
Monoclonal Antibodies Specific to Hemagglutinin and Neuraminidase from Influenza Virus HS-Subtype
or N1-Subtype and Uses Thereof S FIELD OF THE INVENTION This invention relates to antibodies
and related binding proteins for the detection and treatment of avian 10 influenza virus (AAIV@). More
particularly, this invention relates to monoclonal antibodies and related binding proteins useful for the
detection and treatment of the highly pathogenic H5 and Ni subtypes of AIV and to methods and
products for the diagnosis, surveillance and treatment 15 of AIV infections in animals and humans.
BACKGROUND OF THE INVENTION H5N1 avian influenza virus may become the cause of the 20
next flu pandemic. Annual outbreaks of influenza A infection are an ongoing public health threat and
novel influenza strains can emerge periodically to which humans have little immunity, resulting in
devastating pandemics. The ASpanish flu@ pandemic of 1918, caused by the RINI 25 influenza virus,
killed more than 40 million people worldwide. The origin of H1N1 may have gone directly from birds to
humans, or it may have involved incubation in an intermediate host, such as the pig or another, as yet
unidentified, animal host (1).1 Both the 1957 pandemic and 30 the 1968 pandemic, caused by the
H2N2 and H3N2 influenza viruses, respectively, likely originated as reassortments in         124.
bibliography is provided at the end of the disclosure.  which one or both human-adapted viral surface
proteins were replaced by proteins from avian influenza strains (2).       The H5N1 virus has the ability
to infect an unprecedented range of hosts, including carnivores. The 5 first confirmed instances of AIV
H5N1 infecting humans took place in 1997. Highly pathogenic H5N1 infections occurred  in both
poultry and humans. This was the first time an avian influenza virus transmission directly from birds to
humans had been found. Thereafter, according to the World 10 Health Organization (WHO), the total
number of human H5N1 cases, since the initial outbreaks in south-east Asia which occurred in 2003,
has reached 281, with 169 deaths. Indonesia reported its first human case of avian flu caused by the
H5N1 virus in June of 2005. To date, it is the only 15 country to report cases in 2007, with 81
confirmed human cases, 63 of which were fatal, as of March, 2007. 



Influenza viruses are classified according to their nucleoprotein and matrix protein antigenic specificity.
These viruses are categorized mainly into A, B and C 20 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 (23). Influenza A virus is 25 further divided into subtypes according to the antigenic
nature of the envelope glycoproteins, hemagglutinins  (AHAs@), H1 through H16, and neuraminidases
(ANAs@), Ni through N9 (24, 25, 26). It is believed that proteolytic cleavage of RA protein at the
HA1-HA2 junction is related to 30 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 attachments to host cell sialoside receptors and subsequent
entry by membrane fusion  (27), and HA protein is thought to serve as a primary target for neutralizing
antibodies (26).       Testing during an outbreak of an acute respiratory disease can determine if
influenza is the cause. During 5influenza season, testing of selected patients presenting with
respiratory illnesses compatible with influenza can help establish whether influenza is present in a
specific patient population and help health-care providers determine how to use their clinical judgment
for diagnosing and 10 treating respiratory illness. A rapid influenza test helps in the determination of
whether to use an antiviral medication. Some tests, such as a viral culture, reversetranscriptase
polymerase chain reaction (RT-PCR) and serological testing are the routine methods, but results may
15 not be available in a timely manner to assist clinicians (3). At present, most of the rapid diagnostic
tests currently in use are monoclonal antibody-based immunoassays (3, 4, 5). Immunofluorescence
(fluorescent antibody staining) is the alternative to rapid influenza diagnostic 20 tests which can be
used in many hospital laboratories and generally can yield test results in 2-4 hours. Above all, specific
monoclonal antibody generation is fundamental to most currently used rapid, sensitive and
cost-effective diagnostic methods. 25The identification of regionally distinct sublineages has indicated
that the H5N1 virus is geographically broad with great genetic and antigenic diversity. Phylogenetic
analysis showing that all viruses from Indonesia form a distinct sublineage of H5N1 genotype Z viruses
suggests that 30 this outbreak likely originated from a single introduction that spread throughout the
country (14, 15). It would be very useful to have available monoclonal antibodies which specifically
recognize Indonesia influenza isolates. It  further would be useful to have available such mAbs which
also cover Vietnam and Singapore influenza isolates. OBJECTS OF THE INVENTION       An object of
this invention is to provide monoclonal antibodies (AmAbsC and related binding proteins that bind
specifically to 1-15 and Ni subtypes of AIV, particularly to H5 and Ni Indonesia AIV isolates. The
specificity of 



10 monoclonal antibody responses provides a basis for effective diagnostic reagents. MAbs and
binding proteins derived therefrom also can be useful as therapeutic agents. SUMMARY OF THE
INVENTION 15       In accordance with the present invention, monoclonal antibodies and related
binding proteins that are specific for linear and conformational epitopes of the 1l5 subtype
hemagglutinin glycoprotein or linear and conformational 20 epitopes of the Ni subtype neuraminidase
glycoprotein are provided. MAbs to linear H5 epitopes are able to detect H5N1 and other HE subtype
virus strains in denatured specimens, such as formalin-fixed tissue specimens, with good specificity
and sensitivity, while those that target HE 25 or Ni conformational epitopes are useful for detecting
H5N1 and other Ni subtype virus in tissues which have not been pre-treated, such as frozen tissue
specimens and other biological tissues and fluids. MAbs to H5 epitopes and mAbs to Ni epitopes can
be used in combination to specifically 30diagnose H5N1 virus isolates.      In particular, a mAb
designated 5A5 targets a linear epitope of HS-subtype hemagglutinin. Other mAbs, designated 5C5,
2D9, 4F8, 1C1, 3B6, 2F11, 9C1 and 3H11, target conformational epitopes of H5-subtype
hemagglutinin. A mAb  WO 2009/035420PCT1SG2008/000347 designated 81112 targets a linear
epitope of N1-subtype neuraminidase, and two further antibodies, designated 6C6 and 33)4, target
conformational epitopes of N1-subtype neuraminidase. 5Accordingly, this invention comprises a
binding protein having substantially the immunological binding characteristics for a linear 115-subtype
hemagglutinin epitope as those of mAb 5A5 and a binding protein having substantially the
immunological binding characteristics for 10 a linear N1-subtype neuraminidase epitope as those of
mAb 81112. The invention further comprises a binding protein having substantially the immunological
binding characteristics for a conformational H5-subtype hemagglutinin epitope as those of mAb 5C5,
2D9, 4F8, 1C1, 153B6, 2F11, 9C1 and 31111. The invention also comprises a binding protein having
substantially the immunological binding characteristics for a conformational N1-subtype neuraminidase
epitope as those of mAb 6C6 or 33)4. In a further aspect, the invention comprises a method 20 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 5A5, 5C5, 23)9,
4F8, 1C1, 3B6, 2F11, 9C1 or 3H11. The invention also comprises a method fOr 25 detecting Ni
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 6C6, 33)4 or 81112. In
particular, the invention relates to immunofluorescence assays, 30 immunohistochemical assays and
ELISA methods that utilize such binding proteins. The antibodies which recognize H5 subtype AIV can
be used in combination with the antibody which recognizes Ni subtype AIV to detect H5N1 virus.  WO
2009/035420PCUSG2008/000347 



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 5A5, 5C5, 209, 4F8, 1C1, 336,
2F11. 9C1, 3H11, 8H12, 31)4 and/or 6C6.       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 10 binding proteins having
substantially the immunological binding characteristics of mAb 5C5, 21)9, 4F8, 2F11, 9C1, 3H11, 31)4
or 6C6. BRIEF DESCRIPTION OF THE DRAWINGS       Figures 1A-1D are representative IFA images
comparing MDCK cells infected with AIV H5N1 against MDCK cells without virus infection. Figure lA is
an image in which H5N1 is detected in MDCK cells. In Figure 1B, the merge of 20 ultraviolet light and
normal light indicated the individual cells infected by virus compared to uninfected cells. There was no
fluorescence signal on MDCK cells without virus infection as shown in Figure 1C. Figure 11) shows the
merge of ultraviolet light and normal light on the same cells as 25in Figure 1C.       Figures 2A and 23
show monoclonal antibody neutralization activity of influenza virus on MDCK cells. In Figure 2A,
MDCK cells were stained with FITC fluorescence after monoclonal antibodies neutralized H5N1 virus
30infection. In Figure 213, MDCK cells were stained with FITC fluorescence without monoclonal
antibody neutralization of H5N1 virus infection.       Figures 3A and 33 show SDS-PAGE and
Western-blotting to identify the binding between mAbs and linearized recombinant  HAI.. In Figure 3A,
HAI is about 37 kD and the expressed GST-tagged HAD_ is about 61 kD at the SDS-PAGE gel. GST
alone is 26 kD. In Figure 33, Western blotting indicated recombinant HA' reacting with mAB 5A5.
Except for the major 5 band at 61 kD, there were smaller bands which suggested degradation when
GST-HAl was expressed in E. coil. Lane 1, E. coli sample without IPTG-inducing expression; lanes 2 &
3, IPTG-inducing GST-HAl expressed in E. coll.; lane 4, purified GST sample. 10Figures 4A and 43
illustrate mapping the linear epitope of mAb 5A5.Figure 4A is a schematic diagram of the
hemagglutinin protein HAI, showing the clone constructs for the expression of the different lengths of
HAI fragments and their reactivities with mAb5A5. Figure 43 is a schematic 15 diagram of the mutant
hemagglutinin HAl fragments, showing the clone constructs for the expression of the different
mutations on the RA1 fragments and their reactivities with mAb 5A5. Figures 5A and 5B show the
typical reaction between mAb 20 6C6 or 3D4 and expressed recombinant Nl. Figure 5A shows the
expressed recombinant Ni being detected in Sf9 cells. In Figure 5B, the merge of ultraviolet light and
normal light indicated the individual cells.            Figures 6A and 6B show SDS-PAGE and Western
blotting to 25 verify expressed NA. 



Figures 7A, 73 and 7C show monoclonal antibody neutralization activity of influenza virus on MDCK
cells. In Figure 7A, MDCK cells were observed by microscopy after monoclonal antibodies neutralized
H5N1 virus infection. In 30 Figure 73, MDCK cells were observed by microscopy without monoclonal
antibody neutralization of H5N1 virus infection as a CPE positive control. In Figure 7C, MDCK cells
were shown in the absence of both virus and mAb as a CPE negative control.  DETAILED
DESCRIPTION OF THE INVENTION       The present invention is directed to mAbs and related
antigen-binding proteins that bind specifically to the AIV H5 subtype hemagglutinin glycoprotein or the
AIV N1 subtype neuraminidase glycoprotein. In particular, the mAb or related antigen binding protein
possesses the immunological 10 binding characteristics of mAb 5A5 as produced by hybridoma 5A5,
deposited with the American Type Culture Collection (ATCC) on July 10, 2007, and assigned
Accession Number PTA-8528, mAb 505 as produced by hybridoma 505, deposited with the ATCC on
July 10, 2007, and assigned Accession Number 15 PTA-8529, mAb 606 as produced by nybridoma
606, deposited with the ATCC on July 10, 2007, and assigned Accession Number PTA-8526, mAb
2D9 as produced by hybridoma 2D9, deposited with the ATCC on July 29, 2008, and assigned
Accession Number PTA-9396, mAb 4F8 as produced by hybridoma 20 4F8, deposited with the ATCC
on July 29, 2008, and assigned Accession Number PTA-9397, mAb 101 as produced by hybridoma
101, deposited with the ATCC on July 29, 2008, and assigned Accession Number PTA-9398, mAb
3B6 as produced by hybridoma 3B6, deposited with the ATCC on July 29, 2008, and assigned 25
Accession Number PTA-9399, mAb 3D4 as produced by hybridoma 3D4, deposited with the ATCC on
July 29, 2008, and assigned Accession Number PTA-9395, mAb 8H12 as produced by hybridoma
8H12, deposited with the ATCC on July 29, 2008, and assigned Accession Number PTA-9394, mAb
2F11 as produced by hybridoma 302F11, deposited with the ATCC on July 16, 2008, and assigned
Accession Number PTA-9373, mAb 901 as produced by hybridoma 901, deposited with the ATCC on
July 16, 2008, and assigned Accession Number PTA-9372, or mAb 3H11 as produced by hybridoma
3H11, deposited with the ATCC on July 16, 2008,  WO 2009/035420PC T/SC 2008/000347 and
assigned Accession Number PTA-9374. All deposits were made in accordance with the provisions of
the Budapest Treaty. The invention further embodies these hybridomas and provides a continuous
source of the mAbs and binding 5 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 further relates to methods of 10 treating a subject
infected with an H5 or Ni 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 Indonesian isolate of H5N1 subtype of AIV. 15 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 1-15 or Ni AIV infections. 



20Various 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 cross- 25 reactivity 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 30 amino acid 260 to about amino acid 269 of the hemagglutinin protein encoded by the
HAI 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 Aconformational
epitope@ refers to a mAb or related binding protein binding site that exists in the HE-subtype
hemagglutinin glycoprotein or N1-subtype neuraminidase glycoprotein in its native three-dimensional
5form. The term Abinding 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 10 the present invention. The present invention advantageously provides
methods for preparing monoclonal antibodies having the binding characteristics of mAb 5A5 by
immunizing an animal with AIV subtype H5N2 (A/chicken/Singapore/98), preparing monoclonal 15
antibodies having the binding characteristics of mAb 505 by immunizing an animal with AIV subtype
H5N2 (A/chicken/Singapore/98) or preparing monoclonal antibodies having the binding characteristics
of mAb 6C6 by immunizing an animal with AIV subtype H7N1 (A/chicken/Singapore/94). 20 The
invention further advantageously provides methods for preparing monoclonal antibodies having the
binding characteristics of mAb 2D9 and of mAb 3B6 by immunizing an animal with AIV subtype H5N2
(A/chicken/ Singapore/98). The invention also provides methods for preparing monoclonal 25
antibodies having the binding characteristics of mAb 2F11 or 9C1 by immunizing an animal with
escape mutants from parental avian influenza virus A/Vietnam/1203/2004/H5N1 with a mutation at
amino acid 205 from lysine into methionine, or preparing monoclonal antibodies having the binding 30
characteristics of mAb 3H11 by immunizing an animal with AIV subtype
A/Indonesia/CDC669/2206/H5N1. The invention additionally provides methods for preparing
monoclonal antibodies having the binding characteristics of mAb 3D4 and of mAb 8H12 by immunizing
an animal with AIV subtype H7N1  WO 2009/035420PCT/8G2008/000347  (A/chicken/Singapore/94),
and methods for preparing mAbs 4F8 and 1C1 by immunizing an animal with AIV subtype H5N2
(A/chicken/ Singapore/98. Any such antigen can be used as an immunogen to generate antibodies
with the desired 



5immunological 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 5A5, 505, 2D9, 4F8, 101, 3B6, 2F11, 901, 3H11, 8H12, 606 or
103D4.       The mAbs of the present invention can 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 15 originally developed in 1975 by Kohler and Milstein (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., in Monoclonal Antibodies 20and Cancer Therapy Alan R. Liss, Inc., pp 77-96
(1985)). Human antibodies can be used and can be obtained by using human hybridomas (Cote et al.,
1983, Proc. Nat=l. Acad. Sci. U.S.A., 80:2026-2030) or by transforming human B cells with EBV virus
in vitro (Cole et al., 1985, in Monoclonal 25Antibodies 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 312:604-608; Takeda et
al., 1985, Nature 314:452-454) 30 by introducing sequences from a murine antibody molecule of the
present invention, e.g., mAb 5C5, 5A5, 6C6, 2D9, 4F8, 101, 3B6, 3D4, 8H12, 2F11, 9C1 or 3H11,
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 5 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 10the 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 Fab fragments with the
desired specificity for the antibody of the present invention, or its derivatives, or analogs. Antibody
fragments that contain the idiotype of the 20 antibody molecule can be generated by known
techniques. For example, 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 25 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 30 desired antibody can be accomplished by techniques
known in the art, e.g., radioimmunoassay, ELISA (enzyme-linked 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 5immunoelectrophoresis 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 10 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 5 in the art relating to the detection
or localization of the 115 or N1 subtype of AIV, e.g., Western blotting, ELISA, radioimmunoassay,
immunoflnorescence assay, immunohistochemical assay, and the like. The techniques disclosed
herein may be applied to the qualitative and 20 quantitative determination of the HE subtype of AIV
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
25 HE 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. 30 Such
assay or test kits further may comprise 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 5 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 10 second antibody or binding protein that can be
labeled or can 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 AIV. Such second antibodies or
binding proteins may be polyclonal or 15 monoclonal antibodies.       Monoclonal antibodies to
H5-subtype hemagglutinin or N1-subtype neuraminidase protein can be prepared by immunizing
animals with AIV or 115 or N1 protein or fragments thereof. A preferred method for antibodies to
115-subtype 20 hemagglutinin protein involves amplification of the US-subtype HA1 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, 115N1 AIV is propagated by inoculation of chicken 25
embryos with available strains of the virus, followed by isolation of the viral RNA. The HAI 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 30 produced
then can be used to immunize mice or other suitable species for production of hybridomas. Similar
procedures can be used to obtain Ni proteins for hybridoma production.      Hybridomas are screened
for their ability to produce high affinity mAbs that are capable of specifically binding  



to H5 or Ni 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 confol.mational
epitopes in the H5-subtype 5 hemagglutinin proteins. This finding resulted from the' generation of virus
escape mutants in the presence of each neutralizing mAb after 1-2 rounds of selection in MadinDarby
canine kidney (MDCK) cells or chicken embryos. The HAl gene was cloned from these neutralization
escape mutants 10 by RT-PCR and sequenced to identify point mutations. In this panel of antibodies,
neutralization epitopes were found in mAbs 5C5, 2F11, 9C1 and 31111. Neutralization-escape ability
was confirmed using hemagglutination inhibition assays. 15HAl contains 338 amino acids, including
the signal peptide of 16 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 20 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 25for further study and a more effective clinical diagnosis of the
infectious 1-I5N1 AIV.       The present invention also has provided a better understanding of the
antigenic structure of AIV 115 hemagglutinin and Ni neuraminidase molecules. The mAbs and 30
related binding proteins of the invention provide a means for detecting this highly pathogenic virus in
frozen sections and biological specimens.       The ability to detect viruses in paraffin sections is of
great importance. Under most circumstances, AIV antigens  WO 20091035420PCT/SG2008/000347 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, thus increasing the
difficulties in viral 5 antigen detection. Therefore, this form of diagnosis has the potential to provide a
safer and more precise diagnosis of AIV-infected animal and human tissues.       As illustrated in the
examples below, mAb 5A5 is highly efficacious and sensitive to viral antigen in formalin-fixed 10
tissues. This antibody allows infected regions to be easily visualized under a light microscope.
Antibody 5A5 does not have hemagglutinin inhibition or viral neutralization activities; however, it
exhibits positive results in immunofluorescence assay and in Western blot analysis, 15 strong bands
that correspond to the recombinant H5N1-HA protein (MW 36kDa) are observed.       MAID 8H12 also
is highly efficacious and sensitive to viral antigen in formalin-fixed tissues. This antibody also allows
infected regions to be easily visualized under a 20light microscope.       In contrast, mAbs 5C5, 2D9,
4F8, 1C1, 3B6, 6C6, 3D4, 2F11, 9C1 and 31111 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 25 react
with different viral epitopes. Through epitope mapping, mAbs 5A5 and 81112 were determined to
target linear epitopes. They could only detect viral antigens when the tissues were subjected to
intensive heat treatment. Under such harsh antigen retrieval methods, surface proteins of 30 the virus
were destroyed and left nucleoprotein of the virus exposed. Therefore, mAbs that target linear
epitopes did not work as well on frozen tissue sections. 



Monoclonal antibodies 5C5, 2D9, 4F8, 1C1, 3B6, 6C6, 3D4, 2F11, 9C1 and 31111 were deteimined to
target  WO 2009/035420PCT/SG20081000347 conformational epitopes of the H5N1 virus. Epitope
mapping was used to make this determination for mAb 5C5, 21)9, 4F8, 2F11, 9C1 and 3H11; the
determination of mAb 6C6 and 3D4 was made on the basis that the antibodies could not recognize 5
denatured neuraminidase from SDS-PAGE. These antibodies were able to bind and to recognize viral
antigens without prior treatments of the tissue sections. This invention provides convenient, highly
specific and sensitive means for detecting H5 and Ni subtypes of AIV. 10 One such means is the
ELISA format. In a preferred embodiment mAbs 5A5, 5C5, 2D9, 4F8, IC1, 3H6, 2F11, 9C1 and 3H11,
alone or in combination, are used as capture antibodies. It has been found that the combination of
mAbs 5A5 and 5C5 provides high optical density readings in 15 detection of H5-subtype AIVs in
comparison to either antibody alone or in other combinations described herein. While not bound by
theory, a possible explanation of these results is that the two antibodies react with different epitopes
on the HAI protein and are of different antibody 20 subclasses, therefore providing multiple binding
sites.       If the antibodies are used alone, the selected antibody can be used, for example, as a
capture antibody and the same antibody conjugated with horseradish peroxidase (HRP) can be used
as the detecting antibody. The 6C6, 31)4 and 8H12 25 antibodies can be used similarly as capture
antibodies for the detection of N1 subtype strains of AIV.      Monoclonal antibodies against
conformational epitopes maintain important biological functions, such as hemagglutination inhibition
and neutralization activity, 30 while mAbs against linear epitopes also are advantageous for diagnostic
uses. Therefore, the application of mAb 5A5 and of mAbs 5C5, 21)9, 4F8, 1C1, 3B6, 2F11, 9C1 and
3H11, which are against linear and conformational epitopes, respectively, might contribute greatly to
the high  sensitivity of ELISA procedures. Similarly, the application of mAb 8H12 and of mAbs 6C6 and
3D4, which are against linear and conformational epitopes, respectively, of N-1 neuraminidase may
contribute greatly to the high sensitivity of ELISA procedures. The approach of using two mAhs also
may be used to develop other immunological methods to detect 115 and Ni viruses, such as, for
example, by dot-blot and in situ hybridization foimats. A preferred ELISA test of this invention is able to
10 detect HA antigen from H5N1 AIV infecting poultry and humans in Indonesia, indicating the utility of
the invention for detecting both avian and human H5N1 infections.       The H5-subtype and
N1-subtype mAbs of this invention have advantages over other current methodologies as 15diagnostic
tools. First, mAbs SAS, 5CS, 21)9, 4F8, 1C1, 336, 2F11, 9C1 and 31411 are highly specific for the
highly infectious HS-subtype AIV, and all but the 9C1 mAb have been shown to recognize all, or nearly
all, known Indonesian strains of H5N1. In addition, mAbs 6C6, 3D4 and 8H12 are 



20 highly specific for N1-subtype AIV and can be used to diagnose infections of Ni subtype viruses,
including all, or nearly all, known Indonesian strains of 145N1. Such highly specific monoclonal
antibodies represent a breakthrough in the field of avian influenza diagnosis. Prior to the 25 present
invention, no monoclonal antibody had been reported that could detect all, or nearly all, Indonesian
H5N1 viruses. All but one of the monoclonal antibodies of the present invention have been shown to
recognize all, or essentially all, of the H5N1 viruses collected in Indonesia 30 within the last two years.
MAb 6C6, 3D4 or 8H12 can be used in combination (together or sequentially) with mAb SAS, 5C5,
2D9, 4F8, 1C1, 336, 2F11 or 3H11 to pinpoint that a particular isolate is an H5N1 isolate. Additionally,
the ability of the mAbs to detect and accurately localize H5  WO 2009/035420PCT/SG2008/000347
viral antigen in infected formalin-fixed tissue as well as in serological tests, such as HI and IFA,
represent a distinct advantage. Furthermore, these mAbs provide a safe and convenient diagnostic
approach for the detection of H5 5 and Ni AIV infections. Frozen section slides can be cryogenically
stored for long periods of time and facilitate further diagnosis and surveillance of infections. The
antibodies of this invention thus are useful for the diagnosis of H5N1 infections. As discussed below,
mAbs of 10 this invention also are useful for treatment of H5N1 infections. Accordingly, mAbs of this
invention will be very useful tools in restraining a potential flu pandemic. Another embodiment of the
invention relates to neutralization escape mutants of 145 avian influenza. The 15 telm Aneutralization
escape mutant@ refers to a mutant virus raised by point mutations in the genes encoding
hemagglutinin which caused antigenic drift in the HE or Ni virus and affect neutralization epitopes. A
neutralization escape mutant can evade neutralization by certain monoclonal 20 antibodies that are
effective in neutralizing its parent virus. In 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 25 for the neutralization mAb is
cloned and subjected to HA' 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. 30 In the present
invention, 5C5 escape mutants arise from A/Indonesia/CDC669/H5N1 AIV by the 5C5 neutralization
monoclonal antibody. The mutation sites are listed in Example 3, Table 4, below. 2F11 escape
mutants arise from A/Vietnam/1203/2004/H5N1 by the 2F11 neutralization  monoclonal antibody. 9C1
escape mutants arise from the K189M mutant of A/Vietnam/1203/2004/H5N1 by the 9C1 neutralization
monoclonal antibody. In addition 3H11, 2F9 and 9C1 escape mutants arise from
A/Indonesia/CDC66912006/H5N1. The 5mutation sites are listed in Example 3, Table 4, 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 10 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 15 viruses other than the 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. 20In a
further embodiment of the invention, antibodies and related binding proteins of the invention can be 



administered to treat subjects suffering from an 115 AIV infection, particularly an infection from an
115111 subtype of AIV. Antibodies and related binding proteins of the 25invention 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. 30 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  WO 2009/035420PCT/SC2008/000347
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 5 determined and adjusted at the time of 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, 10 the dosage of antibody administered is within the range of about 0.1 mg/kg to
about 1 mg/kg body weight when the antibody is administered to treat patients suffering from an H5
AIV infection. Typically, the dosage is reduced by about half, i.e. to within the range of about 0.05
mg/kg to about 150.5 mg/kg body weight, when administered as a preventive measure.       A single
neutralizing antibody or binding protein of the invention can be administered for therapeutic purposes
or a combination of two or more can be administered. If 20 antibodies to one or more generations of
neutralization escape mutants have been produced, such antibodies and an antibody of the invention
described above can be administered as therapeutic antibody Acocktails.@ Preferred antibodies for
use as a therapeutic agent include the 5C5, 2521D9, 2F11, 9C1, 3H11 and 4F8 mAbs.       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. 30  Example 1 Production of Hybridomas All live wild type H5N1 influenza viruses,
except 5 H5N1/PR8, were obtained from Indonesia. H5N1/PR8 was obtained from the Center for
Disease Control (USA). It is a non-pathogenic recombinant virus that contains the HA and NA genes of
an ATV H5N1 virus that infected a human in Vietnam (A/Vietnam/1203/2004). H5N2
(A/chicken/Singapore/98) and 10 H7N1 (A/chicken/Singapore/94) were obtained from Agri-Food &
Veterinary Authority (AVA) of Singapore. These virus stocks were used to infect 9 and 11 day old
embryonated chicken eggs (Chew=s Poultry FaLm, Singapore) and allowed to replicate for two
generations Then, allantoic fluid was 



15 drawn and viral titer was determined using hemagglutinin assay (HA). Inactivated H5N1
(A/goose/guangdong/97) was used for RNA extraction to amplify HAl gene by RT-PCR. Madin Darby
kidney cells (MDCK, ATCC CCL34) cells were grown in DMEM media with 10% FBS at 37E C with 5%
CO2. 20Purification of the viruses was performed by centrifugation of virus-containing allantoic fluids
at 10,000 .14.2m for 30 minutes to remove debris, followed by ultracentrifugation of the supernatant at
40,000 rpm for 3 hours. The virus pellet was suspended in PBS. 25Monoclonal antibodies were
purified from clarified fluids using protein A affinity column (Sigma Aldrich; St. Louis, MO, USA) and
Immunopure7 IgM purification kit (Pierce Biotechnology; Rockford, IL, USA) in accordance with
manufacturer=s instructions. The antibody concentrations 30 were measured by using an ND-1000
spectrophotometer (NanoDrop Technologies; Wilmington, DE, USA). BALB/c mice were immunized
with inactivated avian influenza virus of H5N2(A/chicken/Singapore/98) or H7N1
(A/chicken/Singapore/94) with the oil adjuvant Montanide  ISA563 (Seppic, France) in a volume of 0.2
ml. Intraperitoneal injections were delivered on days 0, 14, 28 and 42. Splenocytes from immunized
mice and myeloma cells (SP2/0) were collected and fused as described by De St. 5 Groth and
Scheidigger to produce hybridomas (16). After selection with hypoxanthine-aminopterin-thymidine
(HAT) medium, culture media from the hybridomas showing significant growth after 14 days were
tested for the presence of specific antibodies against H5N1/PR8-infected 10 MDCK cells by
immunofluorescence assay (IFA). Selected hybridomas were cloned by limiting dilution, re-identified,
cloned a second time, and retested by IFA. Once established, the hybridoma line was propagated in
tissue culture and frozen in liquid N2 for future use. lSHybridomas from which each of the specific
monoclonal antibodies of the present invention was obtained were made in accordance with these
general procedures. Example 2 20Screening of mAbs by IFA Immunofluorescence assay was used to
verify the interaction between an antibody and the antigen target. MDCK cells which had been infected
with influenza virus 25(H5N2 (A/chicken/Singapore/98) or H7N1 (A/chicken/Singapore/94) overnight
were rinsed with PBS-T 



(0.05% Tween-20 in PBS, pH 7.4) in 96 well plates. The cells were fixed by incubating them in
pre-cooled 100% ethanol for 10 minutes. The cells were washed in PBS-T 3 30times, then incubated
in 1% BSA, PBS-T for 30 minutes to block unspecific binding of the antibodies. They then were
incubated with 100 pL of hybridoma culture fluid in wells of 96-well plates for 2 hours at room
temperature or overnight at 4 EC. The cells were washed with PBS-T and incubated  with secondary
antibodies, fluorescently labeled goat/rabbit anti-mouse antibodies (DakoCytomation, USA), at a
dilution of 1:100 in 1% BSA, PBS-T, for 60 minutes at room temperature. The wells were washed with
PBS-T. The PBS-T 5 was discarded and 50% glycerol in PBS was added. Fluorescence signals were
checked under a microscope with ultraviolet light.       Uninfected MDCK cells were used as negative
controls. Serum from a mouse immunized with inactivated 1-15N1 virus was 10 used as positive
antibody control. By comparing MDCK cells incubated with the respective hybridoma supernatants
with the controls, the hybridoma supernatants which gave positive staining were selected for cloning
by limiting dilution. Stable mAb producing hybridomas were obtained by this 5 procedure.
Antibodies designated mAb 5A5, 5C5, 21)9, 4F8, 1C1, 2F11 and 3B6 were found to bind to HSN1
hemagglutinin from all 25 isolates from Indonesia, as well as to H5N1/PR8 and H5N2. MAID 3H11
binds to hemagglutinin from almost all of the 25 20 Indonesian isolates, but not to H5N1/PR8 and
H5N2. MAbs 6C6, 31)4 and 8H12 were found to bind to neuraminidase from all of the H5N1 isolates
from Indonesia, as well as H5N1/PR8 and H7N1. MAID 9C1 has been shown to bind to a specific
Indonesian strain of H5N1; as this antibody was generated 25from an escape mutant of a particular
strain, it specifically binds to strains of AIV clade 1 with a non-lysine as the 205th amino acid of H5.
This unique property of the 9C1 mAb enables it to combine with other 205-lysine specific mAbs in
therapeutic applications without the 30concerns of virus evasion.       The AIV strains which react with
the mAbs of this invention are listed in Table 1 below. Representative IFA images are shown in Figure
1.  Table 1. MAbs (target) 5A5 (H5) 5C5 (H5) 6C6 (Ni), 3D4 (Ni) in (H5), 



386 (H5) 2D9 (H5), 4F8 (H5) 8H12 (Ni) 2F11 (H5) 3H11 (H5) 9C1 (H5) A/Indonesia/ chicken/ 60/2006(
H5N1)   +  +    N.T. A/Indonesia/ CDC7/ 2005(H5N1) +   



+  +   N.T. A/Indonesia/ CDC326/ 2006(H5N1)  +       N.T. A/Indonesia/ CDC329/ 2006(H5N1)        +
N.T. 



TE17Indonesia/ CDC370/ 2006(H5N1) +       En N.T. A/Indonesia/ CDC390/ 2006(H5N1) +        N.T.
A/Indonesia/ CDC523/ 2006(H5N1)      



N.T. A/Indonesia/ CDC594/ 2006(H5N1) +   +    -  A/Indonesia/ CDC623/ 2006(H5N1)         N.T.
A/Indonesia/ CDC644/ 2006(H5N1)  



+  N.T. A/Indonesia/ CDC669/ 2006(H5N1)  +   +    + A/Indonesia/ TLL001/ 2006(H5N1)  +      



N.T. A/Indonesia/ TLL002/ 2006(H5N1) +        N.T. A/Indonesia/ TLL003/2006 (H5N1) +        N.T.
A/Indonesia/ TLL004/ 2006(H5N1)  +  



+    N.T.  WO 2009/035420PCT/SC2008/000347 A/Indonesia/ TLL005/ 2006(H5N1)         N T
A/Indonesia/ TLL006/ 2006(H5N1)   +    4- 



A/Indonesia/ TLL007/ 2006(H5N1)    +  + +  N T. A/Indonesia/ TLL008/ 2006(H5N1)   +      N.T.
A/Indonesia/ TLL009/ 2006(H5N1)   + 



N.T. A/Indones a/ TLL010/ 2006(H5N1    +  +   N.T. A/Indonesia/ TLL011/ 2006(H5N1)      +   N.T. 



A/Indonesia/ TLL012/ 2006(H5N1)         N.T. A/Indonesia/ TLL013/ 2006 (1-15N1)         N.T.
H5N1/PR8     



-  A/chicken/ Singapore/ 98(H5N2)          (H7N1)          (H3N2 



_    (H9N2)          (H1ON5)       



Note: "+" means positive, "-" indicates negative, "N.T." means the test has not been done. Example 3
Characterization of H5- and N1-Subtype mAbs    Isotyping of mAbs. Isotyping was performed using a
mouse 10 mAb isotyping kit (Amersham Bioscience, England) following the protocol supplied with the
kit (data not shown). MAbs  5A5, 606, 2D9, 4F8, 101, 3B6, 3D4, 8H12, 901 and 3H11 all were
determined to be IgGl. MAb 5C5 was determined to be IgG2a, and mAb 2F11 was determined to be
IgM. 5 Hemagglutination-Inhibition Test (HI). A constant amount of hemagglutinating (HA) antigen was
added to each well in a microtiter plate (NUNC). The testing antibody then was placed in the first well
and serially diluted. The plates were incubated for one hour and then chicken red blood cells 10(RBC)
were added to each well. If antibody was present in the test serum the RECs would not agglutinate
with the HA antigen. HI negative wells would have a diffuse sheet of agglutinated RBCs covering the
bottom of the well. HI positive wells would have a well-circumscribed button of 15 unagglutina ed
RBOs.       MAbs 505, 2D9, 2F11 and 4F8 in culture fluid had HI activity from 16 to 64 with all
Indonesian H5N1 isolates and with H5N1/PR8. MAbs 901 and 3H11 had HI activity with some of these
Indonesian H5N1 isolates. On the basis of the 20 antigenic epitope targeted by mAb 3H11, that
antibody is able to specifically and sensitively recognize H strains in clade 2.1.3. MAbs 6A5, 101 and
3B6 had no HI activity. Virus micro-neutralization assay. MDCK cells were used for 25 determination of
50% tissue culture infections dosage (TCID50). Antibodies with two-fold serial dilutions were added to
96-well cell culture plates. The diluted antibodies were mixed with an equal volume of diluent
containing influenza virus at 100 T0IS50/well. After a 2- 30 hour incubation at 37 EC in a 5% CO2
humidified atmosphere, 100 pl of MDCK cells at 1.5 x 105/m1 were added to each well. The plates
were incubated for 18 hours at 37 EC and 5%- CO2. The monolayers were washed with PBS and
fixed in 



WO 2009/035420PCT/SC2000/000347  100% ethanol for 10 minutes. The presence of viral protein
was detected by ELISA with mouse sera against the influenza H5N1. The ELISA was performed at
room temperature. The fixed 5 plates were washed 3 times with PBS-T (PBS containing 0.05% Tween
20). The mouse sera antibody diluted 1/500 in PBS-T containing 1% bovine serum albumin was added
to each well and incubated at room temperature for 1 hour. The plates were washed four times in
wash buffer and 100 pl of 10 horseradish peroxidase-labeled goat anti-mouse immunoglobulin
(DakoCytomation, USA) diluted 1/2000 were added to each well. The plates were incubated for 1 hour
at room temperature and then washed six times with wash buffer. One hundred microliters of freshly
prepared substrate (10 15 mg of o-phenyienediamine dihydrochloride per 20 ml of 0.05M phosphate
citrate buffer, pH 5.0, containing 0.03% sodium perborate) were added to each well and the plates
were incubated at room temperature for approximately 5 minutes. The reaction was stopped with 50
}IL of 2N sulfuric acid. 20 The absorbance was measured at 490 nut (A490 with an automated plate
spectrophotometer (Mitenyi Biotec).  WO 2(1(19/035420PCT/SG2008/000347 Table 2 MAb5C5
MAb+Virus Virus  #1 #2 43 #4 A/Indonesia/chicken/60 (H5N1) 0.637 0.664 1.187 1.213 



A/Indonesia/c0c7/2005(115N1) 0.4 0.404 1.613 1.468 A/Indones1a/CDC370/2005(H5N1) 0.379 0.376
1.738 1.727 A/Indonesia/CDC594/2006 (H5N1) 0.417 0.361 1.032 0.968 A/Indonesia/CDC623/2006
(H5N1) 0.311 0.306 1.416 1.491 A/lndonea/m.1,388/2888- N" 0.261 0.259 1.775 1.626
A/Indonesia/172,007/2006 (1-15N1) 



0.637 0.598 1.266 1.224 A/indonesia/noe8/2006(lisN1) 0.592 0.574 1.557 1.575
A/Indonesia/71.1,013/2006 (H5N1) 0.548 0.539 0.974 1.034 H5N1/PR8 0.224 0.208 0.532 0.588
DMEM Medium 0.089 0.09 0.079 0.074  5As shown in Table 2, mAb 5C5 neutralized H5N1 isolates 



on infected MDCK cells. In the presence of the monoclonal antibody, the ELISA reading results were
reduced to about one half of those obtained from the cells in the absence of antibody, indicating that
the virus particles had been 10neutralized. Because the ELISA reading had a high background while
IFA is visible, the neutralization tests were done by the detect method of IFA on MDCK cells to confiim
the neutralization ability of the monoclonal antibody. MAb 5C5  WO 2089/035420PCT/SC2008/000347
could neutralize the infection of all H5N1 isolates. These results were consistent with the IFA test
results.       Figures 2A and 2B illustrate mAb neutralization activity on MDCK cells infected with AIV.
Figures 2A and 2B 5show MDCK cells stained with FITC fluorescence subsequent to mAE
neutralization of virus infection and absent mAb neutralization, respectively. Titration of virus
neutralization on MDCK cells and in 10 chicken embryos. MDCK cells and 10-day old embryos were
used for deteimination of 50% tissue culture infections dosage (TCID50) and 50% embryo infectious
dosage (EID50), respectively. MDCK cells (2 x 104/m1) were allowed to grow to 70% - 90%
confluence. 15Chicken embryos were infected with the respective viruses, using a series of dilution
factors from 10-1 to 10- s, and the subsequent allantoic fluids were tested for TCID50 and EIDso. The
viruses then were used to infect both MDCK cells at their exponential phase (highest sensitivity to 20
virus infection) and 10-day old chicken embryos. Uninfected MDCK cells and allantoic fluid were used
as negative controls. The cells were incubated at 35 EC and CPE was observed. Using the Reed and
Muench mathematical technique (17), the infectivity titer was expressed as TCID50/100 pl 25and
1000EID50/200 pl and the respective viruses were each diluted to having 100 TCID50 and 500 EID50
in 50 pl and 100 pl, respectively. Serially diluted mAb 5C5 was able to neutralize the final
concentration of 100 TCID50 and 500 EID50 of virus 30(e.g. A/Indonesia/DCD669/H5N1) in infected
MDCK cells and embryos. See Table 3. The numbers in Table 3 reflect the highest dilution ratio of
H5N1 viruses at which the mAb was still able to detect and neutralize the virus at a final 



WO 2009/035420PCT/SG2008/000347 concentration of 100 TCID50 and 500 EID50 of viruses in
infected MDCK cells and chicken embryos. Table 3 5       5C5     MDCK 160     Embryo 40   



MAbs 2D9,  31111, 901, 2F11 and 4F8 are similar to mAb  505, recognizing conformational epitopes
of 1-I5 and having 10  the ability to neutralize influenza virus infection on MDCK cells. Virus
neutralization and determination of the 501 tissue culture infections dosage (TCID50) were carried out
as described above for mAb 505. MDCK cells (2 x 104/m1) were allowed to grow to 70% - 90%
conflUence. The virus 15 A/Indonesia/CDC669/H5N1 then was used to infect MDCK cells at their
exponential phase (highest sensitivity to virus infection). Uninfected MDCK cells were used as
cytopathic effect (CPE) negative control and infected cells as CPE positive control. The cells were
incubated at 35 degrees C 20 and CPE was checked daily. The results are shown in Figures 7A, 7B
and 70. In the presence of the monoclonal antibody, MDCK cells did not show CPE, thus indicating
that the mAb has neutralizing ability. MAbs 101 and 3B6, which also recognize conformational 25
epitopes of H5, were shown through a similar analysis to lack the ability to neutralize influenza virus
infection on MDCK cells.  W02009/035420PCT/SG2008/000347 Epitope Characteristics and Mapping.
la. Mapping linear epitope of mAb 5A5. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and Western blotting were used to identify and locate linear 5 epitopes of monoclonal
antibody 5A5, as shown in Figures 4A and 43. SDS-PAGE and Western blotting were performed as
described by Ausubel et al. (18). The GST-tagged recombinant HAI from H5N1 was expressed and
subjected to 10% SDS-PAGE, Recombinant HAl is about 32 kD, and the expressed 10 GST-tagged
HAl is about 57 kD. The protein samples were prepared by mixing protein sample with sample buffer
and 



heated at 100 EC for 5 minutes. After a brief spin, whole-cell lysate was loaded. Proteins separated by
SDS-PAGE were visualized by staining with Coomassie Blue (0.25% Coomassie 15 Brilliant Blue
R-250, 40% methanol and 10% glacial acetic acid) for 30 minutes and then destained overnight in
destaining solution (40% methanol and 10% glacial acetic acid). For Western blots, proteins were
transferred from gel to a nitrocellulose membrane using a Transblot Cell 20(Bio-Rad). After
electrotransfer, the membrane was blocked with 5% non-fat milk (Bio-Rad) in PBS-T and processed in
the same manner as the dot blots above. The membrane was blocked with 5% non-fat milk (Bio-Rad,
Canada) in PBS with 0.05% Tween-20 (PBS-t) for 60 minutes. After blocking, 25 undiluted hybridoma
culture fluid containing mAbs was incubated with the membrane for 60 minutes, washed with PEST
and then incubated with goat anti-mouse horseradish peroxidase-conjugated antibodies (1:2000
dilution) (DakoCytomation) for 60 minutes. The membrane was washed 30 and then developed with
ECU Western blotting detection reagent (Amersham Biosciences) and exposed to KODAK Scientific
imaging film (KODAK BioMAX MS, USA).         MAb 5A5 reacted with denatured recombinant HAI,
which suggested the epitope of MAID 5A5 was linear. MAID 5C5 could not react with denatured
recombinant HAl, which indicated that the epitope of this mAb is conformational.       To map the linear
epitope of mAb 5A5, the HAI of H5 subtype was dissected into 3 overlapping fragments by PCR and
expressed as a 6-histidine-tag fusion protein. By Western blotting with mAb5A5, the epitope was found
primarily in the overlapping region of fragment B and C (aa 10 201-271). Five truncated fragments
were designed for further mapping (Figure 4A) by Western blotting, and the epitope was narrowed
down between amino acid 258 and 271. To find out the exact amino acid sequence of the linear
epitope, nine mutants with individual amino acid point 15 mutations were constructed. Each of amino
acids 259-264 and 268-271 on HAL with the exception of amino acid 269, was changed into alanine
individually by certain primers; amino acid 269 was changed from alanine to proline (Figure 48). From
the results of the Western blotting shown in Figure 48, 20 the sequence of the linear epitope targeted
by mAb5A5 is amino acids 260-269, AsnGlyAsnPheIleAlaProGluTyrAla (NGNFIAPEYA), on
hemagglutinin of subtype 58. lb. Determination of linear epitope of mAb 8H12. Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis 25(SDS-PAGE) and Western Blotting were used to verify
linear epitope of mAb 8812 according to the procedures set forth in section la. above for mAb 5A5.
The MEP-tagged recombinant NM. from H51211 was expressed and subjected to 10% SDS-PAGE.
Recombinant NA1 is about 36 kD, and the expressed MBP-tagged 30 NA1 is approximately 82 kD.
MAID 8812 reacted with denatured NM., which suggested that the epitope of the antibody was linear.
lc. Determination of conformational epitopes 2D9, 4F8, 1C1, .3B6, 2F11, 9C1 and 3H11. The
procedures of section la.  



WO 2009/035420PCT/SG2008/000347 above were carried out using each of mAbs 209, 4F8, 3B6,
101, 2F11, 901 and 31-I11. None of these antibodies reacted with denatured HA', which indicated that
the epitopes of these mAbs are conformational. 5id. Determination of conformational epitopes of mAb
6C6 and 304. The procedures of section lb. above were carried out using mAb 606 and 304. Neither
antibody reacted with denatured NA1, which indicated that the epitopes of these two antibodies are
conformational. 10 2. Selection of escape mutant and conformational/neutralizing epitope mapping of
HS subtype  mAbs. Serial 10-fold dilution of parental virus 15A/Indonesia/CDC669/2006(H5N1) was
mixed with an equal volume of mAb. After incubation of 1 hour at room temperature, the mixture was
inoculated onto a monolayer of MDCK cells in DMEM medium containing 200 pg/ml TPCK-treated
trypsin (Sigma) and 0.001% DEAE-dextran (Sigma). After 7 days at 35 20 EC, the virus supernatant
was collected and subject to further selection. Escape mutants also were generated using an
alternative method in which the parental strain was incubated with an excess of mAb for at least 0.5
hours at room temperature. The mixture then was inoculated into 10- 25day old chicken embryos.
After 2 or 3 days at 35C, the virus supernatant was collected and subject to further selection. Following
either method, the escape mutant was cloned and collected for RNA extraction. The point mutation
responsible for the resistance to mAb neutralization was 30 determined by sequence alignment with
the parental virus. The ability of this mutation to allow the mutant virus to escape mAb neutralization
was verified by neutralization assay and hemagglutinin inhibition assay.         Several escape mutants
were selected using neutralized mAb 5C5. The escape mutants were cloned and collected for RNA
extraction. According to the sequence, the point mutation happens on nucleotides 524, 503 and 602,
respectively, on the HA sequence (sequence available in GenBank; GenBank Accession # CY014481;
GenBank GI # 113497155). Nucleotide 524 AC@ changes into AT,@ which results in mutation on
amino acid 175 from threonine into isoleucine. Nucleotide 503 "A" changes into "T," which 10 results in
mutation on amino acid 168 from lysine into isoleucine. Nucleotide 602 "C" changes into "A," which
results in mutation on amino acid 201 from alanine into glutamic aicd. Such mutations enable the
mutant virus to escape antibody neutralization from mAb 5C5, which was 15 verified with neutralization
assays and hemagglutinin inhibition assay. This result indicated the mAb 5C5 targets the epitope
containing amino acids 168, 175 and 201 on hemagglutinin. The results are indicated in Table 4, which
shows the location of the mAb neutralization epitope on the 20 hemagglutinin molecule of AIV
(A/Indonesia/CDC669/H5N1).      Point mutations for other mAbs were deteimined similarly, as shown
in Table 4. 



Table 4 Parental Virus Nab Nucleotide Nucleotide Change Amino acid Amino acid Change  5C5 524 C
to T 175 Thr to Ile   503 A to T 168 Lys to Ile   602 C to A 201 Ala to Glu  



31111 464 G to A 155 Gly to Glu  WO 20091035420PCT/SG2008/000347 CDC669 CDC669 2F11
2F11 772 G to A 258 Gly to Lys   628 C to T 210 Pro to Ser  901 599 C to A 200 



Ala to Glu  2D9 717 T to A 239 Ser to Arg   613 717 A to T T to A 205 239 Arg to Trp Ser to Arg   470
717 C to T T to A 157 239 Pro to Leu 



Ser to Arg  4F8 512 715 G to T A to C 171  239 Ser to Ile Ser to Arg   512 G to T 171 Ser to Ile
VN1203 2F11 629 C to T 210 Pro to Val   772 



G to A 258 Glu to Lys  2D9 700 A to G 234 Lys to Glu  4F8 613 A to G 205 Lys to GLU VN1203
K198M) 901 614 T to A 205 Met to Lys  MAbs 6C6, 31)4 and 81312 recognize neuraminidase from
H5N1. 1. Recombinant neuraminidase expressed in baculovirus/8f9 system was used to verify
reaction between mAb 6C6 and neuraminidase.  WO 2009/035420PC1'/SG2008/000347 Viral RNA
was isolated from virus-infected MDCK cells 



using LS Trizol reagent (Invitrogen) as specified by the manufacturer. Reverse transcription and PCR
were performed to amplify the neuraminidase gene H5N1/PR8 using the primers 5 N1 (entry)F
(CACCATGAATCCAAATCAGAAGATAACAACC) and N1(entry)R (CTTGTCAATGGTGAATGGCAA).
The PCR product was cloned into pGEM-T Easy cloning vector (Promega, WI, USA) by following the
manufacturer=s instructions. The recombinant plasmid containing the sequence encoding the
neuraminidase was 10 sequenced and confirmed consistent with the reference sequence in the
database.The neuraminidase gene was subcloned into the vector of pENTR/TEV/D-TOPO as a
transient step, then inserted to baculovirus following Gateway System guide from the supplier
(Invitrogen, CA, USA). The 5 recombinant baculovirus with neuraminidase gene was used to transfect
Sf9 insect cells and expressed as taught by the supplier (Invitrogen). The Sf9 insect cells with
expressed neuraminidase was fixed and IFA was carried out with mAb 606, as with the IFA procedure
with MDCK cells taught above. 20Figures 5A and SB show the typical reaction between mAb 606 and
expressed recombinant Nl. The reaction of mAb 3D4 and expressed recombinant N1 is similar. Figure
5A shows the expressed recombinant N1 being detected in Sf9 cells. In Figure 58, the merge of
ultraviolet light and normal 25light indicated the individual cells. 2. The epitopes of mAbs 6C6 and 3D4
are conformational  rather than linear.       The Sf9 insect cells were infected by baculovirus with NA
insertion and incubated for 96 hours at 28 EC. The cells 30 were collected, mixed with sample buffer
and loaded to SDSPAGE gel for staining with Coomassie blue and Western-blotting with (anti-H5N1
mouse serum of) mAb6C6 or mAb 3D4, respectively. The Western-blotting verified the expression
WO 2009/035420PCT/SG2008/000347 of recombinant NA in Sf9 cells. There was no signal band for
mAb 6C6 or 3D4 by Western-blotting, which indicated the epitopes of mAbs 6C6 and 3D4 is
conformational. Figure 6A and 6B show SDS-PAGE and Western blotting to 5 verify expressed NA.
Figure 6A shows that the molecular weight of NA is about 49 kDa on the SDS-PAGE gel. In Figure 6B
the Western blotting showed recombinant NA reacting with anti-H5N1 mouse serum as antibody. 10
Prophylaxis and Therapeutics        Based upon the ability of mAb 5CS to neutralize H5N1 on both
MDCK cells and chicken embryos and its IgG2a isotype, mAb SCS, and recombinant antibodies
comprising the variable region of that antibody, are useful for both prophylaxis and 15 therapeutics. It
is commonly accepted, based on studies in mice (19, 20, 21), that neutralizing IgG antibodies have
both prophylactic and therapeutic abilities.       Similarly, in view of the ability of mAbs 2D9, 2F11,
3H11, 9C1 and 4F8 to neutralize H5N1 on MDCK cells and their 20 IgG1 or IgM isotype, these mAbs,
and recombinant antibodies comprising the variable region of those antibodies, are useful for both
prophylaxis and therapeutics.       The following tests illustrate the prophylactic and therapeutic
characteristics of mAb 5C5: 



25 Groups of 6 female BALB/c mice (6-8 weeks old) were used as an animal model to study the
protection from a lethal challenge of virus by administering mAb 5C5. Inoculation of mice and blood
harvests were performed in a 30 biosafety cabinet by personnel wearing powered air purifying
respirators. Influenza-infected animals were housed in a biosafety level 3(BSL3) animal facility.
To evaluate the efficacy of the monoclonal antibody as a prophylactic agent (i.e., prior to virus
infection) in an animal model, purified mAb 505 was administered at a dose of 10mg/kg
intraperitoneally (i.p.) into mice. Twenty-four 5 hours after i.p. administration, the mice were bled for
measurement of HI titers with H5N1, then challenged intranasally (i.n.) with 10 LD50 of
A/Indonesia/CD0669/H5N1 in 20 pl. The control group (total of 6 mice) received mAb 504 of IgGl,
which was an in-house murine monoclonal 10 antibody made against bacteria C. jejuni. Mice were
observed daily for 14 days for survival analysis. In the control group, 6 of 6 mice died within 10 days
post-infection. In contrast, mAb 505-treated mice were significantly protected--all 6 of the mice in that
group 15 were still alive over the 14-day period of observation. The sera from mAb 505-administered
mice had more than 64 HI titers with A/Indonesia/0D0669/H5N1. These data indicated that
administration of mAb 505 of IgG2a can penetrate into blood in mice and eventually facilitate viral
clearance in 20the mouse body.       To evaluate the efficacy of mAb 505 for therapeutic treatment, the
antibody was administered following virus infection. One day (24 hours) after a lethal dose of 10 LDso
of A/Indonesia/0D0669/H5N1 in 20 pL given to each of 6 25 mice, mAb 505 was administered at 10
mg/kg by intraperitoneal injection. The control group (6 mice) received mAb 504 of IgGl, which was an
in-house antibody made against C. jejuni. In the control group, 6 of 6 mice died within 10 days
post-infection. In the mAb 5C5 group, 5 30 of the 6 mice survived the virus challenge at day 14.
These data indicate that nab 5C5 is effective by administration even after virus infection, indicating that
the antibody can be used for both prophylactic and therapeutic purposes.  Example 4 Antigen Capture
ELISA (AC-ELISA) for H5N1 subtype AIV       Identification Using Combination mAb6C6 Against
N1-Subtype 5and mAb5C5 Against H5-Subtype       As described above, a sample containing 1-15N1
virus can be identified as H5 subtype using mAb 5C5 or mAb 5A5 and separately as Ni subtype using
mAb 6C6. Samples also can be 10 identified as H5N1 through the use of a combination of one of the
former antibodies and the latter antibody. An ACELISA was designed to detect H5N1 virus. MAID SCS
was incubated at 0.5 pg/well in 100 p1/well in 100 pl PBS in the 96-well plate (U96 MaxiSoLp
NUNC-immuno plate) overnight at 15 4EC. After rinsing the plate with PBS-T, the coated plate was
blocked with 1W bovine serum albumin (BSA) for 1 hour at room temperature. The block solution then
was discarded, and inactivated H5N1 isolates diluted in PBS at 20 HA units in 100 pl were added to
each well and incubated for 2 hours. 20The plates were washed four times in wash buffer PBS-T, and
100 pl of horseradish peroxidase-labeled mAb 6C6 diluted 



1/500 were added to each well. The plates were further incubated for 1 hour at room temperature and
then washed six times with wash buffer. One hundred microliters of freshly 25 prepared substrate (10
mg of o-phenylenediamine dihydrochloride per 20 ml of 0.05 M phosphate citrate buffer, pH 5.0,
containing 0.03e sodium perborate) were added to each well and the plates were incubated at room
temperature for approximately 5 minutes. The reaction was 30stopped with 50 pl of 2N sulfuric acid.
The absorbance was measured at 490 nm (A490 with an automated plate spectrophotometer (Mitenyi
Biotec). H5N1 virus gave a significant AL490 reading, while H7N1 virus gave as low a reading as
negative control. The results, set forth in  WO 2009/035420PCUSG2008/000347 Table 5, indicated
that the combination of mAb 5C5 and mAb 6C6 is useful for the identification of H5N1 AIV. A sample
containing H5N1 AIV can be identified using mAb 5C5 and mAb 6C6 separately, but using the
antibodies in combination provides a means of limiting the amount of sample needed.       Similarly, the
combination of mAb 5A5 and mAb 6C6, or other appropriate combinations of mAbs of this invention,
also could be used for H5N1 AIV identification. 10Table 5 Results of AC-ELISA Using Combination of
mAb 5C5 and mAb 6C6 to Identify H5N1  #1 #2 #3 A/Indonesia/C1DC644/H5N1 1.364 1.275 1.298
A/Indonesia(CDC623/H5N1 1.148 1.162 1.198 A/Indonesia/CDC594/H5N1 



0.605 0.589 0.6 A/Indonesia/CDC329/H5N1 1.201 1.165 1.143 A/chicken/Singpaore/94(H7N1) 0.206
0.197 0.193 PBS as negative control 0.188 0.171 0.177 Blank 0.053 0.06 0.058  15 Example 5 Activity
of mAbs 2F11, 9C1 and 3H11          The binding activity of each of mAbs 2F11, 9C1 and 31111 20
was evaluated in indirect immunofluorescence assay with H5N1-AIV-infected MDCK cells (IFA),
Western blot (WB),  WO 2009/035420PCT/SG2008/000347 hemagglutinin inhibition (HI) and virus
neutralization (VN) assays. 



The results of the assays are set forth in Tables 6-8 below: Table 6 Binding Activity with the escape
mutant K205M from H5N1 AIV (A/Vietnam/1203/2004/H5N1)  MAB IFA WE HI VN 2F11 +  +  9C1  --
+ 3H11 --   -- Table 7 Binding activity with the escape mutant K205M from H5N1 AIV (A/
Indonesia/CDC669/2206/H5N1) 



Mab IFA WE HI VN 2F11 + --  + 9C1 +   + 3H11 + -- + +  The escape mutant K205M was produced
from H5N1 AIV (A/Vietnam/1203/2004/H5N1) from screening with mAb 6B8, a monoclonal antibody
deposited with the American Type Culture 20Collection on March 20, 2007, as ATCC CRL PTA-8246.
The specific interaction of mAb 9C1 and 2F11 with these K205 mutants suggests the potential
application of these two mAbs in inhibiting escape mutant generation together with mAb 6B8. 



25  W02009/035420PCT/SG2008/000347 Example 6 Therapeutic Applications of mAbs 2F11 and 9C1
5       Both 2F11 and 9C1 are produced from the K205M escape mutant of H5 strain
A/Vietnam/1203/2004/H5N1 and as such can be combined with another monoclonal antibody which
targets the same mutant but fails to bind, or binds at lower 10 activity, to the wildtype strain, such as
mAb 6B8 (as produced by hybridoma 6E8 and deposited with the ATCC on March 20, 2007, in
accordance with the Budapest Treaty and give accession number CRL PTA-8246), a mAb which
targets wildtype 205K strain in the VN1203 strain, as a therapeutic 5 agent. MAb 9C1 recognizes the
K205M mutant but fails to hind to wildtype strain VN1203, which indicates that the mAb targets the
epitope of 205 methionine in strain VN1203. A monoclonal antibody cocktail comprising mAbs 9C1
and 6B8 can effectively inhibit H5N1 infection and prevent escape 20 mutants generating in vitro and
in vivo. Table 9: HI Activity Comparison of mAbs 6B8 and 9C1 Mab Vietnam 1203 (clade 1)  WT205K
K205M 8B6    



9C1      25 To illustrate the activity of the 6B8 and 9C1 mAbs, 16 HA units of AIV were incubated with
the mAbs as shown in the table below for at least one half hour at room temperature. The mixture was
inoculated into 10 day old chicken embryos.  WO 2009/035420PCT/SG21108/000347  The HA titer
and livability of the embryos were evaluated daily. The results are shown in Table 10 below: Table 10
mAa 1203(clade 1, 16 HA) 6138(lug) Virus HA +2 days p.i.  Chicken survivability --2 days p.i.
16B8(lug)+ 9C1(0.1ug) Virus HA --3 days p.i. 



Chicken survivability + 6B8(lug 9C1(lug) Virus HA --3 days p.i.  Chicken survival + 688(lug)+ 9C1(5ug)
Virus HA --3 days p.i.  Chicken survivability  9C1(lug) Virus HA +1 days p.i.  Chicken survivability --2
days p.i.  "-" indicated negative in HA test or chicken embryo death "+" indicated positive in HA test or
chicken embryo survival p.i. indicated post-infection  References 
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that binds specifically to a conformational epitope of the hemagglutinin envelope glypoprotein of an H5
subtype of avian influenza virus that has substantially the immunological binding characteristics of
monoclonal antibody 5C5 as produced by hybridoma 5C5 which is deposited with the American Type
Culture Collection with Accession Number PTA-8529, wherein said immunological binding
characteristics comprise binding to an epitope that is bound by monoclonal antibody 5C5.        2. The
antibody of claim 1 which is a monoclonal antibody, a single chain antibody, an antibody fragment, a
chimeric antibody or a humanized antibody.        3. The antibody of claim 1 which is a monoclonal
antibody.        4. Monoclonal antibody 5C5 as produced by hybridoma 5C5 which is deposited with the
American Type Culture Collection with Accession Number PTA-8529. 



5. A method for detecting HE subtype avian influenza virus in a biological specimen which comprises
contacting the specimen with an antibody that binds specifically to a conformational epitope of the
envelope glycoprotein of an HE subtype of avian influenza virus and that has substantially the
immunological binding characteristics of monoclonal antibody 5C5 as produced by hybridoma 5C5
which is deposited with the American Type Culture Collection with Accession Number PTA-8529,
wherein said immunological binding  MCSUP characteristics comprise binding to an epitope that is
bound by monoclonal antibody 5C5.        6. The method of claim 5 wherein the antibody is a
monoclonal antibody, a single chain antibody, an antibody fragment, a chimeric antibody or a
humanized antibody.        7. The method of claim 5 wherein the antibody is a monoclonal antibody.
8. The method of claim 7 wherein the monoclonal antibody is antibody 505 as produced by hybridoma
505 which is deposited with the American Type Culture Collection with Accession Number PTA-8529.
9. The method of claim 7 which comprises contacting the specimen with a binding protein that
specifically binds to the envelope glycoprotein of an H5 subtype of avian influenza virus, wherein the
antibody is a capture antibody and the binding protein is a detector binding protein that contains or is
conjugated to a detectable element.        10. The method of claim 9 wherein at least one of the
antibody and the binding protein is a monoclonal antibody.        11. The method of claim 9 wherein the
antibody and the binding protein are monoclonal antibodies.        12. The method of claim 9 wherein
the antibody is immobilized onto a solid surface.  MCSLLP        13. The method of claim 9 wherein the
binding protein contains a radioactive atom, is conjugated to a fluorescent molecule, or is conjugated
to an enzyme.        14. A method for detecting H5N1 subtype avian influenza virus in a biological
specimen which comprises contacting the specimen with an antibody that binds specifically to a
conformational epitope of the envelope glycoprotein of an HE subtype of avian influenza virus, and
that has substantially the immunological binding characteristics of monoclonal antibody 5C5 as
produced by hybridoma 5C5 which is deposited with the American Type Culture Collection with
Accession Number PTA-8529, and with a binding protein that binds specifically to the neuraminidase
glycoprotein of an Ni subtype of avian influenza virus, said binding protein having substantially the
immunological binding characteristics of monoclonal antibody 6C6 as produced by hybridoma 6C6
which is deposited with the American Type Culture Collection with Accession Number PTA-8526 or
monoclonal antibody 3D4 as produced by hybridoma 3D4 which is deposited with the American Type
Culture Collection with Accession Number PTA-9395 or of monoclonal antibody 8H12 as produced by
hybridoma 8H12 which is deposited with the American Type Culture Collection with Accession Number
PTA-9394, wherein said immunological binding characteristics of the antibody comprise binding to an
epitope that is bound by monoclonal antibody 5C5, wherein said immunological binding characteristics
of the binding protein comprise binding to an epitope that is bound by monoclonal antibody 6C6 or 3D4
or of monoclonal antibody 8H12.        15. A kit for detecting HE subtype avian influenza virus in a
biological specimen which comprises an antibody that 52  MCSUP binds specifically to a
conformational epitope of the envelope glycoprotein of an H5 subtype of avian influenza virus and that
has substantially the immunological binding characteristics of monoclonal antibody 5C5 as produced
by hybridoma 5C5 which is deposited with the American Type Culture Collection with Accession
Number PTA-8529 together with at least one reagent for the detection of binding of said binding
protein to said envelope glycoprotein, wherein said immunological binding characteristics of the
antibody comprise binding to an epitope that is bound by monoclonal antibody SCS.        16. The kit of
claim 15 which comprises a binding protein that specifically binds to the envelope glycoprotein of an
H5 subtype of avian influenza virus, wherein the antibody is a capture antibody and the binding protein
is a detector binding protein that contains or is conjugated to a detectable element.        17. The kit of
claim 16 wherein at least one of the antibody and binding protein is a monoclonal antibody.        18.
The kit of claim 16 wherein the antibody and binding protein are monoclonal antibodies.        19. The
kit of claim 16 wherein the antibody is immobilized onto a solid surface.        20. The kit of claim 16
wherein the binding protein contains a radioactive atom, is conjugated to a fluorescent molecule, or is
conjugated to an enzyme. 



MCSLLP        21. Use of an antibody 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 5C5 as produced by hybridoma SCS which is deposited with
the American Type Culture Collection with Accession Number PTA 8529 in the preparation of a
medicament for treating a subject infected with HE subtype avian influenza virus, wherein said
immunological binding characteristics comprise binding to an epitope that is bound by monoclonal
antibody 5C5.        22. The use of claim 21, wherein the antibody is a monoclonal antibody, single
chain antibody, antibody fragment, chimeric antibody or humanized antibody.        23. The use of claim
21, wherein the antibody is a monoclonal antibody. 


