
BINDING PROTEIN AND EPITOPE-BLOCKING ELISA FOR THE UNIVERSAL DETECTION OF
HS-SUBTYPE INFLUENZA VIRUSES Field of the Invention      This invention relates to the
development of a specific serological assay for the detection of antibodies to avian influenza viruses.
More specifically, this invention relates to the production of monoclonal antibodies which react strongly
with all known subtypes of H5 influenza virus, but which do not cross-react with non-H5 influenza
subtypes, and are used to develop epitope blocking ELISAs to detect serum antibody and related
binding protein to HS influenza subtype in humans and non-human animals. Description of the
Background Art      Avian influenza virus (AIV) is a common disease in birds. The first infection of
subtype H5N1 AIV among poultry was detected in 1996 in a farmed goose in Guangdong Province,
China, and in humans a year later in Hong Kong [1] . Since then, H5N1 AIV has caused an outbreak of
avian influenza that is spreading to many regions of the world. The affected areas to date include
Europe, the Middle East and, particularly, Asia [2]. According to the latest reports from the World
Health Organization (WHO), there have been a total of 328 confirmed human H5N1 avian influenza
cases, 200 of which resulted in the death of the patient. Of the 328 cases, a significant majority (106
cases, 85 deaths) have been reported from Indonesia [3,4]. According to WHO, the world now is in
phase 3 (of 6) of a pandemic  WO 2009/099394PCT/SG2008/000043 alert based upon the evolution
of the virus into a strain that is capable of efficient human to human transmission  [5].       In June,
2006, 27 of 33 provinces in Indonesia had rePorted outbreaks of H5N1 in poultry, resulting in more
than 16 million poultry deaths from sickness and culling  [6]. The poultry industry has lost millions of
dollars to avian influenza. This loss has affected the incomes of millions of people whose livelihoods
depend on poultry. These outbreaks of HPAI (H5N1) in poultry, and now the increasing number of
cases in humans, are a cause for concern. The ability to accurately and timely detect the presence of
the pathogen in the initial stages of an outbreak will go a long way in controlling the disease. In
addition, it can reduce indiscriminate use of antibiotics and provide the option of using antiviral therapy
in a timely manner.      Various methods available for the diagnosis of influenza include virus isolation,
detection of viral antigens by enzyme-linked immunoabsorbent assay (ELISA), molecular detection by
RT-PCR and serological tests. Standard virus-isolation procedures have the disadvantage of requiring
several days to obtain results, thereby making them of limited use to a clinician. The disadvantages of
RT-PCR include the high costs involved, the need for technically proficient staff, likelihood of
contamination and the consequent risk of false positive results. In addition, PCR primers may require
constant updating because of antigenic drift [7]. Virus neutralization, hemagglutination inhibition (HI),
ELISA and immunoblot test are preferred methods for serological diagnosis. However, neutralization
assay and HI assay are not considered highly sensitive and necessitate further sub-typing and also
are quite labor-intensive and time-consuming [8,9] and so are  WO 2009/099394PCT/SG2008/000043
not ideal for large-scale routine testing of sera. ELISA has been widely used as a pre-screening tool
for investigating large numbers of samples, but indirect ELISA systems are commercially available
only for chicken and turkey sera due to the unavailability of species-specific secondary antibodies of
other species. A further limitation of indirect ELISA is the need for high antigen purity. The most
significant disadvantage of the indirect ELISA, however, is that the HA antigen is known to cross-react
with the other subtypes of viruses. As a consequence, the indirect ELISA is not a dependable method
for detection. 



Most of these methods not only are cumbersome and labor intensive but also are time-consuming and
include a risk of obtaining false positive results. A further limitation of these techniques is that influenza
viruses are segmented genome RNA viruses which are known to undergo continuous mutations and
genetic re-assortments (antigenic drift), making it difficult to detect the virus [10].       In view of the
shortcomings of these conventional assays, and because of the risk that AIV infection poses to wildlife,
domesticated animals and humans, there is a high need for a new assay which is rapid, easy to use
and specific for the detection of the H5 subtype of AIV. The present invention represents a
breakthrough in the diagnosis and surveillance of H5 subtype of AIV.  Summary      In the first aspect,
there is provided a binding protein that binds specifically to an epitope of an H5 subtype of avian
influenza virus that has substantially the immunological binding characteristics of monoclonal antibody
5F8.      In the second aspect, there is provided a monoclonal antibody 5F8 as produced by hybridoma
5F8 which is deposited with the American Type Culture Collection with Accession Number PTA-8757.
In the third aspect, there is provided a binding protein which binds to epitope CNTKCQTP of H5
hemagglutinin.      In the fourth aspect, there is provided a method of detecting HE subtype avian
influenza virus in a biological specimen which comprises contacting the specimen with an antigen
which comprises an epitope of the envelope glycoprotein of an H5 subtype of avian influenza virus
comprising sequence CNTKCQTP and determining whether an antibody in the specimen binds to said
epitope.      In the fifth aspect, there is provided a kit for detecting HE subtype avian influenza virus in a
biological specimen which comprises a binding protein that binds to epitope CNTKCQTP of the
envelope glycoprotein of an HE subtype of avian influenza virus, the glycoprotein or a portion thereof
comprising the amino acids of said epitope and reagents for detecting binding of said binding protein
to said epitope.       In accordance with the present disclosure, monoclonal antibodies and related
binding proteins specific to influenza HE subtype HA protein are provided. The antibodies can be used
in serological diagnosis of influenza HE infection in mammalian and avian serum samples, including
human serum samples. More specifically, each antibody can be used in a highly sensitive and specific
epitope-blocking ELISA to detect influenza HE subtypes in humans and other animals. Each antibody
strongly reacts with a wide variety of strains of HE subtype and does not show cross-reactivity with
non-H5 influenza subtypes.      Accordingly, the disclosure comprises a binding protein that binds to an
epitope of an H5 subtype of avian influenza virus having substantially the immunological binding
characteristics of monoclonal antibody 5F8 or monoclonal antibody 1G5. The binding protein can be a
monoclonal antibody, antibody fragment, chimeric antibody or humanized antibody and preferably is a
monoclonal antibody.      The disclosure further comprises a binding protein which binds to an epitope
of AIV HE hemagglutinin of amino acid sequence CNTKCQTP. The disclosure also comprises a
binding protein which binds to an epitope of AIV HE hemagglutinin of amino acid sequence IHPLTIGE.
In a further embodiment, the disclosure comprises a method for detecting HE subtype AIV in a
biological specimen which comprises contacting the specimen with an antigen which contains an
epitope of an HE subtype hemagglutinin glycoprotein and determining whether an antibody in the
specimen binds to the epitope. Preferably the binding determination is made in an epitope blocking
ELISA. Preferably the epitope of the HE subtype hemagglutinin glycoprotein includes the sequence
CNTKCQTP or the sequence  IHPLTIGE. Both the IHPLTIGE and the CNTKCQTP epitopes exist in all
known human H5N1 AIV strains, in essentially all known chicken H5N1 AIV strains, and in essentially
all known H5N1 strains of other animals and birds, and are very stable and highly antigenic, making
them very useful for diagnosing H5N1 infections.      The disclosure further is directed to a kit for
detecting H5 subtype mV infection in a biological specimen, wherein the kit comprises a binding
protein that binds to an epitope of the envelope glycoprotein of an H5 subtype AIV, together with
reagents for detecting binding of the binding protein to the epitope. In a preferred embodiment, the
epitope includes the sequence CNTKCQTP. In another preferred embodiment, the epitope includes
the sequence HPLTIGECPK. In a preferred embodiment, the binding protein has substantially the
immunological binding characteristics of mAb 5F8. In another preferred embodiment, the binding
protein has substantially the immunological binding characteristics of mAb 1G5. Brief Description of
the Drawings       Figures lA - 13. Characterization of mAb 5F8 by immunofluorescence assay (IFA)
and Western blotting. Figures 1A 1-4 show the recognition of native HAI in H5N1 AIV-infected MDCK
cells and baculovirus expressed rHA1 by mAb 5F8 in immunofluorescence assay. The MDCK and Sf-9
cells were infected with H5 subtypes and recombinant baculoviruses, respectively. The control was
H9N2-infected MDCK cells and Sf-9 cells. 



Figure 1B shows the recognition of H5N1 AIV by MAb 5F8 in Western blot. The purified AIV H5N1
(lanes 1-9), H5N2 (lane 10) and H5N3 (lane 11) from allantoic fluid were analyzed by 5DS-PAGE and
immobilized onto nitrocellulose membrane. The  WO 2009/099394PCT/SG2008/000043 negative
control (no virus), H3N2 (lane 12), H7N1 (lane 13) HA were not recognized by MAb 5F8, which shows
the specificity of the antibodies to H5 subtypes. Figures 2A, 23, 2C and 2D. Epitope mapping of the
MAID 5F8. Figure 2A shows the strategy used for the epitope mapping. All of the indicated fragments
from A to E and SF1 to SF8 were expressed as His-fusion proteins. Western blot analysis shown in
Figure 23 of fragments A to E used MAb 5F8 as the primary antibody. C:rHAl protein was used as
control. Figure 2C shows the results of Western blot analysis of eight further truncated peptides (SF1 -
SF8) which were an extension of fragment 4 of Figure 2A but truncated in the fragment 5 region and
expressed as histidine-fusion peptides. Figure 2D shows the results of a Western blot analysis of point
mutants also expressed as histidine-fusion peptides. The analysis was carried out to determine the
amino acid sequence of the epitope for mAb 5E18.      Figures 3A and 33 show the 50% blocking of
mAb binding relative to the CDC/523/H5HA1 epitope or rH5HA1 caused by immunized chicken sera.
The results were expressed as the arithmetic mean of percent blocking value (n = 5/group + standard
error (SE)).       Figures 4A - 43. Characterization of mAb 1G5 by immunofluorescence assay (IFA) and
Western blotting. Figures 4A 1-4 show that mAb 1G5 recognizes native HA in H5N1 AIV-infected
MDCK cells and Sf-9 infected baculovirus in immunofluorescence assay. The MDCK and Sf-9 cells
were infected with H5 virus or recombinant H5HA baculovirus, respectively. The control was
H4N1-infected MDCK cells and Sf-9 cells. Figure 43 shows the recognition of H5HA by mAb 1G5 in
Western blot. The monoclonal antibody recognized H5HA in  each of lanes 1-14. Non-H5 virus in lane
15 was not recognized by 1G5, showing the antibody's specificity to H5 subtypes.      Figures 5A - 5D.
Epitope mapping of mAb 1G5. Figure 5A shows the strategy used for the epitope mapping. All of the
indicated fragments from A to E and SF! to SF8 were expressed as His-fusion fragments as in
Example 1. Western blot analysis shown in Figure 5B of fragments A to E used mAb 1G5 as the
primary antibody. C:rHAl protein was used as control. Western blot analyses of subfragments SF1 to
SF8 and of the point mutants of the final step of the epitope determination are shown in Figures Sc
and 5D, respectively.     Figures 6A and 6B illustrate that mAbs 5F8 and 1G5 specifically react with H5
subtype. Figure 6A shows that the antibodies reacted specifically with 15 different samples of
Indonesian H5N1 strains; Figure 6B shows the antibodies reacted specifically with Indonesian H5N1
strains (1-9), H5N1/2R8 (10); H5N2 (11) and H5N3 (12), but not H4N1 or H7N1 (13 and 14,
respectively). Assays were performed using mAb 5F8, 1G5 or a combination thereof as capture
antibodies and polyclonal anti-H5RA1 as the detector antibody.      Figure 7 shows that both mAb 5F8-
and mAb 1G5-based antigen capture ELISAs detected 102 TCID50 units of H5N1. An
H4N1-containing assay did not yield absorbances significantly above background levels. 



Figure 8 shows 50% blocking of mAb 1G5, relative to the CDC/523 R5HA1 epitope caused by human
sera from infected and vaccinated samples (samples 1-10: infected and recovered serum samples;
samples 11-15: vaccinated human serum samples; sample 16: healthy human control serum)
Figures 9A and 9B show 50% blocking of mAb 1G5 binding relative to the CDC/523 H5HA1 epitope
caused by immunized chicken sera. In Figure 9A, samples 1-14 were H5N1  WO
2009/099394PCT/SG2008/000043 Indonesian strains immunized chicken serum samples at a 1:30
dilution. In Figure 9B, samples 1-10 were H5N1 Indonesian strains immunized chicken serum samples
at 1:30 dilution, samples 11 and 12 were H5 subtype strains and samples 13-17 were non-H5 subtype
strains. The results were expressed as the arithmetic mean of percent blocking value
(n=5/group+S.E.) Detailed Description of the Invention     The present invention is directed to mAbs
and related binding proteins that bind specifically to the HAl protein of the H5 subtype of AIV and to the
use of those mAbs and related binding proteins in epitope blocking ELISAs. The mAb tests positive
against all known Indonesian strains of H5N1 AIV and other H5 subtypes by IFA and Western blot
analysis.      In particular, one such mAb or related antigen-binding protein possesses the
immunological binding characteristics of mAb 5F8 as produced by hybridoma 5F8, deposited with the
American Type Culture Collection (ATCC) on November 6, 2007, and assigned Accession Number
PTA-8757. A second such mAb or related binding protein possesses the immunological binding
characteristics of mAb 1G5 as produced by hybridoma 1G5, deposited with the ATCC on November 6,
2007, and assigned accession number PTA-8756. 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 commonly available serological assays for influenza are HI, AGID and
microneutralization assay, but as noted above, these tests have their drawbacks, and a sensitive and
specific serological assay for the detection of human antibodies to  AIV has been needed. Indirect
ELISA for the detection of antibodies to influenza infection has been suggested as a sensitive method
for the rapid screening of a large number of samples, but such an assay can require highly purified
antigen and may exhibit cross-reactivity among HAs of different subtypes [183. This invention further
relates to highly sensitive and specific epitope blocking ELISAs (EB ELISA) for detecting H5 subtypes.
Various terms are used herein which have the following meanings:       The term Aimmunological
binding characteristics@ of a mAb or related binding protein, in all of its grammatical forms, refers to
the specificity, affinity and cross-reactivity of the mAb or binding protein for its antigen.      The term
Abinding protein@ refers to a protein 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.
A monoclonal antibody having the binding characteristics of mAb 5F8 or mAb 1G5 is prepared by
immunizing an animal with recombinant H5N1 HAO protein. Such an antigen can be used as
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 5F8 or mAb
1G5. 



MAID 5F8 has been found to recognize a specific epitope, comprising the amino acid sequence
CNTKCQTP, which has been shown to exist in all H5N1 strains found in humans and over 99% of all
strains from all known sources, including chickens, identified to date. The epitope also is shown to be
very stable (not subject to mutations). The epitope is  WO 2009/099394PCT/SG2008/000043 highly
antigenic, such that antibodies to the epitope are found in the serum of essentially any infected
individual, which makes the epitope very reliable in a diagnostic test.     MAb 1G5 has been found to
recognize a specific epitope, comprising the sequence IHPLTIGE, which has been shown to exist in all
of the 1288 H5N1 strains from all sources identified to date. This epitope also is very stable and highly
antigenic, such that antibodies to the epitope are found in the serum of essentially any individual, thus
making this epitope also very reliable in a diagnostic test.      A monoclonal antibody of this invention
can be obtained 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-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 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 312:604-608; Takeda et al., 1985, Nature
314:452-454) by introducing sequences from a murine antibody molecule of the present invention,
together with genes from a human antibody molecule of appropriate biological activity, can be used.
Chimeric antibodies are those that contain a human Ec portion and a murine (or other non-human) Tv
portion.  WO 2009/099394PCT/SG2008/000043 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.       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 an 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 (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
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 5F8 binding protein of the present invention,
as discussed below, has been found to recognize an epitope of H5N1 HA having the amino acid
sequence CNTKCQTP. This epitope has been found to be highly conserved in all human and
essentially all chicken influenza H5 subtypes, as well as in the great majority of influenza H5 subtype
of other species of animals and birds. Specifically, of the 1288 influenza A H5N1 HA strains available
in the NCBI Database, 99.61% (1283) contain the CNTKCQTP sequence. Of these 1288 strains, 280
are human H5N1 strains, and all of them contain this sequence. In addition, of 427 chicken H5N1
strains, all but one contain the CNTKCQTP sequence. In total, only 5 of the non-human 145 strains
contained a variation of the CNTKCQTP sequence: 1 145 strain obtained from a duck had the
sequence CNTRCQTP, 1 strain obtained from a goose had the sequence CNTRCQTP, and 2 strains
obtained from chickens had the sequence CNTKCQTL or CNAKCQTP. A total of 427 strains from
chicken, 5 strains from herons, 189 strains from ducks and 62 strains from geese were tested. The
epitope also was found to be highly conserved in such species as turkeys, mallards, pigeons, great
barbets, green pea fowl, peacocks, 



tree sparrows, peregrine falcons, black-headed gulls, golden pheasants, eagle owls, partridges,
whooper swans, ostriches, house crows, magpies, sparrows and mynas.       The 1G5 binding protein
of the present invention, as discussed below, has been found to recognize an epitope of  WO
2009/099394PCT/SG2008/000043 H5N1 HA having the amino acid sequence IHPLTIGE. This epitope
has been found to be highly conserved in all human influenza H5 subtypes as well as in all influenza
H5 subtypes of other species known to date. The foregoing antibodies can be used in methods known
in the art relating to the detection or localization of the H5 subtype of API, e.g. Western blotting,
ELISA, radioimmunoassay, immunofluorescence assay, immunohistological assay, and the like. In
addition, in a preferred embodiment, the antibodies can be used in an epitope blocking ELISA as
discussed in more detail below. These assays provide for the qualitative and quantitative
deteLmination of the H5 subtype of AIV and for 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 detection of the H5 subtype of AIV. Such assay systems and test kits can comprise
a labeled component prepared, e.g., by labeling the mAb or related binding protein of the present
invention or a binding partner thereof. The assay or test kits further can comprise reagents, diluents
and instructions for use, as is well known to those skilled in the immunoassay techniques.       In
certain embodiments of the invention, such kits will contain at least the mAb or related binding protein
of the invention, components for detecting immunospecific binding of the mAb or related binding
protein to API in a biological sample, and instructions for use, depending upon the method selected,
such as epitope blocking, competitive, sandwich, and the like. The kits also can contain positive and
negative controls. They can be configured to be used with automated analyzers or automated
immunohistochemical slide staining instruments.       An assay kit further can comprise a second
antibody or binding protein that can be labeled or provided for  attachment to a solid support (or
attached to a solid support). Such an antibody or binding protein can be, for example, one which binds
to AIV. Such second antibodies or binding proteins can be polyclonal or monoclonal antibodies.      A
preferred kit is one to be used in an epitope blocking ELISA. Such a kit comprises a mAb or related
binding protein which binds to epitope CNTKGQTP or to epitope IHPLTIGE of the HAl envelope
glycoprotein of an H5 subtype of AIV, the HAl glycoprotein or a portion thereof comprising the amino
acids of the epitope and reagents for detecting binding of said binding protein to said epitope.
Monoclonal antibodies to H5 subtype hemagglutination protein can be prepared by immunizing
animals with All! or H5 protein or fragments thereof. A preferred method involves amplification of the
H5 subtype HAO gene, followed by expression of the gene, recovery and purification of H5
recombinant proteins and use of the 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 HAO gene is amplified from cDNA, cloned into bacteria and then expressed. The proteins
so produced can be used to immunize mice or other suitable species for production of hybridomas.
Hybridomas are screened for their ability to stably produce high affinity mAbs that are capable of
specifically binding to H5 protein and distinguishing them from other All! subtypes. In accordance with
this invention, one immunoglobulin mAb, a mAb determined to be of IgM isotype and designated 5F8,
has been found to be strongly positive for Indonesian H5 subtypes strains known, as well as for other
H5 strains, and to show no cross-reaction with any other subtypes tested, including H7N1, H3N2,
H4N2 and H9N2.       In a second embodiment of this invention, another mAb, determined to be of
isotype IGM and designated 1G5, also has  WO 2009/099394PCT/SG2008/000043 been found to be
strongly positive for Indonesian 115 subtype strains known, as well as for other 115 subtypes, and to
show no cross-reaction with any other subtypes tested, including 117N1, H3N2, H4N2 and H9N2.
Both mAb 5F8 and 1G5 recognize linear epitopes of H5N1 hemagglutinin. The strength of mAb 5F8 is
greater when the two antibodies are used at the same concentration. The separate linear epitopes
recognized by the two antibodies increases the sensitivity for detecting the 115 antigen. The epitope
recognized by mAr 5F8 is a universal epitope and, as discussed above, the eight amino acids of that
epitope are present in all known human and almost all of the total 1288 known 1-15N1 influenza A
sequences currently available in the gene bank. The 1G5 mAb recognizes an eight amino acid epitope
present in all human influenza H5 subtypes as well as in all HS subtype strains from other species
currently known and available in the gene bank. The distance between the two epitopes (amino acids
290-297 and amino acids 310- 317) allows for high affinity for antigen binding and detection. 



This invention provides a convenient, highly specific and sensitive means for detecting HS subtype
AIV. One such means is an epitope blocking ELISA (ER ELISA). In an ES ELISA, specific antibodies
from positive sera inhibit a . selected mAb from recognizing its specific epitope such that color
development is inhibited when a color-producing reagent which binds to the selected mAb is added to
the sample. Negative sera, however, allow a strong color reaction. The assay depends on the ability of
115 influenza antibodies present in the biological sample to block binding of a selected H5 HAl mAb to
H5N1 influenza antigen or recombinant antigen adsorbed on a micro titer plate. More specifically, in an
ES ELISA of this invention, ELISA plates are coated with an optimal concentration of recombinant HAl
or an inactivated H5N1 strain in a coating buffer. An optimal concentration can be determined by using
a checkerboard titration by two dimensional serial dilution of coating antigen and a known positive
antibody and selecting the most favorable concentration which gives maximal optical density (0.D.)
value in the ELISA reading. Test sera samples are added to each well of the coated plates and
incubated, washed and then incubated with mAb 5F8 or 1G5 supernatant. Plates are washed again
and the bound mAb is detected by the addition of diluted horseradish peroxidase (HRP)-labeled
antibody, such as an HRP-labeled rabbit anti-mouse antibody, which binds to the mAb 5F8 or 1G5.
The plates are washed and then incubated with 3,3,5,5- tetramethyl benzidine or other color-producing
reagent, such as 2,2-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid or o-phenylenediamine
dihydrochloride. The reaction is stopped and the color development read. The percent inhibition of the
colorimetric reaction caused by antibodies in the sample which block the binding of the 5F8 or 1G5
mAb to the antigen is calculated for each serum sample.       The epitope blocking ELISA provides a
convenient, highly specific and sensitive means for detecting H5 subtype ATV. This preferred
detection method enables the detection of HA antigen from various H5 subtype strains of AIV without
cross-reaction from other ATV subtypes. The EB ELISA can detect lower levels of antibody than can
be consistently detected in other tests.       The strong reactivity of mAb 5F8 and mAb 1G5 also means
that the antibodies can be used in antigen capture ELISAs (AC ELISAs) in which the antigen can be
detected from live viruses or inactivated or lysed viruses in clinical samples. AC-ELISA can be a rapid,
reliable and economical method for the detection of H5 antigen and can be used to detect H5HA
antigens from both poultry and human isolates of H5N1.        The H5-subtype mAbs of this invention
thus are highly advantageous diagnostic tools. As noted above, they are highly specific for the
infectious H5N1 subtype AIV. This specificity has been verified in an assortment of H5N1- infected
tissue specimens obtained from various sources. Such highly specific monoclonal antibodies represent
a clear advantage for 1-15N1 diagnosis. The mAbs can be used in a safe and convenient diagnostic
test for the detection of H5 AIV.       The following examples are provided to illustrate the present
invention and are not to be construed as limiting. Example 1 I. Experimental Viruses        Twenty four
isolates of Indonesian H5N1 influenza strains used in this study and listed in Table 1 below (entries
1-24) were obtained from the National Institute of Health, Research and Development, Indonesia.
Other H5 and non-H5 subtypes were provided by the Agri-Food and Veterinary Authority (AVA) of
Singapore (entries 25-31 of Table 1).  WO 2009/099394PCT/S62008/000043 Table 1. The avian
influenza viruses used in this experiment Serial No. 



Viruses Subtypes 1. Human/Indonesia/CDC7/06* H5N1 2, Human/Indonesia/CDC326/06* H5N1 3.
Human/Indonesia/CDC329/06* H5N1 4.  Human/Indonesia/CDC370/06* H5N1 5.
Human/Indonesia/CDC390/06* H5N1 6.  Human/Indonesia/CDC523/06* 



H5N1 7.  Human/Indonesia/CD0594/06* H5N1 8.  Human/Indonesia/CDC595/06* H5N1 9.
Human/Indonesia/CDC597/06* H5N1 10.  Human/Indonesia/CDC610/06* H5N1 11.
Human/Indonesia/CDC623/06* H5N1 12.  Human/Indonesia/CDC644/06* H5N1 



13.  Human/Indonesia/0DC669/06* H5N1 14.  Human/Indonesia/TLL01/06* H5N1 15.
Human/Indonesia/TLL02/06* H5N1 16.  Duck/Indonesia/TLL60/06* H5N1 17.
Human/Indonesia/TLL177/06* 



H5N1 18.  Human/Indonesia/TLL298/06* H5N1 19.  Human/Indonesia/TLL485/06* H5N1 20.
Human/Indonesia/TLL530/06* H5N1 21.  Human/Indonesia/TLL540/06* H5N1 22.
Human/Indonesia/TLL540/06* H5N1 23.  Human/Indonesia/TLL561/06* H5N1 



24.  Human/Indonesia/TLL565/06* H5N1 25.  Duck/Singapore/Singapore/97 H5N3 26.
Chicken/Singapore/Singapore/98 H5N2 27.  Chicken/Singapore/Singapore/92 H4N1 28.
Chicken/Singapore/Singapore/02 H3N2     



WO 2009/099394PCTISG2008/000043 29.  Common Icra/Indonesia/F89/11/95 H7N1 30.
Chicken/Singapore/Singapore/98 H9N2 31.  Mandarin Duck/Singapore/Singapore/93 H1ON5 * Highly
pathogenic AIV       Both high pathogenic and low pathogenic viruses were inoculated in the allantoic
cavity of 11 day old embryonated chicken eggs. The allantoic fluid was harvested from the eggs after
48 hours incubation. Virus titers were determined using Hemagglutination assays. The virus then was
clarified and stored at -80EC. All experiments with live viruses were performed in a biosafety level 3
containment laboratory and all the animal experiments were carried out in an Animal biosafety level
3(ABSI,3) containment laboratory in compliance with CDC/NIH and WHO recommendations [12,13]
and also were approved by the Agri-Food and Veterinary Agency (AVA) and Ministry of Health (MOH)
of Singapore. Molecular cloning        H5N1 (CDC/669/Indonesia/06) was inactivated with
betapropiolactone [14] and total RNA was extracted using Trizol (Invitrogen, Carlsbad, CA, USA). The
HAO gene was amplified from the cDNA and cloned into pQE-30 vector (Qiagen, Germany) using
standard cloning techniques for expression in bacteria. The clones were transformed into Escherichia
coli M15 pREP4 competent cells to express the protein. The HAI gene from the same strain was
cloned into pFASTBAC-HT, a vector used to construct a recombinant baculovirus harboring the H5N1
HAl gene (Invitrogen, Carlsbad, CA) which then was used to infect Sf-9 cells propagated in Sf-900 II
medium for  the development of an immunofluorescent assay to screen for H5 HAl-specific mAbs. 



Production of recombinant H5N1 MAO protein (rHAO)        The transformed E. coil M15 cells were
grown at 37EC to an 0D600 of 0.5 - 0.6 in Luria-Bertani (LB) medium containing ampicillin (100 gg/ml)
and protein expression was induced by the addition of 1 mmol/L IPTG for 3 hours with shaking. Cells
were pelleted and resuspended in phosphate buffered saline (PBS). The histidine fusion protein was
purified on Ni-NTA column (Quiagen, Germany) and the protein was used for analysis by SDS-PAGE
and Western blot. Production of monoclonal antibodies        Four adult female BALB/c mice, 4-6 weeks
old, were immunized intramuscularly three times with 25 gg of recombinant H5N1 MAO protein in 0.1
ml of PBS, which was emulsified with an equal volume of adjuvant (SEPPIC, France). Mouse humoral
immune responses were monitored with IFA and indirect enzyme linked immunosorbent assay
(ELISA). Three days before the fusion, the mice were boosted intravenously with 25 gg of recombinant
H5N1 HAO protein in 0.1 ml of PBS and spleen cells were harvested and fused with SP2/0 cells as
described previously [15]. The fused cells were seeded in 96-well plates and their supernatants were
screened by immunofluorescence assay using mock-infected or recombinant baculovirus-infected Sf9
cells, H5N2- and H5N3- infected MDCK cells as antigen as described below. Hybridomas in positive
wells were cloned two times by limiting dilution. Positive clones were checked for isotype by using a
one-minute isotyping kit (Amersham Bioscience, England) as described in the manufacturer=s
protocol. The hybridoma cultures were harvested and cell debris was  WO
2009/099394PCT/SG2008/000043 removed by centrifugation at 400 x g for 10 minutes. The
supernatant was collected and stored at -20EC. Immunofluorescence assay (IFA)        Sf-9 and MDCK
cells in 96-well plates were infected with either recombinant baculovirus harboring the truncated H5N1
HAl gene or AIV H5N1 Indonesian strains, H5N2 and H5N3 strains, respectively. At 36 hoursor Sf-9
cells) and 24- 48 hours (for MDCK cells) post-infection, the cells were fixed with 4%
para-formaldehyde for 30 minutes at room temperature and washed three times with PBS, pH 7.4. The
fixed cells were incubated with hybridoma culture fluid at 37EC for 1 hour. Cells were rinsed three
times with PBS and incubated with a 1:40 dilution of fluorescein isothiocyanate (FITS)-conjugated
rabbit anti-mouse Ig (Dako, Denmark). Cells were rinsed again in PBS prior to scoring results in an
epifluorescence microscope (Olympus, Japan) with appropriate barrier and excitation filters for
optimized FITC visualization.       One immunoglobulin, IgM MAb, designated 5F8, was strongly
positive for all Indonesian strains. It was selected for epitope mapping and further development of the
blocking ELISA. Immunoblotting       The selected mAb 5F8 was evaluated by immunoblotting assays.
The recombinant H5N1 HAD protein and whole purified H5N1 Indonesian strains and H5N2 and H5N3
strains were fractionated on 12% SDS-PAGE under non-reducing conditions. The separated proteins
were electro-transferred and immobilized onto nitrocellulose membrane. The membrane was blocked
with 5% non-fat milk in PBS containing 0.1% Tween-20 (PEST) at 37EC for 1 hour. The membrane
subsequently was  



incubated with hybridoma supernatant, rinsed in PBST and incubated with HRP-conjugated rabbit
anti-mouse Ig. The membrane bound antibody was detected with rabbit anti-mouse conjugated to
HRP. The membrane was developed by incubation with ECL reagents (Amersham Biosciences) [16].
Epitope mapping of 5F8  To locate the epitope of 5F8, the rHAL protein was dissected into five
overlapping fragments (See Figure 2A). The corresponding fragments of DNA were PCR amplified
using gene specific primers and clones into pQE-30 vector (Qiagen, Germany). The clones were
transformed into E. coil Ml5pREP4 competent cells (Qiagen, Germany) to express histidine fusion
proteins. The transformed E. coil M15 cells were grown at 37E0 to an 013600 of 0.5-0.6 in
Luria-Bertani (LB) medium containing ampicillin (100 Rg/m1) and protein expression was induced by
the addition of lmmol/L IPTG for 3 hours with shaking. Cells were pelleted and resuspended in
phosphate buffered saline (PBS). The expressed fusion-peptides were used for epitope mapping by
Western Blot.       For the second step of the epitope mapping, eight further truncated peptides were
expressed which were an extension of fragment four but truncated in the fragment five region (Fig.
2B). These eight sub-fragments also were expressed as histidine-fusion (His-fusion) peptides as
described above and were used for Western blot analysis. For the final step, 14 mutants were
generated having point mutations to mutate amino acids 287-300. All of the amino acids were mutated
to alanine except the Ala-297, which was mutated to glycine in a series of mutants. The point mutants
were generated using a PCR-based site-directed mutagenesis protocol. These mutants also were
expressed as His-fusion  WO 2009/099394PCT/SG2008/000043 peptides as described above, and
Western blot was carried out to exactly determine the amino acids forming the epitope for mAb 5F8.
Testing of Sera        To determine the specificity of the epitope-blocking ELISA using selected mAla
5F8, human and chicken serum samples were tested and the results were compared with those of HI
assay. The samples used for the present study were divided into human and chicken groups. The
human group consisted of 25 human sera samples divided into three groups. Group 1 comprised 10
serum samples originating from H5N1 influenza infected and recovered patients and obtained from the
Ministry of Health (MOH), Indonesia. The infection was confirmed by PCR and certified by the MOH,
Indonesia. Group 2 consisted of 5 healthy volunteers vaccinated with commercial influenza virus
vaccine (FLUARIX7) within the previous six months. FLUARIX7 contains hemagglutinin (HA) of each
of the following three virus strains: A/Solomon Islands/3/2006 (RINI), A/Wisconsin/67/2005 (H3N2) and
S/Malaysia/2506/2004. Group 3 consisted of 10 healthy volunteers known to have no history of
influenza infection and no use of an influenza vaccine. All samples were certified for their status by the
MOH, Indonesia.       Positive sera were generated using groups of chickens (n=5) from
non-vaccinated healthy flock. Chickens were inoculated intramuscularly with all 24 inactivated
Indonesian H5N1 strains (Table 1) and non-H5 subtypes, such as H3N2, H4N1, H7N1 and H9N2,
were emulsified in ISA-70 (SEPPIC, France) adjuvant twice at two week intervals. Sera samples were
collected on the 10th day after each of the 1st and 2nd immunizations and were evaluated for
antibodies against appropriate strains by IFA and indirect ELISA as described above. Other positive
sera were obtained from  chick experimentally infected with low pathogenic .H5N2 or H5N3 two weeks
after virus challenge. Bpitope-blocking ELISA  Optimal concentrations of H5N1 viral
antigen/recombinant HAl and 5F8 mAb were deteLmined by checkerboard titration to provide
near-maximal binding of 5E8 mAb. U-bottomed 96-well ELISA plates were coated with highly purified,
optimal concentration of recombinant HAl or CDC/523 H5N1 inactivated viral strain at 100 gL/well
under appropriate biological containment and incubated overnight at 4EC in coating buffer (0.1 mol/L
carbonate/bicarbonate, pH 9.6). Antigen-coated plates were washed three times with PBS-T
(phosphate-buffered saline [ph 7.5] containing 0.05% Tween 20) and non-specific sites were blocked
with 100 ILL blocking buffer (PBS containing 5% skim milk) for 1 hour at 37E0. Test sera samples
were serially diluted twofold in 



PBS-T, and 100 gL were added to each well and incubated for 45 minutes at 37E0. The plates were
washed four times with PBS-T and incubated with 100 gL of MAb supernatant for 1 hour at 37 EC.
Plates again were washed four times and the bound MAb was detected by the addition of 100 ILL of
peroxidase-labeled rabbit anti-mouse Ig diluted 1:1000, incubated for 1 hour at 37EC. After washing
with PBS-T, the plates were incubated with 100 gL of 3, 3', 5, 5'- tetramethyl benzidine (Sigma, USA).
The reaction was stopped by adding 0.1N sulfuric acid and the color development was read at 450 nm.
The percent inhibition of the colorimetric reaction caused by sample antibodies, blocking the binding of
the MAb to the antigen was calculated for each serum at different dilutions by using the formula for
percent inhibition as follows:        Percentage of inhibition = 100-[OD (test serum)/OD (negative
control) X 100]. A threshold of 50% inhibition by the test serum was considered >positive= for H51-IA
antibodies. Results were expressed as percent inhibition of MAb binding, relative to the inhibition
caused by the test sample. II. Results Characterization of monoclonal antibodies       A panel of
hybridoma clones secreting mAbs to H5HA1 antigen was screened by immunofluorescence (IFA)
against all 24 Indonesian H5N1 influenza strains and other H5 and non-H5 subtypes. The results
showed that 5F8 MAID strongly reacted with all MDCK cells infected with all H5 subtypes and Sf-9
cells infected with baculovirus expressing recombinant HAl and yielded positive cytoplasmic
immunofluorescence patterns (Figures 1A-1 and 1A-3), which were identical to those obtained with
rabbit anti-H5N1 serum. All the other subtypes, such as H7N1, H3N2, H4N2 and H9N2-infected MDCK
cells did not give a fluorescence signal (Figures 1A-2 and 1A-4). The mAb 5F8 was screened for the
ability to detect native HAl of H5N1 strains or H5 subtypes and rHAl by Western blotting (Figure 1B).
The mAb 5F8 strongly reacted with all Indonesian H5N1 strains and H5 subtypes and no
cross-reaction was observed with any other subtypes such as H7N1, H3N2, H4N2 and H9N2, by
Western blotting. Based upon the sensitivity and specificity of the monoclonal antibody by IFA and
Western blot, 5F8 mAb was selected for epitope mapping and then for use in EB-ELISA The isotype of
5F8 mAb was determined as IgM class. Epitope Mapping of mAb        In the first step of epitope
mapping, Western blot results showed that mAb 5F8 reacted with fragment 5 (amino  WO
2009/099394PCT/SG2008/000043 acids 256 to 337) (Figures 2A and 23; in Figure 23, the first "C"
stands for control and "A B C D E" stand for the name of the fragment as mentioned in Figure 2A).
For the second step of epitope mapping, truncated peptides were expressed which were an extension
of fragment four but truncated in the fragment five region (represented by the diagram in Figure 2A).
These eight subfragments also were expressed as histidine-fusion peptides as described above and
were used for Western blot analysis (Figure 2C). Western blot results showed that mAb 5F8 reacted
with fragments 8, 7, 6, 5 and 4, indicating that the epitope is within region 287 to 300. In the third and
final step, each of amino acids 287 to 300 in the fourth fragment was mutated to alanine and the
protein was expressed in E. coil as a histidine-fusion protein. Western blot results showed positive
results with mutants Y287A, G288A, N289A, M298A, Ga99A and A300G. The mutants C290A,
N291A, T292A, K293A, C294A, Q295A, T296A and 2297A showed negative results on the Western
blot. These data indicate that the mutants of the amino acids which showed negative results are the
one which are involved in the epitope and so, upon being mutated, were not recognized by mAb 5F8.
The other mutants were recognized by the mAb in spite of the mutations, indicating that they are not
involved in forming the epitope. These data indicate that the specific amino acids involved in the
epitope were CNTKCQTP.   EM 
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WO 2009/099394PCT/SG2008/000043 Epitope Blocking ETISA       The diagnostic efficacy of an
epitope blocking ELISA assay was characterized by its ability to detect H5HA antibodies in human and
chicken serum samples. All recovered human sera samples from H5N1 influenza infection tested
positive in epitope-blocking ELISA performed with mAb 5F8 with mean blocking values of >50% at a
dilution of >96 depending upon the recovered time from the infection (Table 3B). The HI test also
showed the HI titer of 24 (log 24 - 28). Samples with non-H5 vaccinated human sera showed 1015%
inhibition at 1:5 dilution. However, hemagglutination inhibition assay showed the HI titer of 14.4 (log 23
- 28),indicating cross-reactivity. The normal human sera showed <7% blocking of the MAb binding to
its antigenic site.       All the H5N1 immunized chicken serum samples tested positive in
epitope-blocking ELISA performed with mAb 5F8 with mean blocking values of >50% at a mean serum
dilution of >47 (40-57.6) on day 10 after the first immunization. Day 10 after the second immunization
showed mean serum dilution of >296.46 (256-328) blocking the mAb binding to its corresponding
epitope. However, the hemagglutination inhibition assay showed the HI titer log 23 - 24 and log 28 28
on those days (Day 7 and 14). The non-H5 subtypes infected sera samples showed maximum
blocking of 15% to 20% at 1:2 to 1:4 dilutions. Among the non-H5 subtypes tested, however, H3N2
immunized sera showed positive (log 24) in HI test on peak day 10 after the second immunization
(Table 3a).       Moreover, as shown in Figures 3A and 3B, the antibody responses showed similar
kinetics in using both rH5HA and H5N1 viral antigen for blocking. This study provides demonstration of
recombinant H5HA antigen as alternative H5N1 viral antigens for blocking ELISA for the detection of
antibodies.  WO 2009/099394PCT/S62008/000043 Table 3m Chicken serum antibody against H1 log
2 titer against CDC523 H5N1 strain Serum titeraE at 50% blocking the 5F8 mAb binding to the
CDC523 H5HA1 epitope (Blocking ELISA) viral Strain 



Day 10 after 1st Immuni- zation Day 10 after 1st Immuni- nation Day 10 after 1st immuni- nation Day
10 after 2nd Immuni- nation H5N1/IndonesisCD7/06 3.6V0.48 7.8V0.40 42.0V3.22 304V9.79 



H5N1/Indones a/ CDC326/06 3.2V0.40 7.8V0.40 43.2V4.08 296V9.79 H5N1/Indonesia/ CDC329/06
3.4V0.48 7.2V0.40 42.0V5.11 288V8.01 H5N1/Indonesia/ CDC370/06 4.2V0.40 7.2V0.40 43.6V4.98
304V9.79 H5N1/Indonesia/ CDC390/06 3.6V0.48 7.8V0.40 44.8V7.83 



304V9.79 H5N1/Indonesia/ CDC523/06 4.4V0.40 8.6V0.48 57.6V4.66 328V19.53 H5N1/Indonesia/
CDC594/06 3.6V.48 7.6V0.48 40.0V4.38 304V9.79 H5N1/Indonesia/ CDC595/06 3.6V0.40 8.2V0.40
51.2V5.42 312V8.01 H5N1/Indonesia/   



WO 2009/099394PCT/SG2008/000043 CDC597/06 4.2V0.40 7.8V0.54 44.8V6.49 272V8.01
}15N1/Indonesia/ CDC610/06 3.8V0.48 7.6V0.48 43.6V4.40 264V9.79 35N1/Indonesia/ CDC623/06
3.6V0.48 8.0V0.52 42.4V5.11 304V9.97 



H5N1/Indonesia/ CDC644/06 3.8V0.40 8.2V0.40 41.6V4.87 320V21.90 H5N1/Indonesia/ CDC699/06
4.2V0.48 8.2V0.40 44.8V3.20 304V9.79 H5N1/Indonesia/ ILL01/06 4.2V0.40 8.2V0.40 48.8V2.65
312V8.01 H5N1/Indonesia/ ILL02/06 3.8V0.48 7.8V0.40 46.4V2.99 



264V9.79 H5N1/Indonesia/ ILL60/06 3.6V0.48 7.6V0.48 45.6V3.48 272V9.79 H5N1/Indonesia/
TLL177/06 4.2V0.48 7.6V0.48 41.2V3.07 256V9.79 H5N1/Indonesia/ TLL298/06 3.8V0.40 7.6V0.48
47.2V2.65 264V8.01 H5N1/Indonesia/ TLL485/06 4.2V0.40 7.6V0.48 



46.4V2.99 272V9.79 H5N1/Indonesia/ TLL530/06 3.8V0.48 8.4V0.48 54.4V2.99 320V21.90
H5N1/Indonesia/ ILL535/06 3.8V0.48 8.2V0.40 51.2V3.20 288V8.01       WO
2009/099394PCUSG2008/000043 



H5N1/Indonesia/ TLL540/06 3.6V0.40 8.2V0.48 56.0V2.52 296V9.79 H5N1/Indonesia/ TLL561/06
4.2V0.40 7.6V0.48 49.6V2.99 288V8.01 H5N1/Indonesia/ TLL565/06 4.2V0.40 8.2V0.40 46.4V2.99
296V9.79 H5N2/Singapore/98 3.6V0.48 8.4V0.48 57.6V2.99 



304V9.79 H5N3/Singapore/97 4.2V0.40 8.4V0.48 51.2V1.95 328V19.59 H3N2/Singapore/02 2.4V0.50
4.2V0.40   H4N1/Singapore/92   -  H7N1/Singapore/94 - - 



- - H9N2/Singapore/98 -  - - H1ON5/Singapore/93 - -    a) Serum titer at 50% blocking the mAb binding
was expressed each individual chicken serum was blotted and was found mean values and expressed
(n=5/group V S.E.) Table 33 Human serum samples 51 titer against H5N1 strain Serum titer50%
blocking the mAb binding 



H5N1 infected sera 24.0 V 2.67 >96 V 13.50 (n=10)       Non-H5 vaccinated sera 14.6 V 1.6 0.0 



V 0.0  WO 2009/099394PCT/SG2008/000043 a) Serum titer at 50% blocking the mAb binding was
expressed each individual human serum was blotted and was found mean values and expressed
(mean value/group V S.E.) The results of the EB-ELISA and the HI test, commonly used for serological
testing for antibodies to influenza infection, illustrate the capacity of the EB-ELISA in comparison to
existing serological tests. The results of the testing with 10 well-defined positive human H5N1 sera
samples and 15 well-defined negative sera samples, including 5 sera from non-H5 vaccinated donors,
demonstrate the reliability of the EB-ELISA, which is able to identify all anti-H5N1 positive sera and
does not cross-react with non-H5 vaccinated sera. When serially diluted serum samples were tested in
both the EB ELISA and the HI test, the ELISA was able to detect lower antibody levels than the HI and
did not cross-react with non-H5 vaccinated sera samples. The HI test, in contrast, reacted with
heterologous anti-HA antibodies of non-H5 vaccinated sera samples.       The sensitivity of the EB
ELISA also was deteLmined by testing chicken sera samples from well-defined positive samples from
24 H5N1 Indonesian strains, as well as H5N2 and H5N3 strains. Again, the results showed that the
blocking test detects lower antibody levels than the HI test and also tested for specificity. The FIB
ELISA did not cross-react with serial dilutions of heterologous anti-HA antibodies of non-H5 subtypes.
In the HI test, however, cross-reactivity was observed with H3HA antibody, and the mean HI titer was
found to be log 22'4, log 2" on day 10 after the first and second immunizations, respectively.
Comparison of antibody titers determined by the FIB ELISA and HI revealed that the former is superior
in sensitivity and specificity when  examining both human and chicken sera. Although the HI test is
effective and sensitive, it requires hazardous virus production and handling, which is a significant
limitation to its desirability. Recombinant H5HA antigen, in contrast, can be prepared in any laboratory
with cell culture facilities, since the antigen is not infectious and does not represent a hazard to
susceptible animals.       Detection of antibodies to avian influenza viruses in mammalian species,
including humans, using HI assays generally have failed, even in cases in which experimental infection
was confirmed by virus isolation [25]. Furthermore, HAs of the H1, H2, H3, H5, and H6 subtypes have
been shown to contain a cross-reactive epitope recognized by anti-HA antibody [26, 27]. The
EB-ELISA developed in this study was highly specific for influenza H5 subtypes. It can be used for
large scale sero-epidemiological studies to determine the mode of transmission of the virus and the
risk factors associated with influenza H5 infection in human beings, animals and birds.       The
CNTKCQTP sequence of the epitope recognized by mAb 5E8 (aa 290-297) has been found to be
highly conserved in all human and essentially all chicken influenza H5 subtypes. It also is conserved in
almost all HE subtype strains from other species of animals and birds. The region is not present in any
of the non-H5 hemagglutinins except H1 subtypes and has been found in the latter only in mutated
form. The 5F8 mAb thus is particularly useful because the stability and high immUnogenicity of the
epitope makes the antibody very specific for diagnosing H5 subtypes. Example 2  I. Experimental A
second monoclonal antibody, designated 1G5, was  WO 2009/099394PCT/S62008/000043 generated
following the general procedures of Example 1 to obtain hybridoma supernatant. The mAb was raised
against the recombinant HAO protein, cloned from H5N1 influenza virus strain
A/goose/Guangdong/97. 



Immunofluorescence assay (IFA)        Sf-9 and MDCK cells were seeded in 960 well plates and
incubated with recombinant baculovirus harboring truncated H5N1 HAl gene and H5N1 viruses,
respectively, At 36 hours post-infection, the cells were fixed with 4% paraformaldehyde for 30 minutes
at room temperature. All washes were performed with PBS, pH 7.4. Fixed cells were incubated with
hybridoma culture fluid at 37C for 1 hour, washed and incubated with a 1:50 dilution of fluorescein
isothiocyanate (FITC)-conjugated rabbit anti-mouse Ig. Cells were washed and fluorescence was
visualized using an Olympus IX71 microscope with appropriate barrier and excitation filters.       One
mAb, designated 1G5, determined to be an IgM mAb, tested positive against all 24 known Indonesian
strains, as well as against other H5 subtypes by IFA and Western blot analyses. It was selected for
epitope mapping and further development of the blocking ELISA. Immunoblotting        Immunoblotting
was carried out in accordance with the general procedures of Example 1. Epitope mapping of 1G5
The epitope for mAb 1G5 was mapped using a fragmented protein over-expression protocol. To locate
the epitope of 1G5, the rHAl protein was dissected into five overlapping fragments, as shown in Figure
5A, using the protocol set forth in Example 1. For the second step of the epitope mapping, eight
further truncated peptides were expressed which were an extension of fragment four but truncated in
the fragment five region. These eight sub-fragments also were expressed as histidine-fusion peptides
as described in Example 1. For the final step, 13 mutants were generated having point mutations to
mutate amino acids 308 - 320. All of the amino acids were mutated to alanine in a series of mutants.
The point mutations were generated using a PCR-based site-directed mutagenesis protocol. The
mutants also were expressed as His-fusion peptides as described in Example 1, and Western blot
analysis was carried out to deteLiltine exactly the amino acids forming the epitope for mAb 1G5.
Testing of Sera        The specificity of the epitope-blocking ELISA using mAb 1G5 was determined in
accordance with the procedures set forth in Example 1. Epitope-blocking ELISA        MAb 1G5 was
used in an epitope blocking ELISA in accordance with the teachings of Example 1. II. Results
Characterization of monoclonal antibody        A panel of hybridoma clones secreting mAbs to H5A1
antigen was screened by immunofluorescence (IFA) against all 24 known Indonesian H5N1 influenza
strains and other H5 and non-1-15 subtypes. The results showed that mAb 1G5 strongly reacted with
all MDCK cells infected with all E5 subtypes and Sf-9 cells infected with baculovirus expressing
recombinant HAl and yielded positive cytoplasmic immunofluorescence patterns (Figures 4A-1 and
4A-3) identical to those obtained with rabbit anti-H5N1 serum. 



All the other subtypes, such as H7N1 (Figures 4A-2 and 4A-  WO 2009/099394PCTISG2008/000043
4), H3N2, H4N1, H9N2 and H1ONS, did not give a fluorescent signal. The mAb 1G5 was screened for
the ability to detect native HAl of H5N1 strains or H5 subtypes and rHAl by Western blotting (Figure
4B). MAb 1G5 strongly reacted with all known Indonesian H5N1 strains and H5 subtypes; no
cross-reaction was observed with the other subtypes by Western blotting. Based upon the sensitivity
and specificity of the monoclonal antibody by IFA and Western blot, 1G5 mAb was selected for epitope
mapping and then for use in EB-ELISA. The isotype of mAb 1G5 was determined to be of class IgM.
Epitope Mapping of mAb 1G5   In the first step of epitope mapping, Western blot analysis of the
fragments showed that mAb 1G5 reacted with the fifth fragment, between amino acids 256 and 337
(Figure 5B). Table 4 Results of Western blotting  Amino acid number Results on Western blot-1C5
rHAl 1-337 + Fragment A 1-75 - Fragment B 61-135 



- Fragment C 121-195 - Fragment D 181-255 - Fragment E 241-337         To further map the epitope,
in the second step, 8 sub-fragments of the 5th fragment were expressed as extensions of the fourth
fragment and expressed as His-fusion proteins.-  WO 2009/099394PCT/SG2008/000043 Western blot
results (Figure 5C) showed that 1G5 reacted with fragments 6, 7 and 8, indicating the epitope to be in
the region of amino acids 308 to 320. Table 5 Results of Western blotting  



Amino acid no: Result on,Wes ern blot Sub-fragment 1 256-270  Sub-fragment 2 256-280
Sub-fragment 3 256-290  Sub-fragment 4 256-300 - Sub-fragment 5 256-310 - Sub-fragment 6
256-320 



+ Sub-fragment 7 256-330  Sub-fragment 8 256-337   These results indicated that the epitope is
present in the region between amino acids 308 and 320. The tentative epitope for 1G5 was
determined to be HNIHPLTIGECPK.       In the third step, point mutations were introduced into the
clone SF6, such that all the amino acids from 308 to 320 were mutated to alanine, one amino acid at a
time, and the protein fragments were expressed again as His-fusion proteins. It was observed that the
mAb did not react with the protein fragments mutated in amino acids 310 to 317 but showed positive
reactions with the others on a Western blot (Figure 5C). From these results, it was concluded that the
WO 2009/099394PCT/SG2008/000043 epitope recognized by mAb 1G5 is IHPLTIGE. Table 6
Western blot analysis of the point mutated fragments Lane number Mutant Result of Western Blot 



1 Wildtype  2 H308A  3 N309A  4 1310A - 5 H311A - 6 P312A - 7 



L313A - 8 T314A  9 1315A - 10 G316A - 11 E3l7A - 12 C318A  13 P319A 



14 K320A - 15 Protein market -        The IHPLTIGE sequence of the epitope recognized by mAb 1G5
has been found to be highly conserved in all human and  WO 2009/099394PCT/S62008/000043
chicken influenza subtypes identified to date. The region is not present in any of the non-H5
hemagglutinins except certain H1 subtypes in which the epitope region contains mutations and is
non-reactive with the antibody. The 1G5 mAb thus is highly useful because the stability and high
immunogenicity of the epitope makes the antibody very specific for diagnosing H5 subtypes. Epitope
Blocking ELISA        The diagnostic efficacy of epitope blocking ELISA assay was characterized by its
ability to detect H5HA antibodies in human and chicken serum samples. All the H5N1 immunized
human and chicken serum samples tested positive in EB-ELISA performed with mAb 1G5 with mean
blocking values of 50% at a mean serum dilution of 1:30 in chickens (See Figure 8 and Figures 9A and
93) and 1:10 dilution in recovered human serum samples (Figure 8). Moreover, samples with non-H5
vaccinated human sera showed 7-13% inhibition at 1:5 dilutions. In contrast, HI assay showed the HI
titer 1og22. Example 3 Development of Antigen Capture ELISA (AC-ELISA)       96-well plates (Nunc,
Denmark) were coated with purified mAbs 5F8 and/or 1G5 in 50 ul carbonate buffer (73 mM sodium
bicarbonate and 30 mM sodium carbonate) and incubated at 37C for 1 hour or at 4C overnight. After
each incubation step, the plates were washed 3 times with PBS containing 0.05% Tween 20 (PBST),
and all dilutions were made in PBST containing 1% non-fat milk. The plates were blocked by
incubation with 100 pl of blocking solution (5% non-fat milk in PBS-T at 37C fr 1 hour, rinsed and
incubated with 50 pl of purified highly pathogenic H5N1 Indonesian strains/low pathogenic AIV H5
subtypes (H5N1/PR8, H5N2 and H5N3)/other non-H5 subtypes at 37C for 1 hour. After rinsing,
1001.11 of guinea pig monospecific antibody IgG (1:500 dilution) were added, incubated for 1 hour at
37C, washed and further incubated with 100 pl of HRP-conjugated rabbit anti-guinea pig
immunoglobulin (diluted 1:1000). Color development was performed by the addition of 100 pl TMB
substrate solution; reactions were stopped by the addition of 4M H2SO4 and A450 values measured
using a 



sunrise Tecan Remote ELISA plate reader. Working concentrations of mAbs and monospecific
antibodies were determined by checkerboard titration.       In order to optimize the AC-ELISA,
monoclonal and polyclonal antibodies were used interchangeably as capture and detection antibodies.
When the microtiter plate coated with guinea pig anti-ran polyclonal antibody, a much lower
absorbance was recorded compared to that recorded when the plate coated with mAbs as the capture
antibody. Therefore, mAbs were used as the capture antibody, while polyclonal antibody served as the
detector antibody. The combination of mAb 5F8 and mAb 1G5 used as capture antibodies gave
stronger detection signals than either of the mAbs alone (Figures 6A and 6B). Combination of the two
monoclonal antibodies shows high affinity and specificity for detecting HE antigen in AC-ELISA. No
cross-reaction with any other subtype was observed. Assays based on both mAb 5F8 and mAb 1G5
detected 102 TCID50 units of H5N1 (Figure 7). An H4N1- containing assay did not yield absorbances
significantly above background levels.       Mapping the two mAbs showed that they are directed to two
different epitopes of the same HA' antigen. Their separate linear epitopes increase the sensitivity for
the detection of the H5 antigen. The epitope recognized by mAb  WO
2009/099394PCUSG2008/000043 5F8 is a universal epitope and the eight amino acids of the epitope
are present in almost all of the available 1288 influenza a H5N1 sequences in the gene bank. The
epitope recognized by mAb 1G5 is present in all 1288 influenza H5 subtype strains presently known
and available in the gene bank. The distance between the two epitopes creates a high affinity for
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specifically to an epitope of an HE subtype of avian influenza virus that has substantially the
immunological binding characteristics of monoclonal antibody 5F8.        2. The binding protein of claim
1, which is a monoclonal antibody, a single chain antibody, an antibody fragment, a chimeric antibody
or a humanized antibody.        3. The binding protein of claim 1 which is a monoclonal antibody.        4.
Monoclonal antibody 5F8 as produced by hybridoma 5F8 which is deposited with the American Type
Culture Collection with Accession Number PTA-8757.        5. A binding protein which binds to epitope
CNTKCQTP of H5 hemagglutinin.       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 6 which is a monoclonal antibody.        8. A method of detecting HS
subtype avian influenza virus in a biological specimen which comprises contacting the specimen with
an antigen which comprises an epitope of the envelope glycoprotein of an HE subtype of avian
influenza virus comprising sequence CNTKCQTP and determining whether an antibody in the
specimen binds to said epitope.       9. The method of claim 8, which further comprises contacting said
sample and antigen with a binding protein having substantially the immunological binding
characteristics of monoclonal antibody SFS and determining how much of said binding protein binds to
said antigen.        10. The method of claim 9, wherein said binding protein is a monoclonal antibody.
11. The method of claim 10, wherein the monoclonal antibody is antibody 5F8 as produced by
hybridoma 5F8, deposited with the American Type Culture Collection under Accession Number
PTA-8757.       12. The method of claim 8, wherein said determination is made in an epitope blocking
assay.         13. A kit for detecting H5 subtype avian influenza virus in a biological specimen which
comprises a binding protein that binds to epitope CNTKCQTP of the envelope glycoprotein of an HE
subtype of avian influenza virus, the glycoprotein or a portion thereof comprising the amino acids of
said epitope and reagents for detecting binding of said binding protein to said epitope.        14. The kit
of claim 13 wherein said binding protein has the immunological binding characteristics of monoclonal
antibody 5F8.        15. The kit of claim 13, wherein said reagents can detect whether said binding
protein is blocked from binding to said glycoprotein by the presence in said biological specimen of an
antibody which recognizes said epitope of said glycoprotein.        16. A kit comprising a binding protein
that binds to epitope CNTKCQTP. 17. A kit comprising monoclonal antibody 5F8.  1 SEQUENCE
LISTING <110> mookkan, Prabakaran 



Padubidhri, Nayana Prabhu velumani, Sumathy Kwang, Hwei-Sing Jimmy <120> Bindin9 Protein and
Epitope-Blockin9 ELISA for the universal Detection of H5-subtype Influenza viruses <130>
2577-185.EP <150> PCT/SG2008/000043 <151> 2008-02-05 <160> 7 <170> PatentIn version 3.5
<210> 1 <211> 8 <212> PRT <213> Avian influenza virus <400> 1 Cys Asn Thr Lys Cys Gln Thr Pro
15 <210> 2 <211> 8 <212> PRT <213> Avian influenza virus <400> 2 Ile His Pro Leu Thr Ile Gly Glu
15 <210> 3 



<211> 10 <212> PRT <213> Avian influenza virus <400> 3 His Pro Leu Thr Ile Gly Glu Cys Pro Lys
1510 <210> 4 <211> 8 <212> PRT <213> duck influenza virus <400> 4 Cys Asn Thr Arg Cys Gln Thr
Pro 15 <210> 5 <211> 8 <212> PRT <213> chicken influenza virus  Cys Asn Thr Lys Cys Gln Thr Leu
15 <210> 6 <211> 8 <212> PRT <213> chicken influenza virus <400> 6 



Cys Asn Ala Lys Cys Gln Thr Pro 15 <210> 7 <211> 13 <212> PRT <213> Avian influenza virus
<400> 7 His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys 1510 


