
H5 Subtype-Specific Binding Proteins Useful for H5
Avian Influenza Diagnosis and Surveillance Field of
the Invention This invention relates to antibodies and
related binding proteins for the detection of avian
influenza virus ("AIV"). More particularly, the
invention relates to monoclonal antibodies and related
binding proteins useful for the detection of the
highly pathogenic H5 subtypes of AIV and to methods
and products for the diagnosis and surveillance of
such AIV infections in animals and humans. Background
of the Invention Avian influenza is a common disease
in birds. Subtype H5N1 AIV has caused an outbreak of
avian influenza that is spreading incessantly to many
regions of the world (14). The affected areas include
Europe, the Middle East and particularly Asia.
According to the World Health Organization ("WHO"), as
of April 2006, about one hundred human deaths had
occurred as a result of H5N1 avian influenza, and the
situation seems to be deteriorating. See WHO website
(11). While AIV infection in humans is rare, there
have been times in the past in which the occurrence of
new AIV subtypes that are able to cross species
barriers have caused deadly influenza pandemics (2, 8,
10). Influenza viruses are classified according to
their nucleoprotein and matrix protein antigenic
specificity. These viruses are categorized mainly into
A, B and C serotypes, with type A having eight RNA
segments that encode ten viral proteins. All known
type A influenza viruses originated in birds. This
category of virus can infect other species, such as
horses, pigs, owls and seals, and poses a threat to
humans as well (22). Influenza A virus is further
divided into subtypes according to the antigenic
nature of the envelope glycoproteins, hemagglutinins
("HAs"), Hl through H16, and neuraminidases ("NAs"),
Nl through N9 (10, 12, 19). It is believed that
proteolytic cleavage of HA protein at the 1 A
bibliography is provided at the end of the
disclosure.HA1-HA2junction is related to the
pathogenicity in avian strain and that the presence of
hydrophobic amino acids around this cleavage site are
characteristic of the H5 subtype. In addition, the HA
protein is believed to mediate attachment to host cell
sialoside 



receptors and subsequent entry by membrane fusion
(17), and HA protein is thought to serve as a primary
target for neutralizing antibodies (19). This
invention relates to monoclonal antibodies and related
binding proteins that bind specifically to AlV.
Monoclonal antibodies ("mAbs") are a substantially
homogeneous population of antibodies derived from a
single antibody-producing cell. Thus all antibodies in
the population are identical and of the same
specificity for a given epitope (5). The specificity
of the mAb responses provides a basis for an effective
diagnostic reagent. Monoclonal antibodies and binding
proteins derived therefrom also have found utility as
therapeutic agents. Because of the risk that AIV
infection poses to wildlife, domesticated animals and
humans, there is a pressing need for a fast, specific
and reliable method for detecting the virus in tissue
specimens. In particular, the ability to detect the
virus in preserved specimens, such as formalin fixed
specimens embedded in paraffin and in frozen sections,
is important to the ability to diagnose the disease
and monitor its progress. To date, there have been no
reports of effective methods for diagnosis of the
highly pathogenic H5N1 AIV strains using H5 subtype
monoclonal antibodies. Accordingly, the present
invention represents a breakthrough in the diagnosis
and surveillance of H5N1 and other H5 strains. Summary
of the Invention In accordance with the present
invention, monoclonal antibodies and related binding
proteins that are specific for linear and
conformational epitopes of the H5- subtype
hemagglutinin glycoprotein are provided. The mAbs to
linear H5 epitopes are able to detect H5N1 virus and
other H5 subtype virus strains in denatured specimens,
such as formalin-fixed tissue specimens, with good
specificity and sensitivity, while those that target
conformational epitopes are useful for detecting the
virus in frozen specimens and other biological fluids.
In particular, mAb designated 7H10 targets a linear
epitope of hemagglutinin and has demonstrated high
efficacy and sensitivity to viral antigen in
formalin-fixed tissues, while having minimal effect on
frozen tissue sections. A mAb designated 6B8 targets
aconformational hemagglutinin epitope and is able to
bind and recognize the viral antigen 



in tissues that have not been pre-treated, such as
frozen tissue specimens and other biological tissues
and fluid. Monoclonal antibodies designated 8F10 and
2D10 also target conformational hemagglutinin epitopes
and provide similar applications as mAb 6B8.
Accordingly, the invention comprises a binding protein
having substantially the immunological binding
characteristics for a linear H5-subtype hemagglutinin
epitope as mAb 7H10. The invention further comprises a
binding protein having substantially the immunological
binding characteristics for a conformational
H5-subtype hemagglutinin epitope as those of mAb 6B8,
8F10 or 2D10. In a further aspect, the invention
comprises a method for detecting H5 subtype AIV in a
specimen which comprises detecting the binding of AIV
with a mAb or binding protein having substantially the
immunological binding characteristics of mAb 7H10. In
yet a further aspect, the invention comprises a method
for detecting AIV in a specimen which comprises
detecting the binding of AIV with a mAb or binding
protein having substantially the immunological binding
characteristics of mAb 6B8, 8F10 or 2D10. In
particular, the invention relates to
immunofluorescence assays, immunohistochemical assays
and ELISA methods that utilize such binding proteins.
In another aspect, the invention relates to kits for
the detection of AIV which comprise binding proteins
having substantially the immunological binding
characteristics of mAb 7H10 or mAb 6B8, 8F10 or 2D10.
The invention further relates to methods of treating
subjects infected with an H5 AIV strain, such as an
H5N1 AIV strain, which comprise administering to such
subjects effective amounts of one or more monoclonal
antibodies or binding proteins having substantially
the immunological binding characteristics of mAb 6B8,
8F10 or 2D10. Brief Description of the Drawings Figure
1. Distribution of an mAb' titer over a period of 90
days. The data in Figure 1 demonstrate that the mAb
was able to remain stable over a substantial period of
time. Figure 2. Cross-reactivity of H5 subtype mAbs
with non-H5 subtype viruses and 



H5 subtype viruses measured in HI assays. The serum
antibody titers against the respective viruses are
indicated as follows: light shade -no HI activity,
dark shade - > 16.Figure 3. Western blot analysis.
Reactivities of the respective mAbs with HAl protein
of H5N virus expressed in E. coU's total cell lysate.
RPMI 1640 was used as control to the mAbs. Figure 4.
Distribution of intensity of signals in different
tissue specimens. Specimen was H5N1 AVI infected
Magpie Robin. (Signals/lesions indicated with arrows i
figure). a) Brain frozen section. Tissue incubated
with mAb 6B8. Large intensity of positive signals was
observed as multiple red spots. Lesions are seen in
neurons. b) Brain frozen section. RPMI 1640 was
applied as control to mAb 6B8. No signals were seen.
c) Liver paraffin section. Tissue incubated with mAb
7H10. Minimal lesions were seen at the endothelium of
the bile duct. d) Liver paraffin section. RPMI 1640
was applied as control to mAb 7H10. No signals seen.
e) Lung paraffin section. Tissue incubated with mAb
7H10. Lesions were only seen at the lining of the
epithelial tissues. f) Lung paraffin section. RPMI
1640 was applied as control to mAb 7H10. No signals
were seen. g) Lung paraffin section. Tissues incubated
with mAb 7H10. Lesions were seen at the alveolar
tissues. h) Lung paraffin section. RPMI 1640 was
applied as control to mAb 7H10. No signals were seen,
i) Kidney paraffin section. Tissue incubated with mAb
7H10. Large quantity of high intensity signals were
distributed throughout the kidneys cells, j ) Kidney
paraffin section. RPMI 1640 was applied as control to
mAb 7H10. No signals were seen, 



k) Liver paraffin section. Tissue incubated with mAb
7H10. Lesions were seen in the hepatocytes. 1) Liver
paraffin section. RPMI 1640 was applied as control to
mAb 7H10. No signals were seen. Figure 5. H5 subtype
mAbs were able to detect signals from H5N1 infected
tissues dated back to year 2002.a) House Crow's brain
tissue. b) Pond Heron's lung tissue. c) Grey Heron's
brain tissue. ) Chicken's brain tissue. Figure 6.
Reactivity of capture and detector antibody in
AC-ELISA format (a) Different AIV subtypes were tested
using an AC ELISA test. The specificity of this test
is shown when only H5 AIV produces positive results.
"N Ctrl" is the negative control where no virus was
added to the well, (b) Different H5 AIV were serially
diluted with PBS and tested in the AC ELISA. Using
0.100 as the cut-off value between positive and
negative results, the minimum amount of H5 AIV that
can be detected with the AC ELISA test was averaged
out to be approximately 0.5 HA Unit, 7H10 and 6B8;
Figure 7. Mapping of the epitope for 7H10. A.
Schematic diagram of the hemagglutinin protein 1,
showing the clone constructs for the expression of the
different lengths of the HAl fragments and their
reactivities with Mab 7H10. aa, amino acid. B. Western
Blot of 12 recombinant fusion proteins expressed in E.
coli BL21. Samples were from total cell lysates. M,
marker; NC, negative control; HAl, full-length HAl
protein; AK different fragments. C. Schematic diagram
of the mutant hemagglutinin 1 fragments, showing the
clone constructs for the expression of the different
mutations on the HAl fragments and their reactivities
with Mab 7H10. D. Western Blot of 9 recombinant fusion
proteins expressed in E. coli BL21. Samples were from
total cell lysates. M, marker; NC, negative control;
J, fragment J i B. Detailed Description of the
Invention The present invention is directed to mAbs
and related antigen-binding proteins 



that bind specifically to the hemagglutinin envelope
glycoprotein of H5 subtype of AIV. In particular, the
mAb or related antigen-binding protein possesses the
immunological binding characteristics of mAb 7H10 as
produced by hybridoma 7H10, deposited with the
American Type Culture Collection (ATCC) on March 20,
2007, and assigned Accession Number PTA-8243, mAb 6B8,
as produced by hybridoma 6B8, deposited with the ATCC
on March 20, 2007, and assigned Accession Number CRL
PTA-8246, mAb 8F10, as produced by hybridoma 8F10,
deposited with the ATCC on March 20, 2007, and
assigned Accession Number PTA-8245, or mAb 2D10, as
produced by hybridoma 2D10, depositedwith the ATCC on
March 20, 2007, and assigned Accession Number
PTA-8248. The invention further embodies those
hybridomas and provides a continuous source of the
mAbs and binding proteins of the invention. The
invention further relates to methods for the detection
and diagnosis of H5 subtype AIV infection and assay
kits that comprise the mAbs or binding proteins of the
invention. The invention additionally relates to
methods of treating a subject infected with an H5 AIV
strain through the administration of effective amounts
of one or more antibodies or related binding proteins
of the invention. In particular, in this embodiment
the subject is infected with an H5N1 subtype of AIV.
The antibodies of this invention also can be
administered to subjects on the advent of a possible
influenza pandemic as a precautionary measure. In this
instance, effective amounts of antibodies to be
administered are about half of the amounts used to
treat H5 AIV infections. Various terms are used
herein, which have the following meanings: The term
"immunological binding characteristics" of a mAb or
related binding protein, in all of its grammatical
forms, refers to the specificity, affinity and
crossreactivity of the mAb or binding protein for its
antigen. The term "linear epitope" refers to a
consecutive sequence of from about 4 to about 12 amino
acids which form an antibody binding site. The linear
epitopes of the mAbs of this invention preferably are
in the region from about amino acid 244 to about amino
acid 251 of the hemagglutinin protein encoded by the
HAl viral gene. The linear epitope, in the form that
binds to the mAb or binding protein, may be in a
denatured 



protein that is substantially devoid of tertiary
structure. The term "conformational epitope" refers to
a mAb or related binding protein binding site that
exists in the H5-subtype hemagglutinin glycoprotein in
its native threedimensional form. The term "binding
protein" refers to a protein, including those
described below, that includes the antigen binding
site of a mAb of the present invention or a mAb having
the immunological binding characteristics of a mAb of
the present invention. The present invention
advantageously provides methods for preparing
monoclonal antibodies having the binding
characteristics of mAbs 8F10 or 2D10 by immunizing an
animal with AIV subtype H5N1 (PR8), preparing
monoclonal antibodies having the binding
characteristics of 6B8 by immunizing an animal with
H5N3 protein and preparing monoclonal antibodies
having the binding characteristics of 7H10 by
immunizing ananimal with H5 HAl protein. Any such
antigen may be used as an immunogen to generate
antibodies with'the desired immunological binding
characteristics. Such antibodies include, but are not
limited to, monoclonal antibodies, chimeric
antibodies, single chain antibodies, Fab fragments,
and proteins comprising the antigen binding sequence
of mAb 7H10, 6B8, 8F10 or 2D10. The mAbs of the
present invention may be produced by any technique
that provides for the production of antibody molecules
by continuous cell lines in culture. Such methods
include but are not limited to the hybridoma technique
originally developed by Kohler and Milstein (1975,
Nature 256:495-497), as well as the trioma technique,
the human B-cell hybridoma technique (Kozbor et al.,
1983, Immunology Today 4:72), and the EBV-hybridoma
technique to produce human monoclonal antibodies (Cole
et al., 1985, in Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, Inc., pp. 77-96). Human
antibodies can be used and can be obtained by using
human hybridomas (Cote et al., 1983, Proc. Nat 'I.
Acad. Sd. U.S.A., 0:2026-2030) or by transforming
human B cells with EBV virus in vitro (Cole et al.,
1985, in Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, pp. 77-96). Moreover, techniques
developed for the production of "chimeric antibodies"
or "humanized antibodies" 



(Morrison et al., 1984, J. Bacteriol 159-870;
Neuberger et al., 1984, Nature 322:604-608; Takeda et
al., 1985, Nature 3/4:452-454) by introducing
sequences from a murine antibody molecule of the
present invention, e.g., mAb 7H10, 6B8, 8F10 or 2D10,
together with genes from a human antibody molecule of
appropriate biological activity can be used. Chimeric
antibodies are those that contain a human Fc portion
and a murine (or other non-human) Fv portion.
Humanized antibodies are those in which the murine (or
other non-human) complementarity determining regions
(CDR) are incorporated into a human antibody. Both
chimeric and humanized antibodies are monoclonal. Such
human or humanized chimeric antibodies are preferred
for use in in vivo diagnosis or therapy of human
diseases or disorders. According to the invention,
techniques described for the production of single
chain antibodies (U.S. Patent 4,946,778) can be
adapted to provide single chain antibodies of the
present invention. An additional embodiment of the
invention utilizes the techniques described for the
construction of Fab expression libraries (Huse et al.,
1989, Science 246: 1275-1281) to allow rapid and easy
identification of monoclonal Fabfragments with the
desired specificity for the antibody of the present
invention, or its derivatives, or analogs. Antibody
fragments that contain the idiotype of the antibody
molecule can be generated by known techniques. For
examples, such fragments include but are not limited
to: the F(ab') 2 fragment which can be produced by
pepsin digestion of the antibody molecule; the Fab'
fragments which can be generated by reducing the
disulfide bridges of the F(ab') 2 fragment, and the
Fab fragments which can be generated by treating the
antibody molecule with papain and a reducing agent.
Such antibody fragments can be generated from any of
the polyclonal or monoclonal antibodies of the
invention. In the production of antibodies, screening
for the desired antibody can be accomplished by
techniques known in the art, e.g., radioimmunoassay,
ELISA (enzymelinked immunosorbent assay), "sandwich"
immunoassays, immunoradiometric assays, gel diffusion
precipitin reactions, immunodiffusion assays, in situ
immunoassays (using colloidal gold, enzyme or
radioisotope labels, for example), western blots,
precipitation 



reactions, agglutination assays (e.g., gel
agglutination assays, hemagglutination assays),
immunofluorescence assays and immunoelectrophoresis
assays, etc. In one embodiment, antibody binding is
detected by detecting a label on the primary antibody.
In another embodiment, the primary antibody is
detected by detecting binding of a secondary antibody
or other reagent to the primary antibody. In a further
embodiment, the secondary antibody is labeled. Means
are known in the art for detecting binding in an
immunoassay and are within the scope of the present
invention. The foregoing antibodies can be used in
methods known in the art relating to the detection or
localization the H5 subtype of AIV, e.g., Western
blotting, ELISA, radioimmunoassay, immunofluroescence
assay, immunohistochemical assay, and the like. The
techniques disclosed herein may be applied to the
qualitative and quantitative determination of the H5
subtype of AW and to the diagnosis and surveillance of
animals or humans infected with the virus. The present
invention also includes assay and test kits for the
qualitative and/or quantitative determination of the
H5 subtype of AIV. Such assay systems and test kits
may comprise a labeled component prepared, e.g., by
labeling with a radioactive atom, a fluorescent group
or an enzyme, coupling a label to the mAb or related
binding protein of the present invention, or to a
binding partner thereof. Such assay or test kits
further maycomprise reagents, diluents and
instructions for use, as is well known to those
skilled in immunoassay techniques. In certain
embodiments of the invention, such kits will contain
at least the mAb or related binding protein of the
invention, means for detecting immunospecific binding
of said mAb or related binding protein to AIV in a
biological sample, and instructions for use, depending
upon the method selected, e.g., "competitive,"
"sandwich," "DASP" and the like. The kits may also
contain positive and negative controls. They may be
configured to be used with automated analyzers or
automated immunohistochemical slide staining
instruments. An assay kit of the invention may further
comprise a second antibody or binding protein, that
may be labeled or may be provided for attachment to a
solid support (or 



attached to a solid support). Such an antibody or
binding protein may be, for example, one that binds to
ATV. Such second antibodies or binding proteins may be
polyclonal or monoclonal antibodies. Monoclonal
antibodies to H5-subtype hemagglutinin protein may be
prepared by immunizing animals with AIV or H5 protein
or fragments thereof. A preferred method involves
amplification of the H5-subtype HAl gene followed by
expression of the gene, recovery and purification of
H5 subtype recombinant proteins and use of the
purified proteins as immunogens. For example, H5N1 AIV
is propagated by inoculation of chicken embryos with
available strains of the virus, followed by isolation
of the viral RNA. The HAl gene is amplified by reverse
transcriptase polymerase chain reaction (RT-PCR) and
then may be cloned into a baculovirus vector that is
used to express H5 proteins in insect cells. The
proteins so produced then can be used to immunize mice
or other suitable species for production of
hybridomas. Hybridomas are screened for their ability
stably to produce high affinity mAbs that are capable
of specifically binding to H5 proteins and distinguish
them from other AIV subtypes. In accordance with the
invention, it has been found that antibodies with
virus neutralization ability are able to recognize
conformational epitopes in the H5- subtype
hemagglutinin protein. This finding resulted from the
generation of virus escape mutants in the presence of
each neutralizing mAb after 1-2 rounds of selection i
Madin- Darby canine kidney (MDCK) cells. The HAl gene
was cloned from these neutralization escape mutants by
RT-PCR and sequenced to identify point mutations. In
this panel of antibodies, 3 neutralization epitopes,
namely 1, 2 and 3, were found in mAbs 6B8, 8F10and
2D10. Neutralization-escape ability was confirmed
using hemagglutination inhibition assays. HAl contains
338 amino acids. To study the distribution of linear
epitopes on the protein, truncated and mutated
fragments are advantageously tested for binding with
mAbs, e.g., by Western blot or a similar technique.
Linear epitopes may be identified that are binding
targets for mAbs that give a good performance in
detecting denatured H5 subtype protein, such as that
occurring in formalin-fixed tissue, using 



immunohistochemical staining methods. Mapping of the
H5 subtype mAbs in this manner provides a platform for
further study and a more effective clinical diagnosis
of the infectious H5N1 AIV. The present invention also
has provided a better understanding of the antigenic
structure of the hemagglutinin molecule of H5-subtypes
of AIV. The mAbs and related binding proteins of the
invention provide a means for detecting this highly
pathogenic virus in denatured tissues fixed in
paraffin as well as in frozen sections and biological
specimens. The ability to detect the virus in paraffin
sections is of great importance. Under most
circumstances, H5N1 antigens in infected tissue
sections are destroyed by the fixation process.
Formalin and ethanol have the potential to remove the
lipid envelope and envelope glycoproteins, including
hemagglutinin, hence increasing the difficulties in
viral antigen detection. Therefore, this form of
diagnosis has the potential to provide a safer and
more precise diagnosis on H5 infected animal and human
tissues. As illustrated by the examples presented
below, mAb 7H10 is highly efficacious and sensitive to
viral antigen in formalin-fixed tissues while having a
minimal effect on frozen tissue sections. This
antibody allows infected regions to be easily
visualized under the light microscope. Antibody 7H10
does not have hemagglutination inhibition or viral
neutralization activities; however, it exhibits
positive results in immunofluorescence assay and in
Western blot analysis, strong bands that correspond to
the recombinant H5NI-HA protein (MW 36kDa) are
observed. In contrast, mAbs 6B8, 8F10 and 2D10 are
highly efficacious on frozen tissue sections, but do
not detect antigen in formalin-fixed tissues. These
results imply that the two groups of mAbs react with
different viral epitopes. Through epitope mapping, mAb
7H10 was determined to target linear epitopes. It
could only detect the viral antigens when the tissues
were subjected to intensive heat treatment. Under such
harsh antigenretrieval methods, surface proteins of
the virus were destroyed and left nucleoprotein of the
H5N1 virus exposed. Therefore, mAbs that target linear
epitopes did not work as well on frozen tissue
sections. 



Monoclonal antibodies 6B8, 8F10 and 2D10 were
determined by epitope mapping to target conformational
epitopes of the H5N1 virus. These antibodies were able
to bind and to recognize these viral antigens without
prior treatments to the tissue sections. The
differences in staining intensity on different tissue
specimens observed in immunohistochemical analysis
reflect that the level of viral infiltration differs
from tissue to tissue. For instance, in brain and
kidney tissue, individual cells were deeply stained
and there was also a large distribution of stained
cells in brain and kidney tissues. These findings
indicate that lungs might not be the most severely
infected organs at the later stage of viremia.
Previously, intensive lesions in lungs of H5N1
infected animals have been reported (2, 13, 14).
However, the present findings indicate that lungs have
fewer lesions than kidneys. Because tissue specimens
utilized in the experiments leading to this invention
were obtained from birds at a late stage of infection,
these results may suggest that lungs normally have a
high level of viremia at early stages of infection and
that during later stages virus will be spread and
concentrated at the kidneys. These results therefore
indicate that diagnostic specimens from animals
suspected of infection with H5N1 AIV should include
brain and kidney tissues as well as lung tissue. This
invention provides convenient, highly specific and
sensitive means for detecting H5 subtype AIV. One such
means is the ELISA format. Ih a preferred embodiment
mAb 7H10 and 6B8 are used as capture antibodies. It
has been found that this combination provides high
optical density readings in detection of H5-subtype
AIVs in comparison to either antibody alone or in
other combinations. While not bound by any particular
theory, a possible explanation of these results is
that the two antibodies react with different epitopes
on the HAl protein and are of different antibody
subclasses, therefore providing multiple binding
sites. Monoclonal antibodies against conformational
epitopes maintain important biological functions, such
as hemagglutination inhibition and neutralization
activity, while mAbs against linear epitopes are also
advantageous for diagnostic uses. Therefore, the
application of mAbs 7H10 and 6B8, which were against
linear and conformational 



epitopes, respectively, and combine the immunological
properties of IgG and IgM in antigen-antibody
interaction, might contribute greatly to the high
sensitivity of ELISAprocedures. The approach of using
two mAbs also may be used to develop other
immunological methods to detect H5 viruses, such as,
for example, by dot-blot and in situ hybridization
formats. The preferred ELISA test of this invention is
able to detect HA antigen from H5N1 avian influenza
virus infecting poultry in China and humans in
Vietnam, indicating the utility of the invention for
detecting both avian and human H5N1 infections. The
H5-subtype mAbs of this invention have at least three
advantages over other current methodologies as
diagnostic tools. First, the mAbs are highly specific
for the highly infectious H5-subtype AW. This
specificity has been verified in an assortment of
H5Nl-infected tissue specimens from years 2002 to 2006
obtained from various sources. Such highly specific
monoclonal antibodies represent a breakthrough in the
field of avian influenza diagnosis. Second, the
ability of these mAbs to detect and accurately
localize H5 viral antigen in infected formalin-fixed
tissue as well as in serological tests such as HI and
IFA represent a distinct advantage. Third, these mAbs
provide a safe and convenient diagnostic approach for
the detection of H5 ATV. Their ability to detect viral
antigens in paraffin sections facilitates transport
and diagnosis of infected specimens that will not
infect humans or have the potential to release
infectious virus particles into the environment.
Moreover, frozen section slides can be cryogenically
stored for long periods of time and facilitate further
diagnosis and surveillance of infections. Another
embodiment of the invention relates to neutralization
escape mutants of H5 avian influenza. The term
"neutralization escape mutant" refers to a mutant
virus raised by point mutations in the genes encoding
hemagglutinin which caused antigenic drift in the H5
virus and affect neutralization epitopes. A
neutralization escape mutant can evade neutralization
by certain monoclonal antibodies that are effective in
neutralizing its parent virus. Ih manual screening for
escape mutants, a parental virus is incubated with a
certain neutralization antibody and inoculated into a
host, such as MDCK cells or chicken embryos. After 2-3
rounds of screening, the escape mutant for 



the neutralization mAb is cloned and subjected to HAl
gene sequencing. The mutated amino acid is determined
by alignment with the parental virus sequence, and the
mutated site indicates exactly one of the amino acids
comprising the neutralization epitope recognized by
the neutralization mAb. In the present invention, 6B8
escape mutants arise from H5N3 AIV by the 6B8
neutralization monoclonal antibody. 8F10 escape
mutants arise from H5N1 (PR8) AIVby the 8F10
neutralization antibody and 2D10 escape mutants arise
from H5N1 (PR8) AIV by the 2D10 neutralization
monoclonal antibody. Mutation sites are listed in
Example 3, Table 3, below. Neutralization escape
mutants are different from their parental virus in
that they no longer can be recognized by certain
neutralization antibodies which specifically bind to
the parent virus. In view of this, these mutants can
be used to immunize mice for new monoclonal antibody
production in accordance with the teachings above.
Among the new mAbs, a monoclonal antibody which
exactly recognizes the mutated epitope can be screened
out which then can be used to provide complementary
surveillance to avian influenza viruses other than
tfie parental virus. By repeating this process through
several generations, further escape mutants can be
found and further neutralizing antibodies obtained.
These antibodies can be used in the methods of the
present invention. In a further embodiment of the
invention, the antibodies and related binding proteins
of the invention can be administered to treat subjects
suffering from an H5 AIV infection, particularly an
infection from an H5N1 subtype of ATV. The antibodies
and related binding proteins of the invention also can
be administered to subjects as a preventive measure in
the event of an influenza pandemic or threatened
pandemic. The antibodies and related binding proteins
can be administered in a single dose or in repeated
administrations, optionally in a slow release form.
Administration can be made by any means that enables
the antibody to reach its site of action in the body
of the subject being treated, e.g., intravenously,
intramuscularly, intradermally, orally or nasally.
Typically, the antibody is administered in a
pharmaceutically acceptable diluent or carrier, such
as a sterile aqueous solution, and the composition can
further comprise one or more 



stabilizers, adjuvants, solubilizers, buffers, etc.
The exact method of administration, composition and
particular dosage will be determined and adjusted at
the time to therapy, depending upon the individual
needs of the subject, taking into account such factors
as the subject's age, weight, general health, and the
nature and extent of his or her symptoms, as well as
the frequency of treatment to be given. Generally, the
dosage of antibody administered is within the range of
about 0.1 mg/kg to about l mg/kgbody weight when the
antibody is administered to treat patients suffering
from an H5 ATV infection. Typically, the dosage is
reduced by about half, i.e. to within the range of
about 0.05 mg/kg to about 0.5 mg/kg body weight, when
administered as a preventive measure. A single
antibody or binding protein of the invention can be
administered fortherapeutic purposes or a combination
of two or more can be administered. If antibodies to
one or more generations of neutralization escape
mutants have been produced, such antibodies and the
6B8, 8F10 and/or 2D10 antibodies described above can
be administered as therapeutic antibody "cocktails."
The following examples are provided to illustrate a
preferred mode of practicing the invention. The
invention is not limited to the details of the
examples, but is commensurate with the full scope of
the appended claims. Example 1 Production of
Hybridomas Virus designated H5N1/PR8 was obtained from
the Center for Disease Control (USA). It is a
non-pathogenic recombinant H5N1 influenza virus that
contains the HA and NA genes of an AIV H5N1 virus that
infected a human in Vietnam (A/Viemam/1203/2004).
Another ATVsubtype, H5N3 (A/chicken/Singapore/97) was
obtained from AgriFood & Veterinary Authority (AVA) of
Singapore. These two virus stocks were used to infect
9 to 11-day-old embryonated chicken eggs (Chew's
Poultry Farm, Singapore) and allowed to replicate for
two generations. Allantoic fluid from the embryonated
chicken eggs was then drawn, and viral titer was
determined using hemagglutination assay (HA).
Purification of these H5N1 and H5N3 viruses was
performed by centrifugation of virus-containing
allantoic fluids at 10,000 rpm for 30 



minutes to remove debris, followed by
ultracentrifugation of the supernatant at 40,000 rpm
for 3 hours. The virus pellet was resuspended in PBS.
Monoclonal antibodies (IgG and IgM) were purified from
clarified fluids using protein A affinity column
(Sigma Aldrich; St. Louis, MO, USA) and Immunopure(r)
IgM purification kit (Pierce Biotechnology; Rockford,
Illinois, USA) in accordance with manufacturer's
instructions. The concentrations of IgG and IgM were
measured by using an ND- 1000 spectrophotometer
(NanoDrop Technologies; Wilmington, Delaware, USA).
Inactivated H5N1 AVI (A/goose/Guangdong/97) was used
as a source of RNA to amplify HAl gene by RT PCR for
epitope mapping. Viral RNA was isolated from
virusinfected cells using LS Trizol reagent
(Invitrogen) as specified by the manufacturer. Reverse
transcription and PCR were performed with specific
primers for the HAl gene of H5 subtypes. The PCR
product then was sequenced by standard procedures.
AmplifiedDNA was cloned into pQE-30 vector, which in
turn was used for transformation of E.coli BL-21
competent cells. For baculovirus-mediated protein
expression, the genes then were cloned into pFASTBAC
Ta vector to construct a recombinant baculovirus
containing H5N1 HAl gene. The baculovirus was
subsequently used to infect SF9 insect cell line for
the amplification of the recombinant virus. For
selection of escape mutants, H5N1 AIV
(A/Vietnam/1203/2004/H5Nl) was used as the source of
RNA. These purified H5-subtype viruses or purified H5
HAl protein from baculovirus then were used to
immunize 6 to 8 week old female BALB/c mice
intramuscularly twice at intervals of two weeks. Each
animal was inoculated with 20-60 mg of purified H5-
subtype ATVemulsified with an equal volume of adjuvant
(SEPPIC, France). Three days before cell fusion the
mice were then given an intraperitoneal booster of the
same dosages of viruses. Blood sera from the mice were
then screened by Western blot and mice having the
highest antibody titer were selected for cell fusion.
Splenocytes obtained from the selected mice were
combined with SP2/0 myeloma cells in a 1:10 ratio in
50% polyethylene glycol (Sigma, mol. wt. 3350) to fuse
the cells and produce hybridomas (21). 



All experiments with live virus were conducted in a
biosafety level 3 containment laboratory (20) that has
met the CDC/NIH biosafety requirements, as specified
in Biosafety in Microbiological and Biomedical
Laboratories (BMBL) 4th Edition. The experiments also
complied with applicable WHO requirements as well as
those approved by the AVA and Ministry of Health (MOH)
of Singapore. Example 2 Screening of Hybridomas
Hybridoma culture supernatants were screened by
hemagglutination inhibition (HI) test and
immunofluroescence assay (IFA) as described below.
Hemagglutination Inhibition Test . H5N1/PR8 virus
obtained from CDC was used to infect 9 to 11-day old
embryonated chicken eggs (Chew's Poultry Farm,
Singapore) and incubated at 350C for 72-96 hours.
After propagation of the virus, allantoic fluid from
the chicken embryos was extracted and used as H5N1
viral antigen. The respective hybridoma culture
supernatants were subjected to HI test as described
previously (15) using chicken erythrocytes for
agglutination and 4 hemagglutination units of
H5N1/PR8virus strain. Serial dilutions of hybridoma
supernatants were initially diluted 1:50 and were then
incubated with. 4 HA units of the H5N1/PR8 virus
propagated in chicken embryos (inactivated with 0.1%
beta-propiolactone) and a 0.5% (vol/vol) suspension of
chicken erythrocytes per well. Antibody titers
corresponding to the reciprocal of the highest
dilution that inhibited hemagglutination were
expressed as geometric mean titers (GMTs).
Immxmoiluroescence Assay: Madin Darby Canine Kidney
cells (MDCK) cells that were grown in a 96-well plate
for 24 hours were infected with H5N1/PR8, H5N2 and
H5N3 viruses from the respective allantoic fluid. The
wells at alternate rows were used for negative
controls (uninfected MDCK cells). The 96-well plate
was placed in a humidified 350C, 5% CO2 incubator for
18-22 hours. When the infected cells reached a
cytopathic effect (CPE) of 75%, they were fixed with
100 ml of absolute ethanol for 10 minutes at room
temperature. Cells in 96-well plates were then washed
3 times with PBS, pH 7.4. Subsequently, the fixed
cells were incubated with 50 ml of the respective 



hybridoma supernatants for 1 hour at 37C. After 3
washings, the antigens were reacted and incubated with
fluorescein isothiocyanate (FITC)-conjugated
anti-mouse Ig (1:100 DAKO, Denmark) for 1 hour at 37
0C. For a more discriminating way of screening the
mAbs by IFA, additional controls were employed. As
mentioned earlier, uninfected MDCK cells were used as
negative controls. As an additional negative control,
cells were incubated with RPMI 1640. For positive
control, serum from immunized mouse at a 100- fold
dilution was used. By comparing MDCK cells incubated
with the respective hybridoma supernatants with the
different controls, the hybridoma supernatants which
gave positive staining were selected for cloning by
limiting dilution. A stable mAb producing hybridoma
was obtained by this procedure. Example 3
Characterization of H5-Subtype Monoclonal Antibodies
Stability of mAbs . The hemagglutination inhibition
test was performed on the respective hybridoma
supernatants obtained at different periods of time
(7th, 30th, 45th, 60th, 70th, and 90th days) to gauge
the stability of the cell lines. Dilution was
performed to calculate the end point. Hybridoma
supernatant of mAb 6B8 had an HI titer of 29 . The
titer remained stable even on the 90th day (see Figure
1). Thus, the hybridoma clone secreting mAb to H5
antigens was able to maintain a high titer value for a
long period of time.Isotvping of mAb . Isotypiag was
performed using a mouse mAb isotyping kit (Amersham
Bioscience, England). (Data not shown.) The isotypes
of 6B8, 8F10 and 2D10 were determined as IgM and 7H10
was determined as IgGl. MAbs Specificity Analysis .
The H5-subtype mAbs were cross-reacted with related H5
subtypes, AIV H5N2 and H5N3 and also with non-H5
subtype influenza viruses, H3N2, H4N1, H7N1, H9N2 and
H10N5. The HI test was used to test the
cross-reactivities. The results, illustrated in Figure
2, showed that there were no cross-reactions when
H5-subtype mAbs were exposed to non-H5 subtype viruses
H3N2, H4N1, H7N1, H9N2 and H10N5. MAbs 6B8, 2D10 and
8F10 had cross-reactivity with H5N2 and H5N3. Table 1
shows the efficacy of the respective H5 subtype mAbs
on frozen and formalinfixed tissues. In Table 1, a
semi-quantitative score was assigned to the
intensities of the 



observed signals in infected tissues as follows:
absent (-), mild (+), moderate (++), strong (+++) and
very strong (++++). RPMI 1640 was used as the control
for H5-subtype mAbs, and chicken tissue infected with
Newcastle disease was used as the control for H5N1
infected tissue. AI and H5 mAbs from other sources
were used for comparison to the H5-subtype mAbs of the
invention. Table 1 Immunohistochemical staining,
discussed below, further confirmed the specificity of
these H5 subtypes mAbs to H5N AIV. Virus
Neutralization of mAbs . MDCK cells and 10-day-old
embryos were used for determination of 50% tissue
culture infections dosage (TCID50) and 50% embryo
infectious dosage (EID50), respectively. MDCK cells (2
x 104 /ml) were allowed to grow to 70% -90% of
confluence. Allantoic fluids infected with the
respective viruses, using a series of dilutions
factors from 10" 1 to 10"8, were tested for TCID50 and
EIDsoby infecting both MDCK cells at their exponential
phase (highest sensitivity to virus infection)
and10-day old chicken embryos. Uninfected MDCK cells
and allantoic fluid were used as negative controls.
The cells were incubated at 35 C. and CPE was
observed. Using Reed and Muench mathematical technique
(9), the infectivity titer was expressed as TCED50/I00
ml and 1000 EDD50/200 ml, and the respective viruses
were each diluted to having 100 TCID50 and 500 EID50
in 50 ml and 100 ml, respectively. Serially diluted
mAb 6B8 was able to neutralize the final concentration
of 100 TCID50 and 500 EID5O of viruses in infected
MDCK cell and embryos. See Table 2. The data presented
in Table 2 also shows that mAb 6B8 was capable of
producing neutralizing activity with H5N1 viruses. The
numbers in Table 2 reflect the highest dilution ratio
of H5N1 viruses at which the mAbs were still able to
detect and neutralize the virus at a final
concentration of 100 TCID50 and 500 EID50 of viruses
in infected MDCK cell and embryos. Table 2 Selection
of escape mutants . Serial 10-fold dilutions of the
parental virus were mixed with equal volumes of mAb.
After incubation for 1 hour at room temperature, the
mixture was inoculated onto a monolayer of MDCK cells
in DMEM medium containing 



200 mg/ml TPCK-treated trypsin (Sigma) and 0.001 %
DEAE-dextran (Sigma). After 7 days at 35C, the virus
supernatant was collected and subjected to further
selection. For selection of escape mutants, H5N1 AIV
(A/Vietnam/1203/2004/H5Nl) was used as the source of
RNA. The escape mutants were clones to be compared
with parental sequence. An escape mutant was selected
using neutralizing mAb 6B8. The point mutation
responsible for the resistance to mAb 6B8
neutralization was determined to occur at nucleotide
614 on HAl sequence. The mutation involves the change
of nucleotide 614 from "A" to "C", which results in
mutation at amino acid 205 from lysine into threonine.
The ability of this mutation to allow the mutant virus
to escape mAb 6B8 neutralization was verified by
neutralization assay and hemagglutinin inhibition
assay. This result indicated the mAb 6B8 targets an
epitope containing amino acid 205 on hemagglutinin.Two
other neutralization epitopes were identified for mAbs
8F10 and 2D10 respectively by the same methods. The
results are set forth in Table 3, which shows the
location of mAb neutralization epitopes on the
hemagglutinin molecule of AIV (A/Vietnam/1203/2004
H5N1). Table3 Western blot. The recombinant H5N1-HA1
protein was subjected to 10% SDS-PAGE. The separated
proteins were immobilized to nitrocellulose paper. The
membrane was blocked with 5% non-fat milk in PBS
containing Tween-20 for 1 hour. After washing with
PBS-Tween, three times at 5 min each, the membrane was
incubated with the respective mAbs followed by
HRP-conjugated rabbit anti-mouse Ig (1:2000). The
membrane was then developed with 3,3'-diaminobenzidine
(DAB) for 5 min. The reaction was stopped by rinsing
with PBS-Tween. After each incubation, reagents were
washed by PBS-Tween, three times at 5 min each. MAb
7H10 was used as positive control because the latter
was derived from purified recombinant HAl, while RPMI
1640 was used as negative control. As illustrated in
Figure 3, H5-subtype MAb 7H10 is able to react with
the recombinant H5N1-HA1 protein. Bands formed on the
nitrocellulose membrane were 36 kDa. This is
equivalent to the molecular weight of the recombinant
protein. On the other hand, mAbs 6B8, 8F10, 2D10 and
RPMI 1640 gave negative 



results. Since 6B8 and the other mAbs target the viral
protein in its native form, this group of mAbs will
not be able to detect the viral protein by Western
blot. SDS-PAGE used in Western blot will unfold the
native proteins and linearize them, hence making
detection impossible.Example 4 Mapping the linear
epitope of mAb 7H10 The HAl gene of H5-subtype AIV was
dissected into 3 overlapping fragments by PCR and
expressed as a histidine fusion protein. Analysis by
Western blot with mAb 7H10 revealed that the epitope
is primarily found in the overlapping region of
fragments B and C (amino acids 201-266). To locate the
C terminus of this epitope, 8 truncated fragments were
designed and screened with mAb 7H10 (Fig 7a and b) by
Western blot. Amino acid 251 on HAl was found to be
the C-terminal amino acid of the epitope for 7H10. To
locate the N terminus of this epitope, 8 mutated
fragments was designed and screened with mAb 7H10.
Among the 8 mutants, amino acid 240-247 on HAl was
changed into alanine individually by certain primers.
According to the result of Western blot, the
N-terminal amino acid in the epitope is amino acid 244
on HAl (Fig 7c and d). These results indicated that
the linear epitope targeted by Mab 7H10 is located at
amino acids 244 to 251 inclusive on hemagglutinin of
H5-subtype AW. Example 5 Immunohistochemistry Thirty
H5N1-infected tissue specimens from year 2002-2006
were tested. They included different types of tissue
organs such as brain, kidney, liver, lung and
pancreas. They were in the form of either
paraffin-sectioned specimens or frozen sections. A
commercially available immunoperoxidase staining
system (Dako Cytomation EnVision + System-HRP (AEC))
was used for these specimens. The staining technique
involves two steps (16) to recognize bound antibodies
(20) based on a horseradish peroxidase labeled polymer
which is conjugated with secondary antibodies. Because
this kit does,not contain avidin or biotin,
non-specific endogenous avidin-biotin activity is
reduced substantially. 



Paraffin-sectioned . The results of the staining of
paraffin-sectioned specimens are shown in Figure 4.
Very strong positive signals were observed in infected
kidney tissues. There was a wide distribution of
signals seen throughout the kidney tissues, and each
signal had a very high intensity. On the contrary, the
lungs did not reflect such strong signals in terms of
distribution and intensity. Only the epithelium lining
of lung tissues were lightly stained. As for liver
tissue, signals were sparsely distributed. However,
each signal thatwas detected was intense. It was also
noted that for infected liver tissues, signals were
usually detected along the epithelium of bile ducts.
On closer examination, the bile ducts were observed to
be infected by flukes. These results show that mAb
7H10 is an H5- subtype AIV monoclonal antibody that is
able to retrieve H5 antigens from H5N1 infected
formalin-fixed tissues. Frozen-sectioned . The results
of staining frozen-sectioned specimens are shown in
Figure 5. Antibody 6B8 could detect strongly positive
signals on all specimens from different years. The
photomicrographs of these stained tissues clearly show
that it was the neurons of these infected brain
tissues that were stained. For both frozen and
paraffin sections, it was clearly seen that only
nucleus in the tissues were stained regardless of the
type of tissues. The principal lesion (20) of birds
infected with H5N1 virus were kidney and brain
tissues. The data in Table 1supra demonstrates the
ability of the mAbs of the invention to distinguish
H5-subtype AIV from avian influenza from other
sources. Example 6 Development of AC-ELISA Monoclonal
antibodies 7H10 and 6B8 were evaluated in an ELISA
procedure as follows: 6B8 (IgM) was serially diluted
in half-log increments and used to coat 96-well
flat-bottomed microtiter plates (Nunc, Demark).
Capture antibodies were suspended in 50 ml of
carbonate buffer (73 mM sodium bicarbonate and 30 mM
sodium carbonate). The microtiter plates were then
incubated at 370C for 1 hour or at 4C overnight. The
plates were washed three times with phosphate-buffered
saline (PBS) containing 0.05% Tween 20 (PBS-T) between
all subsequent incubation steps, and all dilutions
were made in PBST containing 1% nonfat milk. The
plates were blocked by incubation with 50 ml of 



blocking solution (5% nonfat milk in PBS-T) at 37C for
1hour, rinsed and incubated with 50 ml of purified
recombinant H5N1 recombinant HAl (100 ng) or H5 AIV at
37C for 1 hour. After rinsing, 50 ml of guinea pig
monospecific antibody IgG (diluted 1:480) was added,
incubated for 1 hour at 37C, washed and incubated with
50 ml of HRPconjugated rabbit anti-guinea pig
immunoglobulin diluted 1: 1000. Color was developed by
the addition of 50 ml of freshly prepared substrate
solution (o-phenylenediamine (OPD)), and absorbance at
490 tun was read with an ELISA reader (Tecan,
Switzerland). Optimal working dilutions of mAbs and
monospecific antibodies were determined by
checkerboard titration. Optimization conditions were
determined by comparing H5 AIV(H5N1, H5N2, H5N3) and
non-H5 AIV (H7N1 and H9N2) reactions to achieve t e
highest signal-to-noise ratio for this assay. The
signal-to-noise ratio was calculated by dividing the
absorbance of homologous antigen by that of
heterologous antigen. Monoclonal antibody 6B8 was used
as a capture antibody and also as a detection antibody
in AC-ELISA. Monoclonal antibody 6B8 showed stronger
reactivity than other monoclonal antibodies in the
ELISA. Such AC-ELISA by 6B8 is specifically applicable
to H5 subtype AIV detection and does not react with
any other AIV subtypes (Figure 6a). The detection
limit of the AC-ELISA is less than 0.5 HA Units
(Figure 6b). After checkerboard titration, the optimal
antibody concentration for the capture ELISA were
determined to be 600 ng per well for each mAb as
capture antibody and 800 ng per well of detector
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specifically to a linear epitope of the envelope 



glycoprotein of an H5 subtype of avian influenza virus
that has substantially the immunological binding
characteristics of monoclonal antibody 7H10. 2. The
binding protein of claim 1which is a monoclonal
antibody, a single chain antibody, an antibody
fragment, a chimeric antibody or a humanized antibody.
3. The binding protein of claim 1which is a monoclonal
antibody. 4. Monoclonal antibody 7H10 as produced by
hybridoma 7H10 which is deposited with the American
Type Culture Collection with Accession Number
PTA-8243. 5. A binding protein that binds specifically
to a conformational epitope of the envelope
glycoprotein of an H5 subtype of avian influenza virus
that has substantially the immunological binding
characteristics of monoclonal antibody 6B8, 8F10
or2D10. 6. The binding protein of claim 5 which is a
monoclonal antibody, a single chain antibody, an
antibody fragment, a chimeric antibody or a humanized
antibody. 7. The binding protein of claim 5 which is a
monoclonal antibody. 8. Monoclonal antibody 6B8 as
produced by hybridoma 6B8 which is deposited with the
American Type Culture Collection with Accession Number
PTA-8246. 9. Monoclonal antibody 8F10 as produced by
hybridoma 8F10 which is deposited with the American
Type Culture Collection with Accession Number
PTA-8245. 10. Monoclonal antibody 2D10 as produced by
hybridoma 2D10 which is deposited with the American
Type Culture Collection with Accession Number
PTA-8248.11. A method for detecting H5 subtype avian
influenza virus in a biological specimen which
comprises contacting the specimen with a binding
protein that binds specifically to a linear epitope of
the envelope glycoprotein of an H5 subtype of avian
influenza virus said binding protein having
substantially the immunological binding
characteristics of monoclonal antibody 7H10. 12. The
method of claim 11 wherein the binding protein is a
monoclonal antibody, a single chain antibody, an
antibody fragment, a chimeric antibody or a humanized
antibody. 13. The method of claim 11 wherein the
binding protein is a monoclonal antibody. 



14. The method of claim 13 wherein the monoclonal
antibody is antibody 7H10 as produced by hybridoma
7H10 which is deposited with the American Type Culture
Collection with Accession Number PTA-8243 15. A method
for detecting H5 subtype avian influenza virus in a
biological specimen which comprises contacting the
specimen with a binding protein that binds
specifically to a conformational epitope of the
envelope glycoprotein of an H5 subtype of avian
influenza virus said binding protein having
substantially the immunological binding
characteristics of monoclonal antibody 6B8, 8F10 or
2D10. 16. The method of claim 15 wherein the binding
protein is a monoclonal antibody, a single chain
antibody, an antibody fragment, a chimeric antibody or
a humanized antibody. 17. The method of claim 15
wherein the binding protein is a monoclonal antibody.
18. The method of claim 17 wherein the monoclonal
antibody is antibody 6B8 as produced by hybridoma 6B8
which is deposited with the American Type Culture
Collection with Accession Number PTA-8246.19. The
method of claim 17 wherein the monoclonal antibody is
antibody 8F10 as produced by hybridoma 8F10 which is
deposited with the American Type Culture Collection
with Accession Number PTA-8245. 20. The method of
claim 17 wherein the monoclonal antibody is antibody
2D10 as produced by hybridoma 2D10 which is deposited
with the American Type Culture Collection with
Accession Number PTA-8248. 2 1. The method of claim 15
which comprises contacting the specimen with a second
binding protein that specifically binds to the
envelope glycoprotein of an H5 subtype of avian
influenza virus, wherein the first binding protein is
a capture binding protein and the second binding
protein is a detector binding protein that contains or
is conjugated to a detectable element. 22. The method
of claim 2 1 wherein at least one of the first and
second binding proteins is a monoclonal antibody. 



23. The method of claim 2 1 wherein the first and
second binding proteins are monoclonal antibodies. 24.
The method of claim 2 1 wherein the first binding
protein is immobilized onto a solid surface. 25. The
method of claim 2 1 wherein the second binding protein
contains a radioactive atom, is conjugated to a
fluorescent molecule, or is conjugated to an enzyme.
26. A kit for detecting H5 subtype avian influenza
virus in a biological specimen which comprises a
binding protein that binds specifically to a linear
epitope of the envelope glycoprotein of an H5 subtype
of avian influenza virus said binding protein having
substantially the immunological binding
characteristics of monoclonal antibody 7H10 together
with reagents for the detection of binding of said
binding protein to said envelope glycoprotein.27. A
kit for detecting H5 subtype avian influenza virus in
a biological specimen which comprises a binding
protein that binds specifically to a conformational
epitope of the envelope glycoprotein of an H5 subtype
of avian influenza virus said binding protein having
substantially the immunological binding
characteristics of monoclonal antibody 6B8, 8F10 or
2D10 together with reagents for the detection of
binding of said binding protein to said envelope
glycoprotein . 28. The kit of claim 26 or 27 which
comprises a second binding protein that specifically
binds to the envelope glycoprotein of an H5 subtype of
avian influenza virus, wherein the first binding
protein is a capture binding protein and the second
binding protein is a detector binding protein that
contains or is conjugated to a detectable element. 29.
The kit of claim 28 wherein at least one of the first
and second binding proteins is a monoclonal antibody.
30. The kit of claim 28 wherein the first and second
binding proteins are monoclonal antibodies. 31. The
kit of claim 28 wherein the first binding protein is
immobilized onto a solid surface. 



32. The kit of claim 28 wherein the second binding
protein contains a radioactive atom, is conjugated to
a fluorescent molecule, or is conjugated to a enzyme.
33. A method of treating a fixed tissue specimen
infected with H5 subtype avian influenza virus with an
effective amount of a binding protein that binds
specifically to a linear epitope of the envelope
glycoprotein of an H5 subtype of avian influenza virus
that has substantially the immunological binding
characteristics of monoclonal antibody 7H10.34. The
method of claim 36 wherein the binding protein is a
monoclonal antibody, single chain antibody, antibody
fragment, chimeric antibody or humanized antibody. 35.
The method of claim 36 wherein the binding protein is
a monoclonal antibody. 36. The method of claim 36,
wherein the binding protein is monoclonal antibody
7H10. 37. A method of treating a subject infected with
H5 subtype avian influenza virus which comprises
administering to said subject an effective amount of a
binding protein mat binds specifically to a
conformational epitope of the envelope glycoprotein of
an H5 subtype of avian influenza virus that has
substantially the immunological binding
characteristics of monoclonal antibody 6B8, 8F10 or
2D10. 38. The method of claim 40, wherein the binding
protein is a monoclonal antibody, single chain
antibody, antibody fragment, chimeric antibody or
humanized antibody. 39. The method of claim 40,
wherein the binding protein is a monoclonal antibody.
40. The method of claim 40, wherein the binding
protein is monoclonal antibody 6B8. 4 1. The method of
claim 40, wherein the binding protein is monoclonal
antibody 8F10. 42. The method of claim 40, wherein the
binding protein is monoclonal antibody 2D10. 43. A
neutralization escape mutant of avian influenza virus
strain H5N3 which 



comprises a mutation within the epitope of the HA
sequence of said strainrecognized by monoclonal
antibody 6B8 such that the mutant virus cannot be
neutralized by the antibody. 44. The neutralization
escape mutant of claim 43 wherein said mutation is at
amino acid 205. 45. A neutralization escape mutant of
avian influenza virus strain H5N1 (PR8) which
comprises a mutation within the epitope of the HA
sequence of said strain recognized by monoclonal
antibody 8F10 such that the mutant virus cannot be
neutralized by the antibody. 46. The neutralization
escape mutant of claim 45 wherein said mutation is at
amino acid 210. 47. A neutralization escape mutant of
avian influenza virus strain H5N1 (PR8) which
comprises a mutation within the epitope of the HA
sequence of said strain recognized by monoclonal
antibody 2D10 such that the mutant virus cannot be
neutralized by the antibody. 48. The neutralization
escape mutant of claim 47 wherein said mutation is at
amino acid 175. 


