titers
against WNV (11; E. Mendelson personal communication)”.
Nevertheless, during the years 2005-2007, IVIG produced
from Israeli plasma was anecdotally used in the USA for
treatment of a number of cases of severe WNV infection
without clear effectiveness (Shimoni et al., 2006, and Shi-
moni et al., patent application).

[0006] It was reported that there was a significant variabil-
ity in WNV antibody levels found in IVIG produced in the
USA after 2000, when the virus was already endemic in some
regions of the continental USA (Planitzer, Modrof et al.
2007). Thus, regular IVIG is far from serving as a reliable
source of immunoglobulin preparation to challenge WNV
outbreaks that are widely anticipated by the health commu-
nity.

[0007] U.S. Pat. No. 4,617,379 to Dobkin et al. describes a
method for the preparation of cytomegalovirus (CMV) hyper-
immune serum globulin. Human CMYV is a medically impor-
tant beta herpes virus carried by a majority of individuals,
where it is a leading cause of opportunistic and congenital
disease (Slobedman B. and ES Mocarski, 1999). Specific
antibody for CMV was reported to be found in at least 50% of
the population (Kondo et al., 1996). Thus, in order to produce
a hyperimmune serum globulin that has a specific titer by far
higher than the average population, Dobkin teaches prepara-
tion of serum globulin by screening plasma donations from
nonvaccinated donors and selecting and pooling only plasma
having a sufficiently high titer of antibody. For instance,
Dobkin plasma donations which showed a titer of antibody
equal to or greater than about 1:60,000 was pooled and used
in the Dobkin method for the preparation of the immune
serum globulin. The description of Dopkin is silent on the
isolation and pooling of all plasma from donors positive for
antibody specific to a pathogenic virus strain from a popula-
tion in a geographic area endemic to the virus in which the
percentage of seropositives to said virus in the population is
equal or less than 25%.

[0008] Currently, there is no effective universal and consis-
tent treatment or anti-viral therapy specific to WNV. Those
severely affected require intensive supportive therapy, often
involving prolonged hospitalization, administration of large
volumes of intravenous fluids, airway management, respira-
tory support, prevention or treatment of secondary infections
(pneumonia, urinary tract, etc.), and good nursing care. Con-
sequently, there is a long felt need for the rapid development
ofan effective drug to treat WNV infections and to serve as an
immediate countermeasure to the expected epidemic and
spread of WNV.

SUMMARY OF THE INVENTION

[0009] In one aspect, the invention provides a method for
the preparation of an immunoglobulin composition compris-
ing a high level of neutralizing antibody specific for a patho-
genic virus causing a new emerging disease, disorder or con-
dition in a target geographic area. The method comprises
screening blood or blood fractions of a plurality of donors
from a population of a geographic area endemic to the virus,
and isolating and pooling all blood or blood fractions of
donors that are positive for antibody specific to the patho-
genic virus strain. According to the invention, in such a popu-
lation the percentage of seropositive donors to the virus is not
more than 25%.

[0010] Inoneembodiment of the invention, the percentage
of seropositive donors to the virus is in the range 0f 1-15%. In
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another embodiment of the invention, the percentage of
seropositive donors to the virus is in the range of 8-13%.

[0011] In another embodiment of the invention, the screen-
ing of blood or blood fractions is carried out with a pathogenic
virus strain isolated from or nearby the target geographic
area.

[0012] In yet another embodiment of the invention, the
method further comprises processing the pooled blood or
blood fractions to an intravenous immunoglobulin composi-
tion.

[0013] In a further embodiment of the invention, the
method further comprises the step of aliquoting the immuno-
globulin composition in a low-volume unit dosage form.

[0014] In another embodiment of the invention, the virus is
West Nile Virus (WNV), the geographic area endemic to the
virus is Israel and/or neighboring territories and the target
geographic area is in the United States.

[0015] Another aspect of the invention relates to a method
for the preparation of an immunoglobulin composition com-
prising a high level of anti-West Nile Virus (WNV) neutral-
izing antibody for treating or preventing a disease, disorder or
condition caused by WNV in a target geographic area. The
method comprises screening blood or blood fractions of a
plurality of donors from a population of a geographic area
endemic to the virus, and isolating and pooling all blood or
blood fractions of donors that are positive for antibody
against WNV. According to the invention, in such a popula-
tion the percentage of seropositives donors to the virus is not
more than 25%.

[0016] Inoneembodiment of the invention, the percentage
of seropositive donors to the virus is in the range 0of 1-15%. In
another embodiment of the invention, the percentage of
seropositive donors to the virus is in the range of 8-13%.

[0017] In an embodiment of the invention, the blood or
blood fractions are positives for WNV isolated from the target
geographic area.

[0018] Inanother embodiment of the invention, the method
further comprises processing the pooled blood or blood frac-
tions to an intravenous immunoglobulin composition.

[0019] In still another embodiment of the invention, the
method further comprises the step of aliquoting the immuno-
globulin composition in a low-volume unit dosage form.

[0020] In yet another embodiment of the invention, the
geographic area endemic to the virus is Israel and/or neigh-
boring territories and the target geographic area is in the
United States.

[0021] One object of the present invention is to provide a
potent immunoglobulin composition comprising high levels
of neutralizing antibodies specific for a pathogenic virus
causing a new emerging disease, disorder or condition in a
target geographic area, obtained by the above specified meth-
ods.

[0022] Another object ofthe invention is to provide a potent
immunoglobulin composition comprising high levels of anti-
bodies specific for WNV of a target geographic area, wherein
the composition comprises immunoglobulin from pooled
blood or blood fractions of donors that are all positives for
antibody against WNV, wherein such donors are from a popu-
lation of a geographical area endemic to WNV, and wherein
the composition has a high level of antibody against the WNV
of the target geographical area that is more than 5 times, 10
times, 11 times, or about 20 times higher than the level of
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anti-WNV antibody of immunoglobulin from a regular pool
of' blood or blood fractions of donors of the geographic area
endemic to the virus.

[0023] In another aspect, the invention relates to a vial or
pre-filled syringe containing a low-volume unit dosage of the
composition according to the invention.

[0024] In yet another aspect of the invention, the invention
provides a pharmaceutical composition for the treatment or
prevention of a WNV associated disease, disorder or condi-
tion in a target geographical area comprising a pharmaceuti-
cally acceptable carrier and an immunoglobulin composition
according to the invention.

[0025] In a further aspect of the invention, the invention
provides a method for treating or preventing a WNV associ-
ated disease, disorder or condition comprising administering
to a subject in need a therapeutically effective amount of an
immunoglobulin composition according to the invention.
[0026] Still another object of the present invention is to
provide a method for treating or preventing a WNV associ-
ated disease, disorder or condition which would require
administration of an unreachable excessive amount and/or
volume of IVIG from a regular pool of donors of the geo-
graphic area endemic to the virus, the method comprising
administering to a subject in need a therapeutically effective
amount of an immunoglobulin composition according to the
invention.

[0027] The invention also provides an efficient method for
screening and selecting blood or blood fractions having a high
level of neutralizing antibody specific for a pathogenic virus
causing a disease, disorder or condition from numerous blood
or blood fractions samples, using the steps of: screening
blood or blood fraction samples obtained from donors of a
population from a geographic area endemic to the virus using
an ELISA assay; and selecting blood or blood fractions of
donors that are positive for antibody specific for the patho-
genic virus, wherein in the population the percentage of
seropositives donors to the virus is not more than 25%.
[0028] Inoneembodiment of the invention, the percentage
of seropositive donors to the virus is in the range 0f 1-15%. In
another embodiment of the invention, the percentage of
seropositive donors to the virus is in the range of 8-13%.
[0029] In another embodiment of the invention, the patho-
genic virus is WNV.

[0030] In still another embodiment of the invention, the
ELISA assay is carried out in an automated system.

[0031] A further aspect of the invention is to provide a
composition for the treatment or prevention of a WNV asso-
ciated disease, disorder or condition comprising blood or
blood fractions obtainable by the screening method specified
above.

[0032] In yet a further aspect, the invention provides a
method for treating or preventing active encephalitis caused
by West Nile Virus by administering to a subject in need a
therapeutically effective amount of a composition according
to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 shows anti-WNV titers in Arbitrary Units
(AU/ml) in intravenous immunoglobulin (Omr-IgG-am™)
produced from Israeli plasma between 1998 and 2003.
[0034] FIG. 2 shows anti-WNV titers in Arbitrary Units
(AU/ml) in intravenous immunoglobulin (Omr-IgG-am™)
produced from Israeli plasma between 2004 and 2006.
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[0035] FIG. 3 shows thedistribution of anti-WNV antibody
titer in single positive plasma units in 2002.

[0036] FIG. 4 shows thedistribution of anti-WNV antibody
titer in single positive plasma units in 2006.

[0037] FIG. 5 shows survival among WNV-infected mice.
Groups of 4-week old BALB/c mice were inoculated with 2
plaque forming units (PFU; diamond), 5 PFU (square), 20
PFU (triangle), or 100 PFU (cross) of West Nile Virus; strain
NY 385-99 (NY99).

[0038] FIG. 6 shows survival of 2-20 PFU inoculated mice
plotted against the relevant inoculums.

[0039] FIG. 7 shows the effect of IVIG administration on
survival among mice infected with 20 PFU (4xLD50) of
NY99 WNV. Groups of 4-week old BALB/c mice were
inoculated with WNV and 4 hours later the animals were
given different quantities of WNIG (W), Israeli IVIG (IS), or
US IVIG (US). The broken line represents survival of control
animals receiving virus only.

[0040] FIG. 8 shows the effect of IVIG administration on
survival among mice infected with 100 PFU (20xLD50) of
NY99 WNV. Groups of 4-week old BALB/c mice were
inoculated with WNV and 4 hours after challenge the animals
were given different quantities of WNIG (W), Israeli IVIG
(IS), or US IVIG (US). The broken line represents survival of
control animals receiving virus only.

[0041] FIG. 9 shows mean change of weight compared to
day “0” among animals infected with 20 PFU (4xLD50) of
NY99 WNV and the effect of IVIG administration. Groups of
4-week old BALB/c mice were inoculated with WNV and 4
hours later the animals were given different quantities of
WNIG (W), Israeli IVIG (IS), or US IVIG (US). Mean weight
was calculated for all surviving animals on each day.

[0042] FIG. 10 shows mean change of weight compared to
day “0”” among animals infected with 100 PFU (20xLD50) of
NY99 WNV and the effect of IVIG administration. Groups of
4-week old BALB/c mice were inoculated with WNV and 4
hours later the animals were given different quantities of
WNIG (W), Israeli IVIG (IS), or USIVIG (US). Mean weight
was calculated for all surviving animals on each day.

[0043] FIG. 11 shows the effect of a low dose of IVIG
administration on survival of mice after infection with 50
PFU (10xLD50) of NY99 WNV. Groups of 5-week old
BALB/c mice were inoculated with WNV and 4 hours later
the animals were given a single injection of 0.05, 0.025 or
0.01 mg of WNIG or 0.25 mg IVIG-IS. Mortality was moni-
tored for a period of 21 days.

[0044] FIG. 12 shows the effect of late IVIG administration
on survival among WNV-infected mice. Groups of 4-week
old BALB/c mice were inoculated with 50 PFU of NY99
strain. Each group of animals was treated with 2 doses of2 mg
of WNIG on days 2 and 4 (diamonds); IVIG-IS on days 2 and
4 (Squares); WNIG on days 3 and 5 (triangles) or IVIG-IS on
days 3 and 5 (asterisk). Mortality was monitored for a period
of 11 days.

[0045] FIG. 13 shows the effect of late IVIG administration
on survival among WNV-infected mice monitored for a
longer period of time. Groups of 5-week old BALB/c mice
were infected with 50 PFU of NY99 strain and treated with 2
doses of 2 mg of WNIG or IVIG on days 2 and 4 or days 3 and
5. Mortality was monitored for a period of 21 days.

DESCRIPTION OF EMBODIMENTS OF THE
INVENTION
[0046] In one aspect, the invention provides a method for
the preparation of an immunoglobulin composition compris-
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ing a high level of neutralizing antibody specific for a patho-
genic virus causing a new emerging disease, disorder or con-
dition in a target geographic area, the method comprising
screening blood or blood fractions of a plurality of donors of
apopulation from a geographic area endemic to the virus, and
isolating and pooling all blood or blood fractions of donors
that are positive for antibody specific to the pathogenic virus.
[0047] The term “new emerging disease, disorder or con-
dition” refers to an infectious disease, disorder or condition
that has newly appeared in a particular geographic area. Such
disease, disorder or condition may be known for some time
but is rapidly increasing in incidence or geographic range.
[0048] The pool of selected blood or blood fractions can be
processed to an intravenous immunoglobulin composition. In
one embodiment of the invention, the viral strain used to
screen positive donors in the endemic population is isolated
from the target geographic area or nearby the target geo-
graphic area. In a further embodiment of the invention, the
screening of blood or blood fractions comprising antibody
specific to the pathogenic virus in the endemic population is
carried out by a specific ELISA. The term “neutralizing anti-
body” refers to an antibody having a binding specificity to a
particular antigen over other antigens. This antibody reacts
with specific antigen(s) or determinant(s) of an infectious
agent (usually a virus) and destroys or inhibits its infectivity
and virulence. In one embodiment of the invention, the anti-
body binds an antigen associated with West Nile Virus and
destroys or inhibits its infectivity and virulence.

[0049] The term “blood fraction” refers to a fraction of
whole blood comprising immunoglobulins such as plasma.
[0050] Immunoglobulin preparations prepared from
plasma originated from donors of a population in a geo-
graphic area endemic to the West Nile Virus (WNV) contain
anti-WNV antibodies. Since WNV has been endemic in Israel
for many years, a portion of the population has a history of
exposure to the virus. Thus, intravenous immunoglobulin
(IVIG) prepared from regular (unscreened) plasma of pooled
Israeli blood donors (e.g. Omr-IgG-am™) contains anti-
WNV antibodies. It was found according to the invention that
IVIG preparations produced from donors living in endemic
region such as Israel but processed in different years or even
within a single year contain variable ranges of WNV antibod-
ies (FIGS. 1 and 2).

[0051] The method of the invention allows the preparation
of a consistent and potent immunoglobulin composition
(WNIG) for treatment or prevention of a West Nile virus
related disease, disorder or condition. It was shown according
to the present invention that WNIG comprises a high level of
specific anti-WNV neutralizing antibody.

[0052] The method of the invention for producing a high
titer immunoglobulin composition comprises screening
blood or blood fractions of a plurality of donors from a popu-
lation of a geographic area endemic to the WN virus that has
a percentage of equal or less than 25% seropositives, such as
Israel and neighboring territories, and isolating and pooling
all blood fractions of seropositive donors for WNV antibody.
In one embodiment of the invention, further processing of the
pooled plasma to intravenous immunoglobulin composition
is carried out. According to the invention, the population of
the geographic area endemic to the virus has a percentage of
positive donors that is not more than 25%, or in the range of
1-15% or 8-13% of the total of donors tested.

[0053] The term “area endemic to the virus” refers to a
particular location, region, or people of a certain class in



US 2010/0143377 Al

which the viral disease, disorder or condition is or was con-
fined to or found in. The disease, disorder or condition can
constantly exist in the particular location, region, or people of
the certain class. Also, the disease, disorder or condition can
have visible symptoms or hidden symptoms. The endemic
disease, disorder or condition can be spread by vectors,
through direct human contamination, or by any other way
known in the field of epidemiology.

[0054] Thepool of selected blood or blood fractions may be
purified and/or concentrated using well known techniques for
preparing IVIG solutions. Examples of such techniques are
disclosed in U.S. Pat. No. 6,468,733 (Nur and Bar, 2002) and
International PCT Publication W099/18130 (Nur, 1999)
whose contents are incorporated by reference. The method
disclosed in the above U.S. patent reduces the level of protein
aggregates in the concentrated immunoglobulin solution and
enables the final product to reach a level of 10% protein with
a low level of aggregates for IV administration. For example,
a method for the purification of immunoglobulins from a
source solution such as Cohn Fraction II may comprise: (a)
pre-treating a cation exchange resin with an acidic solution
having a pH of 4.0-4.5; (b) contacting the source solution with
the cation exchange resin; and (¢) eluting the immunoglobu-
lins bound to the cation exchange resin. Prior to contact with
the cation exchange resin, the source solution may be treated
with an organic solvent and detergent.

[0055] The term “positive donors or seropositive donors”
relates to donors exhibiting detectable levels of antibody
against the specific virus. In one embodiment the virus is
WNV.

[0056] The presence of the specific antibody in the sample
can be measured by a variety of methods such as a biochemi-
cal assay, a biological assay or by any other technique known
in the field of immunology.

[0057] The method may be performed where the antigen is
immobilized on a solid support such as an ELISA plate. In
such an embodiment, the solid support to which the antigen is
bound is contacted with the tested sample containing the
antibody under conditions such that any specific antibody
present in the sample binds to the bound antigen and forms a
complex therewith, and any non specific antibody which is
not bound to the complex is removed. The antigen used on the
solid support can be inactivated, for example, by beta-propi-
olactone inactivation. The tested samples can be diluted in
order to fit the linear range. The presence of antibody in the
sample can then be qualitatively or quantitatively determined
using a standard sample.

[0058] Several variations of ELISA testing may be
employed, including indirect ELISA, sandwich ELISA, and
competitive binding (Current Protocols in Immunology
Copyright © 2007 by John Wiley and Sons, Inc. Last updated:
22 Feb. 2008 Chapter 2.1). An automated ELISA system can
be used in order to allow multiple screening, for example, by
using an automated instrument.

[0059] After determining the titers of antibodies against
WNYV, all blood or blood fraction samples having detectable
levels of antibody specific for WNV are pooled for the prepa-
ration of the high titer immunoglobulin composition.

[0060] A detectable level can be a minimal value or cut-off
which is considered positive.

[0061] The minimal value is defined as 40% of the middle
range of the linear curve multipled by the dilution required to
bring the sample to the linear response range. For example,
when the dilution required in order to remain within the linear
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range is 1:50 and the linear range is 1-10 AU/ml, the minimal
value is 100 AU/ml. All plasma units having a titer lower than
100 AU/ml are considered negative.

[0062] In an embodiment of the invention, a standard
sample with approx. 100 AU/ml is designated as “low-posi-
tive”. The low-positive standard sample is tested at 1:50 dilu-
tion in order to remain within the linear range and each blood
orblood fraction sample is diluted 1:100. The diluted samples
and standard are measured by spectrophotometer at 405 nm.
Each sample having an Optical Density (OD) higher than the
“low-positive” sample is considered positive.

[0063] In another embodiment of the invention, the cut-off
is 100 AU/ml, as measured by ELISA as exemplified below.

[0064] The term “Arbitrary Units” refers to an arbitrary
antibody titer measure, calculated using the ELISA immu-
noassay such as the one described below.

[0065] ELISA can be carried out as follows: 100 nl of
inactivated WNV (NY99) (beta-propiolactone inactivation;
final concentration 0of 0.001%) was diluted (1:500) in carbon-
ate buffer (pH=9.6), bound to the surface of a microtiter plate
and incubated overnight at 4° C. Afterwards, the coating
buffer was decanted, and the plates were washed three times
with washing buffer (PBS containing 0.5% Tween 20 and
0.02% sodium azide). The plates were then blocked for 1 hour
at 37° C. with 200 nl of blocking buffer (0.5% I-block and
10% goat serum). After three additional washes, 100 nl of the
samples and the controls were added. Samples containing the
specific immunoglobulin G (WNV antibodies) such as serum
or plasma samples, calibration standards and controls were
diluted in blocking buffer in order to fit the standard curve
range, pipetted into the wells and incubated for 1 hour at 37°
C. in a humidified atmosphere. A positive control (650
AU/ml) and a negative control (<50 AU/ml) were run in each
plate. All measurements were tested in duplicates. WNV anti-
bodies present in the sample bind to the immobilized WNV
inactivated antigen. Unbound material was removed by three
washes. In a second step, 100 nl Goat anti Human IgG con-
jugated to Alkaline Phosphatase diluted 1:1000 in blocking
buffer was added into the wells and the ELISA plate was
incubated for 1 hour at 37° C. in humidified atmosphere. After
incubation, unbound conjugate was removed by 3 washes.
The enzymatic activity of Alkaline Phosphatase was revealed
after 1 hour incubation at room temperature by its reaction
with 100 nl p-nitrophenyl phosphate substrate. The measure-
ment was done photometrically at 405 nm. The titer of each
serum and control sample was calculated by using the absor-
bance at 405 nm plotted against the log transformation of
calibrator concentration.

[0066] To allow quantitative measurements, specific posi-
tive plasma was designated as a calibration standard and
assigned a value of 2000 AU/ml of WNV antibodies. This
plasma was diluted, and the range of 1-10 AU/ml was found
to have linear characteristics when the log-transformation of
concentration was related to the observed optical density at
405 nm. This range was used as a working range to establish
a linear standard curve for quantification of unknown
samples.

[0067] In another further embodiment of the invention, a
bioassay such as plaque reduction neutralization tests
(PRNTSs) can be used in order to determine the positive units.
[0068] The term PRNT refers to a reduction in plaque
counts, e.g. the PRNT titer PRNTS50 is based on a 50% or
greater reduction in plaque counts. The assay can be per-
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formed in an in-vitro setting in various cell types, for example
Vero cells isolated from kidney epithelial cells extracted from
African green monkey.

[0069] The PRNT titers can be calculated by counting
plaques and reporting the titer as the reciprocal of the last
serum dilution to show >50% reduction of the input plaque
count as compared to the control input plaques.

[0070] The PRNT assay can be very cumbersome and
might not be adapted to high throughput samples. This assay
involves a fully equipped virological lab with the capabilities
of continuous culturing of viruses and cell culture in a highly
classified control environment.

[0071] Animal models for WNV infection can be used in
order to assess the in-vivo efficacy of the immunoglobulin
preparation in preventing and treating West Nile Fever
(WNF), such as the mouse lethal model. For example, in the
mouse lethal model, 4-5 weeks old mice can be inoculated
intraperitoneally (IP) with different amounts of stock virus.
The WNV challenge dose can be expressed as a multiplica-
tion of the dose required to kill half the members of the tested
population (Lethal dose 50; LD50) which can be calculated
by an Excel software or by any other well known technique.
The treatment or prevention procedure can be carried out in
the animal model as follows. In a post-exposure prophylactic
animal model of WNV infection, the immunoglobulin prepa-
ration can be given IP four hours after challenge with WNV.
In a treatment model, the immunoglobulin preparation can be
given IP on day 2 post WNV challenge when the viremic
phase reaches a peak, or ondays 3-4 post challenging when an
infection of the central nerve system (CNS) occurs.

[0072] As mentioned, the method for producing the high
titer immunoglobulin composition of the invention can com-
prise screening blood or blood fractions of a plurality of
donors from a population of a geographic area endemic to the
virus and isolating and pooling all positive positive plasma
units.

[0073] According to the invention, highly efficacious
immunoglobulin can be produced from donors living in
WNV endemic regions by selection of plasma from the por-
tion of donors with detectable WNV antibodies. According to
the invention, the percentage of positive donors in the popu-
lation of the geographic area endemic to the virus is not more
than 25%, or in the range of 1-15% or 8-13% of the total of
donor tested. In another further embodiment of the invention,
the percentage of positive donors in the population of the
geographic area endemic to the virus is about 10%.

[0074] Screening of positive donors for WNV can be car-
ried out employing a virus isolated from a target geographic
area or nearby. A target geographic area is, for example, an
area in which a WNV epidemic is expected or there is spread
of WNV. A nearby area is an area neighbouring the target area
and can be located e.g. in the same country as the target area
or same continent. In one embodiment of the invention, the
composition is intended for use in an area of the United States
in which the virus causes a new emerging disease, disorder or
condition (the target geographical area), and the screening of
positive is carried out with Israeli donors using a virus strain
isolated from said area of the United States or a neighbouring
area of the target area in the USA. Thus, in this case the
plasma donors are from a geographic area endemic to the
virus whereas the virus used for screening of positive donors
is originated from a target area or nearby, which is far away
(e.g. a different continent) from the geographical area of the
donors.

Jun. 10, 2010

[0075] The geographic endemic area and the target area can
be located within the same territory, wherein the virus is
endemic in some regions of that territory, for example, the
endemic area and the target area can both be from different
and neighboring areas of the USA territory.

[0076] In another aspect, the invention provides an immu-
noglobulin composition (e.g. WNIG) obtainable by the above
method(s) of the invention. For example, the invention pro-
vides an immunoglobulin composition comprising immuno-
globulin from a pool of plasma donors of a geographical area
endemic to the West Nile virus, like Israel and neighboring
territories, wherein all the donors in the pool are positive for
West Nile virus, such as WNV isolated from the target area,
for example the an area located at the United States. The high
titer immunoglobulin composition of the invention has the
advantage that it is more consistent and potent than regular
(unscreened and pooled) immunoglobulin composition from
an endemic area to the virus, since the high titer immunoglo-
bulin composition is obtained from pooling individually
screened and selected blood or plasma positive for WNV
antibody against the specific virus which may be from the
target geographic area or near the target area. The high titer
immunoglobulin composition of the invention has at least 5
times, about 10, or more than 10 times higher titer, such as 11
times higher titer, of anti WNV neutralizing antibody com-
pared to regular immunoglobulin composition from a pool of
un-selected donors from, or living in a geographic area
endemic to the virus and therefore is more potent. In one
embodiment of the invention, the levels of antibodies in the
high titer immunoglobulin composition specific for WNV are
at a titer of greater than or equal to 7600 AU/ml when mea-
sured using an ELISA assay as exemplified below and/or have
aneutralizing activity of greater than or equal to 9900 WNU/
ml when measured using PRNTS50 assay as exemplified
below.

[0077] The use of a high titer immunoglobulin composi-
tion, having high titer and being more potent than regular
un-selected endemic immunoglobulin, is also advantageous
because, if needed, more WNV specific neutralizing active
antibodies can be administered in a reasonable volume via
intravenous, intramuscular, or subcutaneous route. Also,
titers of the immunoglobulin composition of the invention
which are similar to unscreened IVIG can be administered in
smaller volumes and therefore can be easily used under field
conditions by any trained emergency personnel. The high titer
immunoglobulin composition of the invention can be formu-
lated in small and easy to use pre-filled syringes or vials.
[0078] In one aspect, the invention relates to a method for
treating or preventing a WNV associated disease, disorder or
condition comprising administering to a subject in need an
immunoglobulin composition of the invention. A WNV asso-
ciated disease, disorder or conditions includes, but is not
limited to, West Nile Fever, flu-like symptoms such as fever,
headache and possibly a rash, West Nile Neurological Syn-
drome, neuroinvasive disease, including meningitis,
encephalitis, or acute flaccid paralysis. People who contract
WNYV usually experience only mild symptoms—fever, head-
ache, body aches, skin rash, and swollen lymph glands. How-
ever, if the virus penetrates the brain, it can cause life-threat-
ening encephalitis or meningitis.

[0079] The immunoglobulin compositions of the invention
can be administered by routes that lead to systemic absorp-
tion. Non limiting examples of administration routes include,
but are not limited to, intravenous, subcutaneous, intraperi-
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toneal, and intramuscular. The administration can be carried
out in an initially higher dose followed by the same or lower
doses at intervals. The higher doses can be intended to rapidly
increase the patient’s immunoglobulin concentration to an
efficacious target concentration.

[0080] The term “intravenous” refers to administration of
the composition into the vein of an animal or human patient.
The administration can be intermittent or by continuous drip-
ping. The term “intermittent™ is synonymous with the term
“intravenous bolus” or “intravenous push”.

[0081] The term “subcutaneous” refers to introduction of
the composition by injection under the skin of an animal or
human patient. The injection can be carried out by creating a
pocket such as by pinching or drawing the skin up and away
from underlying tissue. Optionally, the infusion may be car-
ried out by subcutaneous implantation of a drug delivery
pump implanted under the skin of the patient. The pump can
deliver a predetermined amount of the immunoglobulin at a
predetermined rate for a predetermined period of time.

[0082] By “intramuscular” is meant an introduction of the
immunoglobulin directly into a muscle. The injections can be
given into any muscle including, but not limited to, the del-
toid, vastus lateralis, ventrogluteal and dorsogluteal muscles.
The administration can be carried out at multiple locations.

[0083] “Intraperitoneal injection” refers to the injection of
the immunoglobulin into the peritoneum. The method can be
used in animals.

[0084] Inprinciple, smaller volumes could be achieved also
by using Hyperimmune immunoglobulins selected from vac-
cinated subjects (US Patent Publication No. 20070037170
(Nur et al. 2007)). However, plasma selected from positive
donors from endemic areas can be superior to plasma from
vaccinated donors since plasma from a healthy subject recov-
ering from a large variety of infectious viral permutations
produces a humoral response that “cured” them of infectious
agent. This approach is also of advantage when vaccine is not
available as in the case of West Nile Virus. On the other hand,
many endemic viruses, such as hepatitis virus and CMV, can
be found at high percentages in the population and therefore
further selection of blood or plasma of positive donors and
pooling plasma from all positive donors may not be of further
advantage. In fact, we found according to the invention that in
Israel only 8%-13% of the individual plasma units were posi-
tive for anti-WNYV antibody. These results indicated that it is
possible to develop a highly potent preparation of immuno-
globulin composition for treating or preventing WNV asso-
ciated disease based on selecting and pooling all blood and/or
blood fractions from a small percentage of donors positive for
the virus in an endemic area. In one embodiment of the
invention, the selection for positive Israeli donors is carried
out employing a West Nile virus strain isolated from a target
area in the United States. The high titer immunoglobulin
composition of the invention has more than 2 times, at least 5
times, about 10 or more than 10 times higher titer, such as 11
times higher titer, in anti WNV neutralizing antibody com-
pared to regular non-screened IVIG from a pool of un-se-
lected donors from, or living in, a geographic area endemic to
the virus and therefore is more potent than non-screened
IVIG. Also, a preparation selected in this way provides more
consistent and better performance in a target area.

[0085] The method of the invention enables selection of
WNV neutralizing blood or blood fractions resulting in
highly potent immunoglobulin composition. Thus, more
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potent immunoglobulin composition can be provided in
lower volume unit dosage form, such as a vial or a pre-filled
syringe.

[0086] The term “low volume unit dosage form” refers to a
dosage form which can be administered to a patient in a single
dispensation, usually by injection. In this form, the patient
can receive a complete individual treatment in one, brief
administration. Thus, in another aspect, the invention pro-
vides a vial or pre-filled syringe containing a low-volume unit
dosage of the composition according to the invention. Non
limiting examples of volumes of the high titer immunoglo-
bulin composition of the invention which can be used in
therapy are 0.5 ml, 2 ml, 10 ml, 30 ml, 50 ml, 100 ml, 500 ml,
1 liter, 2 liter and 3 liter.

[0087] Indeed, it was shown according to the invention that
the high titer immunoglobulin composition of the invention is
superior to regular Israeli IVIG in prophylaxis as well as in
treatment of established disease in an animal model inocu-
lated with different concentrations of NY99 WNV.

[0088] Thehigh titerimmunoglobulin composition accord-
ing to the invention contains at least about 11 and 10 times
more anti-WNYV antibodies than regular Israeli IVIG as mea-
sured by both ELISA and Plaque neutralization activity,
respectively. These in vitro results were consistent with the
high efficacy of WNIG in preventing and treating WNV infec-
tion in the mice model.

[0089] Survival of animals receiving 100 PFU (20xLD50)
and 20 PFU (4xLD50) was used as a measurement of the
efficacy of IVIG in prophylaxis of WNV infection. In both
cases the US-source IVIG gave very moderate protection
when given at the highest dose 0f 2.0 mg/mouse (equivalent to
120 mg/kg). In the case of WNIG, complete protection was
achieved with as low as 0.1 mg/mouse (equivalent to 6
mg/kg).

[0090] Regular IVIG from Israeli donors gave relatively
good protection ranging between 75-87% with 0.5 mg/mouse
(equivalent to 30 mg/kg) but had only 12% protection at the
lowest dose of 0.1 mg/mouse. Thus, treatment with the high
titer immunoglobulin composition of the invention is more
effective since it is at least 5 times more potent than regular
IVIG and at least 20 times more potent than US-source IVIG;
consequently administration of lower doses is possible.
[0091] Thus, the invention provides a pharmaceutical com-
position for the treatment or prevention of a WNV associated
disease, disorder or condition comprising a pharmaceutically
acceptable carrier and an immunoglobulin composition com-
prising immunoglobulin from a plurality of donors of a popu-
lation of a geographical area endemic to the virus, wherein all
the donors contain a detectable titer of anti WNV antibody to
WNV, particularly to WNV strain from the target area,
thereby having a consistent high titer and high levels of anti
WNV neutralizing antibody which are more than 2 times, at
least 5 times or about 10 or more than 10 times higher than
those of regular IVIG from a pool of un-selected donors from
the geographic area endemic to the virus.

[0092] The term “pharmaceutically acceptable carrier”
refers to a carrier which is suitable for an intravenous, sub-
cutaneous and/or intramuscular injection. Non-limiting
examples of carriers are: saline, water, emulsions and mix-
tures of organic solvents.

[0093] The immunoglobulin composition can also com-
prise excipients. As used herein the terms “excipient” refers
to an inert substance which is added to the pharmaceutical
composition. Examples of excipients include, but are not
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limited to, various sugars, such as maltose or sucrose, or
serum proteins, such as albumin.

[0094] The immunoglobulin composition is purified from
infective particles. The purification procedure can be carried
out by filtration, solvent/detergent treatment, heat treatment,
such as, but not limited to, pasteurization, gamma or UVC
(<280 nm) irradiation, or by any other method known in the
art.

[0095] Theterm “infective particle” refers to a microscopic
particle, such as, but not limited to, a microorganism or a
prion, which can infect or propagate in cells of a biological
organism. The infective particles can be viral particles.
[0096] The inactivation procedure of infective particles can
be carried out by adding an inactivating molecule to the
composition prior to and/or during the purification procedure.
The added molecules and their products can be removed by
gravitation, column chromatography or by any other method
known in the art. The removal of infective particles can be
carried out by filtration or by selective absorption methods
such as affinity, ion exchange or hydrophobic chromatogra-
phy.

[0097] A multi-step viral inactivation procedure can be car-
ried out. For example, the composition can be subjected to
solvent/detergent treatment, heat treatment, selective chro-
matography and filtration.

[0098] Survival of animals receiving 50 PFU (10xLD50)
was used to assess the efficacy of 2 mg/mouse (equivalent to
120 mg/kg) IVIG on day 2 and 4 or 3 and 5 post WNV
infection. WNIG showed complete protection when treat-
ment was given on day 2 post infection. Regular IVIG
achieved relatively good protection with about 75% survival.
Treatment of mice 3 and 5 days post infection, in the encepha-
litis phase, with WNIG postponed the average death day and
achieved a higher survival rate compared to non-screened
Israeli plasma. Thus, treatment with the high titer immuno-
globulin composition of the invention during active encepha-
litis is effective and enhances the survival of the animals as
compared to IVIG-IS.

[0099] When higher quantities of WNIG, 8 mg/mouse
(equivalent to 480 mg/kg), were given on day 3 or on days 3,
5 and 10 post challenge with 50 PFU (single or triple injec-
tions, respectively) complete protection was achieved. Also,
treatment with 8 mg/mouse WNIG on day 4 or on days 4, 6
and 10 post challenge with 50 PFU (single or triple injections,
respectively) achieved relatively good protection with about
69% survival compared to 25% of the un-treated group.
[0100] Also, the invention provides a method of treatment
or prevention of a WNV associated disease, disorder or con-
dition comprising administering to a subject in need a thera-
peutically effective amount of an immunoglobulin composi-
tion comprising immunoglobulin from a plurality of donors
of a geographical area endemic to the virus, wherein all the
donors contain a detectable titer of anti WNV antibody. In one
embodiment the donors are positive for antibodies to a viral
strain from or nearby the target geographical area.

[0101] The term “therapeutically effective amount” refers
to the dose required to prevent, inhibit the occurrence, or treat
(relieve a symptom or all of the symptoms) the disease, dis-
order or condition. The effective amount can be measured
based on any change in the course of the disease in response
to the administration of the composition. The effective dose
can depend on the route of administration, the phase of the
disease (e.g., early or advanced) and other factors which can
be recognized by the skilled artisan.
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[0102] TItis one object of the invention to provide a method
of treatment or prevention of a WNV associated disease,
disorder or condition comprising administering lower protein
amounts than the standard protein amounts of IVIG. The
invention contemplates the administration, for example, of
equal or less than 0.4, or 0.1-0.2,0.2-0.3, 0.04-0.2,0.01-0.04,
or 0.02-0.2 g/kg of an immunoglobulin composition accord-
ing to the invention to a subject in need.

[0103] Insome difficult cases when using a common regu-
lar IVIG from an endemic region, very high levels of active
antibody, and thus very high volumes and very high protein
quantities (more than 0.4 g/Kg), are needed.

[0104] A WNV associated disease, disorder or condition
may require administration of unreachable excessive amount
or volume of IVIG from a regular pool of donors of the
geographic area endemic to the virus. The maximum allowed
amount of protein that can be administered is of about 2 g/kg.
[0105] The composition according to the invention solves
this technical problem since it was found to be significantly
more potent than the regular IVIG allowing administration of
more reasonable volumes and protein quantities.

[0106] The transport of antibodies across the blood brain
barrier (BBB) is inefficient and the possibility to treat or
prevent active encephalitis is of major concern. During active
infection the BBB becomes partially permeable, thus allow-
ing the penetration of significant quantities of antibodies to
the infected site. Using an immunoglobulin composition
which comprises high level of neutralizing antibody directly
increases the specific antibody levels in the brain even before
active disease in the BBB and thus can prevent active
encephalitis.

[0107] Thus, also subject matter of the invention is a
method for treating or preventing a WNV associated disease,
disorder or condition which requires administration of what
would have been an unreachable excessive amount or volume
of immunoglobulin from a regular pool of donors of the
geographic area endemic to the virus, the method comprising
administering to a subject in need a therapeutically effective
amount of an immunoglobulin composition according to the
invention.

[0108] It was shown according to the invention that an
immunoglobulin preparation or composition comprising
immunoglobulin from a plurality of donors which all of them
contain a detectable titer of antibodies to West Nile Virus
NY99 WNV, having more than 2 times, at least 5 times, about
10 or more than 10 times higher titer, and about 11 times
higher titer and level of anti WNV neutralizing antibody
compared to regular non-screened IVIG from a pool of un-
selected donors from, or living in a geographic area endemic
to the virus, can be used as a consistent and potent preparation
for treatment or prevention of WNV infection, WNF and/or
encephalitis induced by WNV. In one embodiment an Israeli
high titer immunoglobulin composition was produced by
selection of positive titers in Israeli plasma donors with a non
local West Nile virus to increase the probability that the
preparation will be equally effective for a non Israeli affected
population.

[0109] It was surprisingly found according to the present
invention that 0.1 mg/mouse WNIG had similar protective
efficacy as 0.5 and 2 mg/mouse IVIG from Israeli pooled
plasma and that 0.025 and 0.05 mg/mouse WNIG and 0.25
mg/mouse IVIG from Israeli pooled plasma lead to similar
survival level.
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[0110] Thus, the invention provides high titer immunoglo-
bulin compositions or preparations that are more than 2 times,
at least 5 times, or about 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, or 20 times more potent against WNV in a target
area compared to regular IVIG from an endemic area, such as
Israel and neighboring territories.

[0111] The anti-WNV antibody levels of the high titer
immunoglobulin composition of the invention was 10-11
folds higher than regular IVIG from Israeli plasma as mea-
sured by the neutralization activity and by ELISA. For
example, a preparation of regular IVIG prepared in 2003 had
a titer of 668 Arbitrary Units (AU)/ml and a neutralizing
activity of 1032 PRNT50 West Nile Units (WNU)/ml while
the high titer immunoglobulin composition prepared accord-
ing to the invention had a titer of 7608 AU/ml and a neutral-
izing activity of 9900 PRNT50 WNU/ml.

[0112] Yetin another aspect, the invention provides an effi-
cient method for screening and selection of blood or blood
fraction comprising high level of neutralizing antibody spe-
cific for a pathogenic virus causing a disease, disorder or
condition from numerous blood or blood fraction samples
comprising the steps of: screening blood or blood fraction
samples obtained from donors of a geographic area endemic
to the virus using an ELISA assay; and selecting positive
blood or blood fractions of donors that are positive for said
pathogenic virus.

[0113] The positive blood or blood fractions refer to a
detectable level or cut-off as specified above. In one embodi-
ment of the invention, the cut-offtiter is 10 AU/ml, 20 AU/ml,
30 AU/ml, 40 AU/ml, 50 AU/ml, 60 AU/ml, 70 AU/ml, 80
AU/ml, 90 AU/ml or 100 AU/ml, as measured by ELISA as
exemplified below.

[0114] In another embodiment of the invention, the cut-off
is 100 AU/ml, as measured by ELISA as exemplified below.
[0115] According to the invention, the geographic area
endemic to the virus exhibits not more than 25%, or in the
range of 1-15% or 8-13% of specific antibody, such as 10% of
the total of blood or blood fractions tested.

[0116] Yet, in another further embodiment of the invention,
the pathogenic virus is WNV. Several variations of ELISA
testing can be used in order to determine level of neutralizing
antibody in the plasma units, including, but not limited to,
indirect ELISA, sandwich ELISA, and competitive binding.
Also, an automated ELISA system can be used, for example
by using an automated instrument, in order to allow multiple
screening.

[0117] Subject matter of the present invention is also a
pharmaceutical composition for the treatment or prevention
of a WNV associated disease, disorder or condition using a
blood or blood fraction screened by the above specified
method.

[0118] The following are advantages of the intravenous
immunoglobulin composition (WNIG) of the invention as
anti-viral therapy specific to WNV: the intravenous immuno-
globulin composition is more consistent and up to 20 times
more effective than regular IVIG from endemic area and
therefore is more suitable for treating or preventing a disease,
disorder or condition caused by WNV (such as encephalitis
and meningitis) in an infected area and can serve as an imme-
diate countermeasure to the expected epidemic and spread of
WNV; more immunoglobulin composition (e.g., 5 to 10 to 20
times more potent immunoglobulin) can be administered in a
suitable volume, e.g., the intravenous immunoglobulin com-
position (WNIG) may be administered in up to 3 liter for
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treating more severe cases, such as immunocompromised
WNV infected patients; low volume-aliquots of the intrave-
nous immunoglobulin composition (WNIG) can be prepared
for easy administration, for example, by non trained person-
nel.

[0119] There is a need for the rapid development of a
therapy to treat emerging epidemic diseases caused by a new
virus. Thus, the results obtained according to the invention
have far-reaching consequences in terms of other currently
untreatable new emerging diseases caused by viruses. Isola-
tion and recognition of the new virus causing the disease, and
development of diagnostic tests such as ELISA, bioassay or
based on specific PCR for the specific pathogen followed by
the method of preparation including screened blood or
plasma as generally thought by the invention can be used for
rapid development of a therapy for the new disease, disorder
or condition caused by a viral pathogen.

[0120] According to the invention, un-screened IVIG from
a WNV endemic area is not efficient for treatment against
severe WNV infection since the level of specific antibodies in
the IVIG is too low. In contrast, the high titer immunoglobulin
composition of the invention, which is produced based on
selection of plasma units from a small fraction of blood
donors, contains high level of neutralizing antibody specific
for WNV, resulting in a highly efficient composition for pro-
phylaxis or treatment of WNV encephalitis.

[0121] The concept of the method of the invention can be
used to find therapy for diseases caused by additional patho-
genic viruses, such as, Flaviviruses, for example, Yellow
Fever and Dengue; arenaviruses, for example Junin, Gua-
narito, Sabia, Machupo, WhitewaterArroyo, Lassa and
LCMYV; Filoviruses, for example Ebola and Margburg; and
other viruses such as HCV, RSV, and Infuenza. IgG prepara-
tions according to the invention could then be developed from
selected plasma samples and formulated for convenient IV or
IM administration. This method provides the basis for the
treatment of a number of dangerous and previously untreat-
able viruses.

[0122] Vaccination (with an active vaccine) and passive
immunization are two complementary approaches that can be
used together to treat an emerging disease. Vaccination may
be used as a prophylactic measure to protect at-risk popula-
tions, while the high titer immunoglobulin composition of the
invention may be used to treat patients who are already
infected or as a prophylactic alternative to populations when
immediate protection is needed or for subjects excluded from
a vaccination program, e.g., infants, pregnant women,
patients receiving immunosuppressive treatment, or other
immunocompromised patients. Indeed, administration of
WNIG of the invention to immunosuppressed mice chal-
lenged with WNV resulted in complete protection (see Table
6).

[0123] The disclosure of ranges in the description of the
invention is easily understood by the skilled person. It means
the disclosure of continuous values and figures between the
limits of the ranges, including the limiting figures and values.
[0124] The disclosure of applications, patents and publica-
tions, cited above or below, is hereby incorporated by refer-
ence.

[0125] The following examples are illustrative but not lim-
iting.
EXAMPLES
Materials and Methods
[0126] WNYV Antigen preparation for ELISA Assay: Vero

cell line (ATCC #CRIL-1587), originally derived from kidney
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of normal African Green Monkeys, was seeded at a concen-
tration of approximately 5x10° cells per ml in DMEM with
4.5 g/l glucose, supplemented with 10% FCS, 2 mM
L-Glutamine, 1 mM Sodium pyruvate, 0.15% Sodium bicar-
bonate, 1% Penicillin-Streptomycin-Amphotericin B solu-
tion, 50 ng/ml Gentamycin sulfate and Nonessential amino
acids, and incubated over night at 37° C., 5% CO,. On the
next day, the medium was replaced with WNV (1x10° PFU/
ml diluted in MEM supplemented with 2% FCS and as indi-
cated above) and returned to the incubator until a cytopathic
effect (CPE) was observed (when about 50% of the cells were
detached). Then, the cells and medium were collected and
subjected to centrifugation at 1000 g for 10 min at 4° C. The
precipitated cells were washed three times with wash solution
(50 mM Tris, 50 mM EDTA, 150 mM NaCl, pH 7.2) and then
re-suspended in TE buffer (50 mM Tris, 0.5 mM EDTA; pH
8.7) (1 ml per 185 cm? flask). The solution was then subjected
to three cycles of freezing and thawing and to centrifugation
at 20,000 g for 15 min at 4° C. The supernatant, which
contains the virus, was collected. The medium left from the
first centrifugation was subjected to ultracentrifugation at
40,000 rpm (rotor T-647.5) for 2 h at 4° C. The supernatant
was discarded and the pelleted virus was re-suspended in PBS
(1 ml per 50 ml medium). The virus produced from the cells
and from the medium was combined and inactivated with
beta-propiolactone (0.001% final concentration; Serva, cat
No. 33672.01). Inactivation was confirmed by plaque assay
and/or in 3 days old suckling mice.

ELISA: 100 pl of inactivated WNV (NY99) (prepared as
described in the previous paragraph) was diluted (1:500) in
carbonate buffer (pH=9.6), bound to the surface of microtiter
plate and incubated overnight at 4° C. Afterwards, the coating
buffer was decanted, and the plates were washed three times
with washing buffer (PBS containing 0.5% Tween 20 and
0.02% sodium azide). The plates were then blocked for 1 hour
at 37° C. with 200 p. 1 of blocking buffer (0.5% I-block
(Tropix, Bedford, Mass.) and 10% goat serum (Biological
Industries, Israel, Cat. No. 04-009)). After three additional
washes, 100 pl of the samples and the controls were added.
Samples containing the specific immunoglobulin G (WNV
antibodies), such as serum or plasma samples, calibration
standards and controls, were diluted in blocking buffer in
order to fit the standard curve range, pipetted into the wells
and incubated for 1 hour at 37° C. in a humidified atmosphere.
A positive control (650 AU/ml) and a negative control (<50
AU/ml) were run in each plate. All measurements were tested
in duplicates. WNV antibodies present in the sample binds to
the immobilized WNV inactivated antigen. Unbound mate-
rial was removed by three washes. In a second step, 100 ul
Goat anti Human IgG Alkaline Phosphatase conjugate
(Sigma Cat. No. A-3150) diluted 1:1000 in blocking buffer
was added into the wells and the ELISA plate was incubated
for 1 hour at 37° C. in humidified atmosphere. After incuba-
tion, unbound conjugate was removed by 3 washes. The enzy-
matic activity of Alkaline Phosphatase was revealed after 1
hour incubation at room temperature by its reaction with 100
wl p-nitrophenyl phosphate substrate (Sigma Cat. No.
N-2770). The measurement was done photometrically at 405
nm. The titer of each serum and control sample was calculated
by using the absorbance at 405 nm plotted against the log
transformation of calibrator concentration.

The assay was developed for quantitative and qualitative
measurement of WNV antibodies in serum/plasma solutions.
To allow quantitative measurements, specific positive plasma
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was designated as a calibration standard and assigned a value
012000 Arbitrary Units per ml (AU/ml) of WNV antibodies.
The range of 1-10 AU/ml was found to have linear character-
istics when the log-transformation of concentration was
related to the observed optical density at 405 nm. This range
was used as a working range to establish a linear standard
curve for quantification of unknown samples. The quantita-
tive ELISA for WNV antibodies was validated as part of an
effort to ensure the desired quality of the diagnostic tests.

The screening assay was designed to produce, for each
plasma unit, two types of data: (a) a qualitative parameter that
was used for screening (cut-off, yes/no) and (b) a quantitative
parameter (similar to the one used in the unmodified assay)
that was used for quantitative assessment and statistics.

Cut-off determination: In order to simplify the decision algo-
rithm (that should be applied by the robot software), a stan-
dard sample with approx. 100 AU/ml was designated as
“Low-positive”. The low-positive standard sample was tested
in duplicates at 1:50 dilution while the plasma samples were
tested at 1:100 dilutions (singles to allow large number of
tests). The OD of the standard was considered as a cut-off
value and each plasma sample having an OD higher than the
cut-off was considered positive. Samples that were defined as
positives or negatives by the cut-off analysis were re-tested at
the laboratory by the in-house validated ELISA to verify the
result and get a precise quantified value for statistic assess-
ment. 163 samples that were above the cut-off OD were
re-tested by the validated assay and 7 samples (4.3%, CI95
1.9%-8.3%) had lower than 100 AU/ml (false positive).
Eighty samples that were found negative by the cut-off defi-
nition were re-tested and none had more than 100 AU/ml.

Cell Cultures Vero cell line (ATCC #CRL-1587) was propa-
gated as described above. The cells were maintained in a
humidified atmosphere at 37° C. in 5% CO, and were used for
growing virus stocks and virus titration.

Plaque Reduction Neutralization Titer 50% (PRNT50): The
CPE of WNV on Vero cells can be neutralized by the presence
of specific anti-WNV antibodies. This sensitive test quanti-
fies the sample (containing WNV antibodies) dilution that
results in 50% reduction of plaques relative to the virus con-
trol. The titer of neutralizing antibodies was determined
essentially using a plaque reduction test as described by Ben
Nathan, 2003. Briefly, Vero cells were seeded ina 6-well plate
at a concentration of 5x10° cells per well as described above
and incubated overnight at 37° C., 5% CO,. Two fold serial
dilutions of the test sample were prepared in MEM supple-
mented with 2% FCS as above. Each dilution was mixed with
an equal volume of about 450 PFU/ml of WNV NY-99 (di-
luted in MEM, 2% FCS). The sample mixtures were rolled
overnight at 4° C. Four hundred microliters from each sample
mixture was added to the wells and allowed to adsorb for 60
min at 37° C., 5% CO,. Tragacanth-medium (Sigma Cat. No.
G-1128) was mixed with an equal volume of X2 MEM
medium supplemented with 4% FCS, 4 mM L-Glutamine, 2
mM Sodium pyruvate, 2% Penicillin-Streptomycin-Ampho-
tericin B solution, 0.1 mg/ml Gentamycin sulfate and Non-
essential amino acids, and Sodium bi-carbonate was added to
the mixture to a final concentration of 0.15%. Three ml from
the Tragacanth mixture was added to each well and the plate
was incubated for 72 hours at 37° C., 5% CO,. The cells were
then fixed with 95% ethanol for 2 min (Riedel de Haen cat.
No. 32221), stained with Fuchsin for 2 minutes (Sigma cat.
No. P1528) and the plaques were counted.
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[0127] The PRNTSO0 (expressed in WNU/ml) is the sample
dilution at which there is 50% neutralization of WNV plaques
as determined by the non-linear relationship (according to the
logit model) between the In sample dilution and the percent-
age of plaque neutralization relative to the control sample
(taken as 100%). The in-vitro assay for determination of the
activity of neutralizing antibodies in cells exposed to WNV
was validated as part of an effort to ensure the desired quality
of the diagnostic tests.

Experimental Methods-animal studies: The experimental
protocol was written and supervised by Harlan Laboratories,
Israel, Ltd. (ISO 9001:2000 Certificate No.: US2002/3081).
The study was reviewed and approved by the Committee for
Ethical Conduct in the Care and Use of Laboratory Animals.
Animals: Female BALB/cOlaHsd mice (Harlan Laborato-
ries, Israel) at the age of 3-7 weeks were used as WNV
infected models. Weight variation of animals at the time of
treatment initiation did not exceed +20% of the mean weight.
The health status of the animals used in the study was exam-
ined on arrival. Only animals in good health were acclima-
tized to laboratory conditions (as specified below) and were
used in the study.

Housing: During acclimation (at least 5 days) and throughout
the entire study duration, the animals were housed in a P3
rodent facility at the Veterinary Institute, Virology Depart-
ment, Beit-Dagan, Israel (Ministry of Agriculture, Israel)
with free access to water and food (a commercial rodent diet).
The animals were kept in groups (maximum 10 animals per
cage) in polypropylene cages (37.5x21x18 cm), fitted with
solid bottoms and filled with wood shavings as bedding mate-
rial. The animal room has an automated controlled environ-
mental condition system set to 20-24° C. with a relative
humidity (RH) 0f 30-70%, a 12:12 hour light: dark cycle and
15-30 air changes/hr.

Allocation to treatment groups: On Study Day 0, animals
were assigned to treatment groups in a way that the mean
body weight values were as similar as possible among all
groups. Each treatment group was kept in a single cage and
each animal within a cage was given a unique number.
Study termination: At the end of the study, surviving animals
were euthanized by CO, asphyxiation.

Virus challenge strain and virus titrations: The virus used to
infect mice in these studies was a third passage in Vero cells
of West Nile Virus, strain NY 385-99 (WNV-NY99) (Steele E
K et al.,, 2000; Xiao SY et al. 2001). The original virus was
provided by M. S. Diamond, Washington University, School
of Medicine, St. Louis, USA. Virus titers were expressed as
plaque-forming units (PFU)/ml. Stock concentration: 5-6x
10® PFU/ml in TE 8.7/PBS (1:1.8), stored in aliquots at —=70°
C. Virus plaque assays were performed on Vero cells as
described above. On day 0, the viral stock was thawed on ice
and the challenge solutions (1000, 100, 50, 20, 10 and 5
PFU/ml) were prepared by dilution in DMEM, 2% FCS. The
vials containing the final solutions were kept on ice until
administration. The stock solution was restored at —=70° C. for
titer verification.

In all experiments (unless indicated otherwise) 4-5 week old
mice were inoculated by a single intraperitoneal injection (IP;
0.2 ml/mouse) with different amount of stock virus by using
a 1 ml insulin syringe and 25-27 G needle. Lethal dose
(LD50; the dose required to kill half the members of the tested
population) was calculated by plotting the survival data in
2-20 PFU inoculations against the relevant inoculation and
inserting a logarithmic trend line using Excel software (see
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Example 6; FIG. 6). Four hours after challenge (unless indi-
cated otherwise), the animals received an IP dose of 0.1
ml/mouse of the IVIG test material (specified below) using a
1 ml insulin syringe and 25-27 G needle. Individual weights
were usually taken every other day.

Test materials: All IgG preparations contained 5% IVIG solu-
tion in 10% maltose consisting more than 99% IgG and small
quantities of IgA and IgM. Three types of test articles were
used: (a) High titer WNV IVIG (WNIG), Batch #K44G511.
This product was prepared by screening plasma units of
Israeli donors by ELISA for 1gG. About 10% of the donor
population with antibodies for WNV had more than 100
AU/ml anti-WNYV antibodies thus pooled and processed into
WNIG; (b) Commercial IVIG, batch #H23131, prepared in
2003 from plasma of pooled Israeli blood donors; (¢) Com-
mercial IVIG, Batch #K30G370, prepared in 2006 from
plasma of pooled US blood donors. Test materials were stored
at 2-4° C. On day 0, the test solutions were prepared by
diluting the test materials in PBS to the desired concentration
(Table 3). The antibody titer in each preparation is given in
Table 4.

Data evaluation: Survival data were analyzed using the Wil-
coxon log rank survival analysis (JMP statistical software,
version 4.0, SAS institute). Survival rates in different groups
were compared by two-tailed Fisher’s exact test. Average
days for death were compared by two-tailed Student’s T-test.

Example 1

Monitoring the Presence of WNV Specific Antibod-
ies in IVIG Produced from Pooled Israeli-Donor
Plasma

[0128] WestNile Virus has been endemic in Israel for many
years. During the design of this study we hypothesized that
Israeli plasma and the resulting IVIG preparations contain
variable ranges of anti-WNV antibodies. To test our hypoth-
esis, we analyzed batches of immunoglobulin prepared from
plasma samples collected from 1998 until 2003 (FIG. 1). All
IVIG batches had antibody titers to WNV above a negative
control (in this case IVIG manufactured from US plasma; see
Table 3).

There are now good indications that after 2002, the Israeli
blood donor population was continuously exposed to the
virus. According to a report from the Israeli Center for Dis-
ease Control (ICDC), after the peak exposure in 2000 (out-
break of West Nile fever, WNF, in Israel), the rate of verified
WNF cases was lowered and remained constant during the
successive 4 years (Infectious Diseases in Israel, 54 years of
surveillance, 1957-2004, ICDC, 2006). However, during
2005 there was a sharp increase in the number of verified
cases (at least 5-6 times more than in 2004), and the numbers
started to decline during 2006 (ICDC and Central Virology
Laboratory, Israeli Ministry of Health, personal communica-
tion). The continuous activity of the disease in Israel is a good
indicator of exposure of the general population including the
blood donor population. This was verified by using our vali-
dated ELISA assay to test the presence of WNV antibodies in
selected IVIG batches produced from plasma of Israeli
donors during 2004-2006. The results showed that the level of
WNV antibodies in IVIG preparations produced from Israeli
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donors is variable; thus, different levels of WNV antibodies
are measured in different years and even within the same year
(FIG. 2).

Example 2
Screening of Plasma Units

[0129] Ina preliminary study that was carried out in 2002,
a total of 506 samples from Israeli donor plasma units were
screened and 67 were found positive for WNV antibodies
(about 13% positives) using West Nile Virus, strain NY 385-
99. The specific antibody titers within the positives ranged
between 85 and 8041 AU/ml. FIG. 3 shows the distribution of
titer within the positive samples. The average titer of the
positives was 1434 AU/ml, median titer, 971 AU/ml.

Inasecond study carried out during 2006, we screened a total
of'about 3000 plasma units. Of these, 238 were found positive
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Example 3

Production and Specification of High-Titer Anti-
WNV IVIG

[0130] A high titer WNV-IVIG composition (WNIG) was
produced by screening plasma units of Israeli donors which is
endemic to the virus, and isolating and pooling plasma of
donors above 100 AU/ml for antibody specific to the NY-99
strain using ELISA. A total of 267 units (-50 liters) of hyper
immune plasma were available for the production of a pilot
WNIG batch. The estimated titer of WNV antibodies in the
plasma pool comprising the individual units was 904 AU/ml.
Atotal of 107 gr of IgG were produced (107 vials of 20 m1 5%
IVIG solution). The characteristics of the WNIG pilot batch
are summarized in Table 1 below.

TABLE 1

COA* data of WNIG pilot batch.

Parameters Limits** Results
Identification Clear or slightly opalescent and colorless or Complies
pale yellow solution.

Ouchterlony Gives a positive reaction with human Complies

protein anti-sera and a negative reaction

with animal protein anti-sera.
IgG by Cellulose Acetate =95% >97
electrophoresis
Anti WNV antibodies by Elisa 7302
IgG Content 42.8 mg/ml-55.0 mg/ml 433
Anti-Hepatitis A >2.0 TU(IU/ml) 17
Anti-HBsAg >0.5 IU/g IgG 36.3
Anti B19 Abs >40 TU/ml 127
Diphtheria antitoxin >0.6 U of US Standard antitoxin/ml 1.9
(neutralizing)
Anti Poliomyelitis 1Abs >0.1 times the NIH reference lot #176 0.55
Anti Measles Abs (Neutralizing) >0.2 times the NIH reference lot #176 0.27
WNV PRNT30 (Neutralizations For information (WNV/ml) 4516
activity)
Total Protein 4.5%-5.5% (wW/v) 5.0
Distribution of molecular size Monomer and dimer 295.00% 99.61
(HPLC) Polymers and aggregates =3.00% 0.39
Anticomplementary activity =1 CHs¢/mg IgG 0.5
Prekallicrein activator =35 IU/ml <4.25
Anti-A & Anti-B haemagglutinins  The 1:64 dilutions do not show Complies

Agglutination
Tri-n Butyl Phosphate (GC) =5.0 ug/ml (ppm) 0.2
Triton X-100 (HPLC) =5.0 ug/ml (ppm) <5.0
IgA content =0.15 mg/ml 0.07
IgM content =0.1 g/L (£10 mg/dl) 0.03
Anti D antibodies <0.0475 TU/ml <0.024
pH 5.1-6.0 5.6
Osmolality 2240 mOsmol/kg H,O 330
Sodium (Flame photometer) <20 mmol/l <1
Maltose 90-110 g/l 97
Pyrogens (10 ml/kg Rabbit) Non Pyrogenic Non-

Pyrogenic

Sterility (Steritest) Sterile Sterile
General safety Test Complies Complies

*COA—-certificate of analysis.

**Regular Israeli IVIG from unselected donors.

for WNV antibodies (about 8% positives). This rate is signifi-
cantly lower than the rate found in 2002 (p=0.0001 by chi
square). The specific antibody titers within the positives
ranged between 91 and 4810 AU/ml. The distribution of the
positive samples is shown in FIG. 4. The average titer among
the positive samples was 1336 AU/ml, median titer, 1091
AU/ml.

Example 4

Preclinical Analysis of WNIG in a Model of WNV
Infection

[0131] Several animal models for WNV infection are used
for assessment of protocols for prevention and treatment of
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WNEF. A prerequisite for animal model is the establishment of
encephalitis phase during the course of disease. The mouse
lethal model is considered a very good model and is routinely
used for evaluation of vaccines intended to prevent and treat
WNV infection. In this model, the challenge virus is given
intraperitoneally (IP) to 4-5 weeks old mice. A short viremic
phase thus develops (peak at 2 days) followed by infection of
the central nervous system (CNS) that starts on day 3-4. The
animals usually start showing neurological symptoms
towards the end of the first week. The common symptoms
include piloerection, partial or complete paralysis and finally
death. Usually most of the deaths occur between days 6-10
and very rarely, deaths occur after the second week following
infection. In a previous study using this model, it was shown
that regular IVIG produced from plasma of Israeli donors was
able to protect mice from a lethal dose of WNV (Ben-Nathan,
Lustig et al. 2003). The virus strain used in this previous study
originated from an Israeli strain isolated in 1952. The present
experiments were designed to show the efficacy of WNIG in
the mouse model and compare the efficacy of WNIG to that of
regular IVIGs produced from plasma of Israeli or US donors.
In these experiments an Israeli WNV challenge strain was
replaced with a NY99 strain isolated from the target geo-
graphic area in the USA.

Example 5
Virus Challenge Dose (LD50)

[0132] The virus dose was verified by analyzing the vial of
stock solution used for preparing the challenge doses. FIG. 5
shows the survival of animals included in the back titration
analysis. A clear dose response was achieved; with the 5 PFU
dose giving 50% death in the relevant group thus was consid-
ered as 1xL.D50.

These results were verified in another set of experiments.
Four-five weeks old BALB/c mice were given IP inoculation
of 2, 5, 10, 20, 50, 100 or 1000 PFU/mouse. Mortality was
monitored daily for 21 days. The combined results of 5
experiments are summarized in Table 2 below. In order to
calculate LDy, survival data of 2-20 PFU inoculated mice
were plotted against the relevant inoculums (FIG. 6) and a
logarithmic trend line was calculated (using EXCEL soft-
ware). According to the results, the predicted LDs, is 8.3
PFU. For convenience, 5 PFU was considered as the actual
LDs, throughout the study.

TABLE 2

Survival rate of WNV-infected mice.

Virus dose Experiment
(PFU) #1 #2 #3 #4 #5
2 7/8 8/8
5 3/6 5/8 4/6 4/6 7/8
10 3/6 3/6
20 1/8
50 1/6 2/8
100 0/8 0/8 1/6 0/8 0/8
1000 0/8

Example 6
Test Articles Titer

[0133] Three IVIG preparations were used: high titer
WNV-IVIG (WNIG), plasma of pooled Israeli blood donors

Jun. 10, 2010

(AVIG-IS), and plasma of pooled US blood donors (IVIG-
US). The specific WNV antibody titer in each preparation was
analyzed by ELISA and by PRNT50. The results demonstrate
that, the fold of enrichment of High titer WNV-IVIG (WNIG)
compared to IVIG-IS was about 11 and 10 fold using the
validated ELISA and PRNT50 assays, respectively (Table 3).

TABLE 3

Anti-WNV antibodies in samples used in the mouse lethal model.

ELISA PRNTS0
Batch # (IVIG preparation) AU/ml AUmg WNU/ml WNU/mg
K44G511 (WNIG) 7608 152 9900 198
H23131 (IVIG-IS) 668 13 1032 21
K30G370 (IVIG-US) 179 4 Not Done
Example 7

Protection of Mice from Virus Challenge

[0134] This example illustrates the efficacy of WNIG com-
pared to IVIG-IS and IVIG-US preparations. For this pur-
pose, mice were infected IP with 100 and 20 PFU (20 and
4xLD50, respectively) of WNV-NY99. Four hours later each
mouse received a single injection of 2, 0.5 or 0.1 mg/mouse of
WNIG, IVIG-IS (equivalent to 120, 30 and 6 mg/kg respec-
tively) or 2 mg/mouse IVIG-US. Mortality was monitored for
12 days. FIGS. 7 and 8 show the survival of animals receiving
20 PFU (4xLD50) and 100 PFU (20xL.D50), respectively.
The results indicate that US-source IVIG exhibited a moder-
ate protection against both 20 and 100 PFU even when given
atthe high dose of 2.0 mg/mouse, equivalent to 120 mg/kg. In
comparison, WNIG achieved complete protection with as low
as 0.1 mg/mouse, equivalent to 6 mg/kg.

Regular IVIG from Israeli donors gave relatively good pro-
tection ranging between 75-87% with 0.5 mg/mouse, equiva-
lent to 30 mg/kg, but had only 12% protection at the lowest
dose of 0.1 mg/mouse. Additionally, the results show that 2
mg/mouse IVIG-IS had similar protective efficiency as 0.1
mg/mouse WNIG, i.e., WNIG is about 20 times more potent
than IVIG-IS. This 20 times increase in potency is surprising
and synergistic in light of the fact that the level of antibodies
in the preparations has increased only by 10 or 11 times (see
Table 3).

Analysis of the mean weight of the surviving animals during
the study was used as a parameter for evaluating the protective
efficacy of the IVIG preparations. In each time point the
weight of each surviving animal was compared to the initial
weight and an average difference was calculated for each
treatment group. The results revealed a very similar picture
(FIGS. 9, 10). All of the animals gained about 15% of their
initial weight during the first 6 days after infection. In the
most affected groups, i.e., US-2.0 mg/mouse and IS-0.1
mg/mouse, the animals started losing weight after day 7,
probably reflecting active brain infection that affected the
surviving animals.

Example 8

Protection Against Lethal WNV Infection by Human
WNIG

[0135] Inorder to corroborate the results above, another set
of'experiments was carried out with a prolonged observation
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period of 21 days. The results were compatible with the
previous experiment (Table 4). Treatment with 0.1 mg/mouse
of WNIG was sufficient to confer 100% protection against
both 20 and 100 PFU of the virus.

The results also show that 0.1 mg/mouse WNIG had similar
protective efficiency as 2 mg/mouse IVIG-IS and 0.5
mg/mouse IVIG-IS (100, 93 and 87% survival, respectively),
indicating that WNIG of the invention is 5 to 20 more efficient
than IVIG-IS against WNV.

IVIG-US showed low efficacy with only 62 and 50% survival
for 20 and 100 PFU, respectively, when administered at a high
concentration of 2.0 mg/mouse. The above results demon-
strate that WNIG is at least 20 times more potent than IVIG
from US donors.

Surprisingly, 390 and 912 Arbitrary Units (AU)/kg WNV
antibodies originated in Israeli plasma (IVIG-IS and WNIG,
respectively) lead to higher survival rate for both 20 and 100
PFU than 480 AU/kg originated in US plasma. These results
indicate the qualitative differences between the specific anti-
bodies in US and Israeli donors.

TABLE 4
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Example 10

Efficacy of WNIG Treatment in WNV Challenged
Mice Administered with WNIG 2 or 3 Days after
Challenge

[0137] Animals were challenged with 50 PFU of virus and
were treated with IVIG-IS or WNIG as indicated in FIG. 12.
Four groups of animals received two doses of 2 mg/mouse
each corresponds to about 120 mg/kg. The first dose was
given 2 or 3 days after challenge, and a second dose was given
2 days after the first one. A control group was given a virus
challenge without treatment. The animals were monitored for
mortality for a period of 11 days. The treatment timing was
chosen since in earlier studies it was shown that the virus is
present in the brains of the animals 3 days after challenge. A
dose of 2 mg/mouse was chosen since this amount conferred
a 100% protection in both IVIG-IS and WNIG 4 hours after
challenge. When treatment started 2 days after challenge,
both IVIG-IS and WNIG were similarly efficient since the
virus was not yet infecting the brain. Three days after chal-

Protective efficacy of WNIG, IVIG-IS and
IVIG-US in West Nile virus infected mice.

Treatment Approx. Ab Survival % (Live/Treated)
(mg/mouse) dose per kg* Titer? 100 PFU 20 PFU 4-20 LDs,
No treatment 0 0 (0/8) 12 (1/8) 6 (1/16)
WNIG 0.1 6 mg/kg 912 100 (8/8) 100 (8/8) 100 (16/16)°
IVIG-IS 0.1 78 12 (1/8) 12 (1/8) 12 (2/16)
WNIG 0.5 30 mg/kg 4,560 100 (8/8) 100 (8/8) 100 (16/16)
IVIG-IS 0.5 390 86 (6/7) 88 (7/8) 87 (13/15)
WNIG 2.0 120 mg/kg 18,240 100 (7/7) 100 (8/8) 100 (15/15)
IVIG-IS 2.0 1,560 88 (7/8) 100 (8/8) 93 (15/16)
IVIG-US 2.0 480 62 (5/8) 50 (4/8) 56 (9/16)

“Calculated for 17 gr. animals.

® Arbitrary units of WNV antibodies per kg (measured by ELISA) calculated according to

the values in Table 4.
“p < 0.001 compared to IVIG-IL 0.1; p = 0.007 compared to IVIG-US 2.0.

Example 9
Dose Dependent Protection of WNIG

[0136] To investigate the therapeutic efficacy of WNIG at
amounts which are lower than 0.1 mg/mouse, groups of
5-week old BALB/c mice were infected with 10xLD50 (50
PFU) of WNV and treated 4 hours later with a single injection
010.05,0.025 or 0.01 mg/mouse of WNIG or 0.25 mg/mouse
IVIG-IS. Mortality was monitored in mice for a period of 21
days. The control group was given a virus challenge without
any treatment (FIG. 11).

The results obtained indicate that all amounts of WNIG tested
(0.01, 0.025 and 0.05 mg/mouse) reduced or delayed mortal-
ity compared to the control infected mice. In addition, as
shown in the previous experiments, WNIG is 5-10 fold more
potent as compared to IVIG-IS since treatment with 0.025
and 0.05 mg/mouse WNIG and 0.25 mg/mouse IVIG-IS lead
to similar survival level.

In the untreated WNV-NY99 infected controls, all deaths
occurred until day 8 while in the treated mice (0.025 and 0.05
mg of WNIG or 0.25 mg of IVIG-IS) mortality occurred
between days 8-15, with a similar delayed mortality pattern.

lenge, the superiority of WNIG was clearly demonstrated by
protecting 5 of the 8 animals while in the IVIG-IS group, only
one was spared.

These results were corroborated in another set of experiments
on groups of 5-week old BALB/c mice, which was carried out
as described above with a prolonged observation period of 21
days (FIG. 13).

The results show that treatment with IVIG-IS and WNIG 2
days following WNV challenge lead to a similar extent of
protection for a period of 12 days. However, on the 137 day a
decrease in the survival rate was observed in the IVIG-IS-
treated animals whereas WNIG conferred a 100% protection
for the whole observation period.

In addition, the results indicate that treatment with WNIG on
days 3 and 5 after WNV challenge resulted in enhanced
survival for the duration of 18 days. Afterwards, a reduction in
the survival rate was observed (to about 25%). In comparison,
treatment 3 and 5 days after infection with IVIG-IS showed
no protection at all and showed about 15% survival rate
(lower than the control group). According to these results, the
superiority of treatment with WNIG compared to IVIG-IS on
days 3 and 5 post infection is demonstrated by postponing the
average death day (data not shown) and by conferring a higher
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survival rate compared to IVIG-IS and control groups. These
results indicate the advantage of using WNIG during or prior
to active encephalitis.

Example 11

Efficacy of WNIG at High Doses in WNV Chal-
lenged Mice Administered with a Single or a Triple
Dose of WNIG

[0138] Inorder to illustrate the effect of WNIG when given
at high doses during the encephalitis phase, BALB/c mice
were infected with 10xL.D50 (50 PFU) WNV and treated with
a single or triple dose of 8 mg/mouse (corresponds to 470
mg/kg) on day 3, 4, or 5 post challenge (see Table 5). The
control group was given a virus challenge without treatment.
And a positive control group was treated with 2 mg/mouse
WNIG four hours after challenge. The animals were moni-
tored for mortality for a period of 21 days.

According to the results, on day 3 both single and triple
injections of high dose of WNIG (8 mg/mouse) resulted in
protection of 100% as compared to the previous example
wherein a lower dose of WNIG (2 mg/mouse) on day 3
resulted in a final protection of about 25%. When treatment
was given 4 days after infection, survival of 69% was
achieved compared to 25% of the control group. In all treat-
ment groups a single dose was similar to three doses admin-
istration.

TABLE 5

Jun. 10, 2010

14

TABLE 6
The effect of WNIG on WNV infection
in mice treated with Dexamethasone.
Survival % (Live/Treated)
Treatment 5 PFU 10 PFU 5-10 PFU
WNV control 66 (4/6) 50 (3/6) 58 (7/12)
WNV + Dexamethasone 13 (1/8) 25 (2/8) 19 (3/16)*
WNV + Dexamethasone + 100 (8/8) 100 (8/8) 100 (16/16)
1 mg WNIG
WNV + Dexamethasone + 100 (8/8) 100 (8/8) 100 (16/16)
0.2 mg WNIG

* No mortality was observed in a group of 8 control Dexamethasone treated

mice (results not shown).
“p =0.004 compared to WNV control; p <0.001 compared to WNIG 0.2 and
1.0 mg.
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Survival rate of WNV infected mice after treatment with 8 mg/mouse WNIG.

Treatment Survival % (Live/Treated)

dose Single Three
Treatment Challenge (mg/mouse) dose doses Combined
No treatment 50 PFU 25 (2/8)
Day 0 2 100 (8/8)
Day 3 or3,5,10 8or3x8 100 (8/8) 100 (8/8) 100 (16/16)
Day 4 or4, 6,10 63 (5/8) 75 (6/8) 69 (11/16)

Example 12 [0142] Current Protocols in Immunology, Copyright ©

WNIG Therapy of Immunosuppressed Mice Chal-
lenged with WNV

[0139] Adult mice are relatively resistant to WNV but this
resistance can be abolished by treatment with Glucocorti-
coids such as Dexamethasone.

In order to demonstrate the efficiency of WNV antibody
under severe immunosuppression conditions, 7 to 8 weeks
old mice were administered with subcutaneous injection of
60 mg/mouse Dexamethasone, 2 h before and 1 day after
infection with 5 or 10 PFU WNV. Mortality was monitored
for a period of 21 days. Indeed, the results demonstrated that
Dexamethasone administration decreased the survival rate
from 58% to 19%. However, IP treatment with 0.2 and 1
mg/mouse WNIG four hours after virus infection led to 100%
survival (Table 6). This experiment demonstrates the poten-
tial use of WNV antibody therapy under severe immunosup-
pression.
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1. A method for the preparation of an immunoglobulin
composition comprising a high level of neutralizing antibody
specific for a pathogenic virus causing a new emerging dis-
ease, disorder or condition in a target geographic area, the
method comprising:
screening blood or blood fractions of a plurality of donors
from a population of a geographic area endemic to the
virus, in which population the percentage of seropositive
donors to said virus is not more than 25%, in the range of
1-15%, or in the range of 8-13%; and

isolating and pooling all blood or blood fractions of donors
that are positive for antibody specific to the pathogenic
virus strain.

2. The method according to claim 1, wherein the screening
of blood or blood fractions is carried out with a pathogenic
virus strain isolated from a geographic area that is different
from the geographic area of the population of donors.

3. The method according to claim 1, wherein the screening
of blood or blood fractions is carried out with a pathogenic
virus strain isolated from or nearby the target geographic
area.

4. The method according to claim 1, wherein the method
further comprises processing the pooled blood or blood frac-
tions to an intravenous immunoglobulin composition.

5. The method according to claim 1, wherein the geo-
graphic area endemic to the virus is Israel and/or neighboring
territories and the target geographic area is in the United
States.
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6. A method for the preparation of an immunoglobulin
composition comprising a high level of anti-West Nile Virus
(WNV) neutralizing antibody for treating or preventing a
disease, disorder or condition caused by WNV in a target
geographic area, the method comprising:

screening blood or blood fractions of a plurality of donors

from a population of a geographic area endemic to the
virus, in which population the percentage of seropositive
donors to said virus is not more than 25%, in the range of
1-15%, or in the range of 8-13%; and

isolating and pooling all blood or blood fractions of donors

that are positive for antibody against WNV.

7. The method according to claim 6, wherein said blood or
blood fractions are positive for WNV isolated from the target
geographic area.

8. The method according to claim 6, wherein the method
further comprises processing the pooled blood or blood frac-
tions to an intravenous immunoglobulin composition.

9. The method according to claim 6, wherein the geo-
graphic area endemic to the virus is Israel and/or neighboring
territories and the target geographic area is in the United
States.

10. A potent immunoglobulin composition comprising
high levels of neutralizing antibodies specific for a patho-
genic virus causing a new emerging disease, disorder or con-
dition in a target geographic area obtained by the method
according to claim 1 or 6.

11. A potent immunoglobulin composition comprising
high levels of antibodies specific for WNV of a target geo-
graphic area, wherein said composition comprises immuno-
globulin from pooled blood or blood fractions of donors that
are all positives for antibody against WNV, wherein said
donors are from a population of a geographical area endemic
to WNV, and wherein said composition has a high level of
antibody against the WNV of'the target geographical area that
is more than 5 times, 10 times, 11 times, or about 20 times
higher than the level of anti WNV antibody of immunoglo-
bulin from a regular pool of blood or blood fractions of donors
of the geographic area endemic to the virus.

12. A vial or pre-filled syringe containing a low-volume
unit dosage of the composition according to claim 11.

13. A pharmaceutical composition for the treatment or
prevention of a WNV associated disease, disorder or condi-
tion in a target geographical area comprising a pharmaceuti-
cally acceptable carrier and an immunoglobulin composition
according to claim 11.

14. A method for treating or preventing a WNV associated
disease, disorder or condition comprising administering to a
subject in need a therapeutically effective amount of an
immunoglobulin composition according to 11.

15. A method for treating or preventing a WNV associated
disease, disorder or condition which requires administration
of unreachable excessive amount and/or volume of IVIG
from a regular pool of donors of the geographic area endemic
to the virus, the method comprising administering to a subject
in need a therapeutically effective amount of an immunoglo-
bulin composition 11.

16. An efficient method for screening and selecting blood
or blood fractions comprising a high level of neutralizing
antibody specific for a pathogenic virus causing a disease,
disorder or condition from numerous blood or blood fractions
samples comprising the steps of: screening, using an ELISA
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assay, blood or blood fraction samples obtained from donors
of'a population from a geographic area endemic to the virus,
in which population the percentage of seropositive donors to
said virus is not more than 25%, in the range of 1-15%, or in
the range of 8-13%; and selecting blood or blood fraction of
donors that are positive for antibody specific for said patho-
genic virus.

17. The method according to claim 16, wherein the patho-
genic virus is WNV.

Jun. 10, 2010

18. A composition for the treatment or prevention of a
WNV associated disease, disorder or condition comprising
blood or blood fractions obtainable by the screening method
according to claim 16.

19. A method for treating or preventing active encephalitis
caused by West Nile Virus comprising administering to a
subject in need a therapeutically effective amount of a com-
position according to claim 11.
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