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Claims 

What is claimed is: / 
J / 

1. A polypeptide whose sequence includes an element corresponding to a reference 

sequence element, which reference sequence element comprises residues 130-228 of a 

reference H5 HA that does not mediate significant human infectivity, / 

wherein the polypeptide's sequence element shows at least 80% overall .yequence 

identity with the reference sequence element but is not identical to the reference sequence 

element in that it includes at least one of: / 

i. a first feature that is a deletion of the amino acid corresponding to amino 

acid 130 of the reference H5 HA; 

ii. a second feature selected from the group consisting of: 

i. Xaa226 + ser228, / 

ii. Lys224 + Xaa226 / 

iii. Xaai37 + Xaa226+ ser228, / 

iv. Xaa226 + gly227 + ser228, / 

v. Xaai37 + pro221 + Xaa226+ ser228, anrf 

vi. Xaai37 + thrl 55 + pro221 + Xaa226*ygly227 + ser228; 

iii. a third feature selected from the group consisting of: 

i. glul88 + Xaa192 + Xaa^, / 

ii. aspl87 + Xaai93, and 

iii. Xaai93; and / 

iv. a fourth feature selected from the vxoup consisting of: 

i. alal60, 

ii. asnl58 + alal60, and / 

iii. asnl58 + thrl60, 

wherein the position of the amino^ncids of the second, third, and fourth features 

correspond to the referenced position of/the reference H5 HA, and wherein Xaa226 is 

selected from the group Leu, Tie, Val,/Met, and Ala, Xaai37 is selected from the group 

Arg, Lys, Gin, Glu, His, and Asn, Xtuii92 is selected from the group Arg, Thr, Ala, Val, 

Leu, and lie, and Xaai93 is selecteifl from the group Thr, Ala, Lys, Arg, and His. 
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2. The polypeptide of claim 1, wherein the polypeptide includes at least two 

features. 

3. The polypeptide of claim I, wherein the polypeptide includes at least three 

features, / 

4. The polypeptide of claim 1, wherein the polypeptide includes all four features. 

5. The polypeptide of claim 1, wherein the polypeptide is between 98 amino acids 

and 400 amino acids in length, inclusive. 

6. The polypeptide of claim 1, wherein the peptide's sequence • lement is between 

98 amino acids and 230 amino acids in length, inclusive. 

7. A vaccine composition comprising at least one antigeyi comprising 

a polypeptide whose sequence includes an element Corresponding to a reference 

sequence element, which reference sequence element comprises residues 130-228 of a 

reference H5 HA that does not mediate significant human infectivity, 

wherein the polypeptide's sequence element snows at least 80% overall sequence 

identity with the reference sequence element but is/not identical to the reference sequence 

element in that it includes at least one of: 

a first feature that is a deletion m the amino acid corresponding to amino 

acid 130 of the reference H5 MA; 

a second feature selected frcjm the group consisting of: 

i. Xaa226 + ser228, 

ii. Lys224 + Xaa226 

iii. Xaai37 + XaaX + ser228, 

iv. Xaal + gly2 Ll + ser228, 

v. XaaL?7 + ()i o221 + Xaa226 + ser228, and 

vi. Xaai37 thrl 55 + pro221 + Xaa22o + gly227' + ser228; 

a third feature" selected from the group consisting of: 
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iv. glu! 88 + Xaai92 + Xaai93, 

v. asp 187 + Xaai93, and 

vi. Xaai93; and 

a fourth feature selected from the group consisting of: 

iv. alal60, 

v. asnl58 + alal60, and 

vi. asnl58 + thr 160, 

wherein the position of the amino acids of the second, third, and foilrtl/fcatures 

correspond to the referenced position of the reference H5 HA, and wherein \aa226 is 

selected from the group Leu, lie, Val, Met, and Ala, Xaat3? is selected i rom the group 

Arg, Lys, Gin, Glu, His, and Asn, Xaai92 is selected from the group AiWThr, Ala, Val, 

Leu, and lie, and Xaai93 is selected from the group Thr, Ala, Lys, Ar /and His; and 

a pharmaceutical^ acceptable carrier. / 

8. The vaccine composition of claim 7, wherein the polypeptide includes at least two 

features. 

9. The vaccine composition of claim 7, wherein the polypeptide includes at least 

three features. 

10. The vaccine composition of claim 7, wherein/flic polypeptide includes all four 

features. 

11. The vaccine composition of claim 7, wherein the polypeptide is between 98 

amino acids and 400 amino acids in length, inclusive 

12. The vaccine composition of clain/7, wherein the peptide's sequence element is 

between 98 amino acids and 230 amino acids in length, inclusive 

13. A method of providing a •. 0m me comprising 
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providing at least one antigen comprising a polypeptide whose sequence includes 

an element corresponding to a reference sequence element, which reference sequence 

element comprises residues 130-228 of a reference H5 HA that does not mediate 

significant human infectivity, 

wherein the polypeptide's sequence element shows at least 80% overall sequence 

identity with the reference sequence element but is not identical to the reference/sequence 

element in that it includes at least one of: 

a first feature that is a deletion of the amino acid corresponding to amino 

acid 130 of the reference H5 HA; 

a second feature selected from the group consisting of: 

i. Xaa226 + ser228, 

ii. Lys224 + Xaa226 / 

iii. Xaai37 + Xaa226 + ser228, 

iv. Xaa226 + gly227 + ser228, 

v. Xaai37 + pro221 + Xaa22g + ser228, an</ 

vi. Xaai37 + thr 155 + pro221 + Xaa22e -h/gly227 + ser228; 

a third feature selected from the group consisting of: 

i. glul88 + Xaai92 + Xaai93, / 

ii. aspl87 + Xaai93, and 

iii. Xaai9j; and 

a fourth feature selected from the croup consisting of: 

i. alal60, 

ii. asnl58 + alal60, and 

Iii asn 158 I thr 160, 

wherein the position of the amino acids of the second, third, and fourth features 

correspond to the referenced position of the reference H5 HA, and wherein Xaa22& is 

selected from the group Leu, lie, Val( Met, and Ala, XaaL!7 is selected from the group 

Arg, Lys, Gin, Glu, His, and Asn, Auai92 is selected from the group Arg, Thr, Ala, Val, 

Leu, and lie, and Xaai93 is selected from the group Thr, Ala, Lys, Arg, and His; and 

formulating the provid/ii at least one antigen into a vaccine composition 
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14. The method of claim 13, wherein the polypeptide includes at least two features. 

15. The method of claim 13, wherein the polypeptide includes at least three features. / 

16. The method of claim 13, wherein the polypeptide includes all four features. / 

17. The method of claim 13, wherein the polypeptide is between 98 amino acuns and 

400 amino acids in length, inclusive. / 

18. The method of claim 13, wherein the peptide's sequence element is l>ctwcen 98 

amino acids and 230 amino acids in length, inclusive. / 

19. A diagnostic kit for determining pandemic risk in a strain of H.yinflucnza, the kit 

comprising / 

at least one antibody that binds to a polypeptide whose sequence includes an 

element corresponding to a reference sequence element, which reference sequence 

element comprises residues 130-228 of a reference H5 HA that does not mediate 

significant human infectivity, / 

wherein the polypeptide's sequence element shows a/least 80% overall sequence 

identity with the reference sequence element but is not idei/tical to the reference sequence 

element in that it includes at least one of: J 

a first feature that is a deletion of the am/no acid corresponding to amino 

acid 130 of the reference H5 HA; 

a second feature selected from the group consisting of: 

i. Xaa226 + ser228, / 

ii. Lys224 + Xaa226 / 

iii. Xaaj_?7 + Xaa226 + ser22j5, 

iv. Xaa226 + gly227 + ser2!28, 

v. Xaai37 + pro221 + V«ia22r> + ser228, and 

vi. Xaaj37 + thrl55 + j>ro221 +Xaa226 + gly227 + ser228; 

a third feature selected from the group consisting of: 
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i. glul88 + Xaa192 + Xaai93, 

ii. aspl87 + Xaai93, and 

iii. Xaai93; and / 

a fourth feature selected from the group consisting of: 

i. alal60, / 

ii. asnl58 + alal60, and 

iii. asnl58 + thrl60, / 

wherein the position of the amino acids of the second, third, and fourth features 

correspond to the referenced position of the reference H5 HA, and wheroin Xaa226 is 

selected from the group Leu, lie, Val, Met, and Ala, Xaai37 is selected from the group 

Arg, Lys, Gin, Glu, His, and Asn, Xaai92 is selected from the grou^ Arg, Thr, Ala, Val, 

Leu, and lie, and Xaai93 is selected from the group Thr, Ala, Lys; Arg, and His. 

20. The diagnostic kit of claim 19, wherein the polypeptide includes at least two 

features. / 

21. The diagnostic kit of claim 19, wherein the polypeptide includes at least three 

features. / 

22. The diagnostic kit of claim 19, whereat the polypeptide includes all four features. 

23. The diagnostic kit of claim 19, wherein the polypeptide is between 98 amino acids 

and 400 amino acids in length, inclusive. 

24. The diagnostic kit of claim 19, wherein the peptide's sequence element is between 

98 amino acids and 230 amincyacids in length, inclusive. 

25. The diagnostic kityof claim 19, wherein the reference sequence element is not 

glycosylated at position/l58. 
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26. The diagnostic kit of claim 19, further comprising an antibody that binds to a 

reference H5 HA that does not infect humans. / 

27. A method of monitoring influenza in a sample: / 

a. obtaining a sample from a source suspected to contain influenza; / 

b. contacting the sample with one or more agents that specifically binds to an 

H5 HA polypeptide of claim 1; / 

c. detecting binding of the agent with the sample, so that presence and/or 

level of the H5 HA in the sample is determined. / 

28. The method of claim 27, wherein the source is an environmental source. 

29. The method of claim 27, wherein the source is a human patient. / 

30. The method of claim 27, wherein the obtaining, contacting avid detecting steps are 

repeated at least once after a period of time has elapsed since the first obtaining, 

contacting and detecting steps were completed. 

31. The method of claim 27, further comprising contacting a sample from the source 

with one or more agents that specifically bind to an H5 HA mat does not infect humans. 

32. A polypeptide whose sequence includes an eleine/it corresponding to a reference 

sequence element, which reference sequence element comprises residues 130-228 of a 

reference H5 HA that does not mediate significant human infectivity, 

wherein the polypeptide's sequence element/shows at least 80% overall sequence 

identity with the reference sequence element but i.ynot identical to the reference sequence 

element in that it includes at least one of: 

a first feature that is a deletion of the amino acid corresponding to amino 

acid 130 of the reference H5 I VA; 

a second feature that is argl3/7 + thrl55 + pro221 + Ieu226 + gly227 + 

ser228; / 
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a third feature that is glu 188 + argl92 + ala!93; arid 

a fourth feature that is asn 158 + thr 160, 

wherein the position of the amino acids of the second, third, and fourth features 

correspond to the referenced position of the reference H5 HA. 

33. A polypeptide whose sequence includes an element corresponding to preference 

sequence element, which reference sequence element comprises residues 130-228 of a 

reference H5 HA that does not mediate significant human infectivity, 

wherein the polypeptide's sequence element shows at least 80'!^overall sequence 

identity with the reference sequence element but is not identical to tpe reference sequence 

element in that it includes at least one of: 

a first feature that is a deletion of the amino acid/corresponding to amino 

acid 130 of the reference H5 HA; 

a second feature that is argl37 + lys226 + s/r228, 

a third feature that is asp 187 + thr 193; an 

a fourth feature that is asnl58 + alal6(. 

wherein the position of the amino acids of t»c second, third, and fourth features 

correspond to the referenced position of the refeijcnce H5 HA. 
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Claims 

What is claimed is: 

1. An engineered polypeptide whose sequence, includes an element corresponding to a 

reference sequence element, which reference sequence element comprises residues 130-228 

of a reference H5 hemagglutinin (HA), including residues 127-136 (the "130 loop"), using 

positions based on the canonical H3 numbering system, which reference H5 HA is selected 

from the group consisting of wild type A/Egypt/N03450/2009 ("Egy09") and 

A/duck/Egypt/1018 5 S S/2010 ("Egy 10"), 

wherein the polypeptide's sequence element shows at least 80% overall sequence 

identity with the reference sequence element but is not identical to the reference sequence 

element and comprises each of: 

a first feature that is a deletion of an amino acid corresponding to an amino acid in the 

130 loop of the reference H5 HA; 

a second feature that is Lys224 + Leu226 

a third feature selected from the group consisting of: 

i. Aspi87 + Argi93, and 

ii. Argi93; 

a fourth feature selected from the group consisting of: 

i. Alai6o, and 

ii. Asni58 + Alai6o; 

wherein the position of the amino acids of the features correspond to the referenced 

position of the reference H5 HA, and 

which engineered HA polypeptide is characterized by increased preference for 

binding to a2-6 topology over a2-3 topology glycans relative to that preference displayed by 

the reference H5 HA polypeptide. 

2. The polypeptide of claim 1, wherein the polypeptide is between 98 amino acids and 

400 amino acids in length, inclusive. 

3. The polypeptide of claim 1, wherein the peptide's sequence element is between 98 

amino acids and 230 amino acids in length, inclusive. 
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4. A vaccine composition comprising at least one antigen that is 

a polypeptide of claim 1 and 

a pharmaceutically acceptable carrier. 

5. The vaccine composition of claim 4, wherein the polypeptide is between 98 amino 

acids and 400 amino acids in length, inclusive. 

6. The vaccine composition of claim 4, wherein the peptide's sequence element is 

between 98 amino acids and 230 amino acids in length, inclusive. 

7 A method of providing a vaccine comprising 

providing at least one antigen comprising a polypeptide of claim 1 and 

formulating the provided at least one antigen into a vaccine composition. 

8. The method of claim 7, wherein the polypeptide is between 98 amino acids and 400 

amino acids in length, inclusive. 

9. The method of claim 7, wherein the peptide's sequence element is between 98 amino 

acids and 230 amino acids in length, inclusive. 

10. A diagnostic kit for determining pandemic risk in a strain of H5 influenza, the kit 

comprising 

at least one antibody that binds to a polypeptide of claim 1. 

11. The diagnostic kit of claim 10, wherein the polypeptide is between 98 amino acids 

and 400 amino acids in length, inclusive. 

12. The diagnostic kit of claim 10, wherein the peptide's sequence element is between 98 

amino acids and 230 amino acids in length, inclusive. 

13. The diagnostic kit of claim 10, wherein the reference sequence element is not 

glycosylated at position 158. 
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14. The diagnostic kit of claim 10, further comprising an antibody that binds to a 

reference H5 HA that does not infect humans. 

15 A method of monitoring influenza in a sample: 

a. obtaining a sample from a source suspected to contain influenza; 

b. contacting the sample with one or more agents that specifically binds to an H5 

HA polypeptide of claim 1; 

c. detecting binding of the agent with the sample, so that presence and/or level of 

the H5 HA in the sample is determined. 

16. The method of claim 15, wherein the source is an environmental source. 

17. The method of claim 15, wherein the source is a human patient. 

18. The method of claim 15, wherein the obtaining, contacting and detecting steps are 

repeated at least once after a period of time has elapsed since the first obtaining, contacting 

and detecting steps were completed. 

19. The method of claim 15, further comprising contacting a sample from the source with 

one or more agents that specifically bind to an H5 HA that does not infect humans. 

20. An engineered polypeptide whose sequence, includes an element corresponding to a 

reference sequence element, which reference sequence element comprises residues 130-228 

of a reference hemagglutinin H5 HA, including residues 127-136 (the "130 loop"), using 

positions based on the canonical H3 numbering system, which reference H5 HA is Egy09, 

wherein the polypeptide's sequence element shows at least 80% overall sequence 

identity with the reference sequence element but is not identical to the reference sequence 

element and comprises each of: 

a first feature that is a deletion of an amino acid corresponding to an amino acid in the 

130 loop of the reference H5 HA; 

a second feature that is Lys224 + Leu226; 

a third feature selected from the group consisting of: 

i. Aspis? + Argi93, and 

ii. Xaai93; 
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a fourth feature that is Asm 58 + Alaieo, 

wherein the position of the amino acids of the features correspond to the referenced 

position of the reference H5 HA, and 

which engineered HA polypeptide is characterized by increased preference for 

binding to a2-6 topology over a2-3 topology glycans relative to that preference displayed by 

the reference H5 HA polypeptide. 

21. An engineered polypeptide whose sequence, includes an element corresponding to a 

reference sequence element, which reference sequence element comprises residues 130-228 

of a reference hemagglutinin H5 HA including residues 127-136 (the "130 loop"), using 

positions based on the canonical H3 numbering system, which reference H5 HA is Egy09, 

wherein the polypeptide's sequence element shows at least 80% overall sequence 

identity with the reference sequence element but is not identical to the reference sequence 

element and comprises each of: 

a first feature that is a deletion of an amino acid corresponding to an amino acid in the 

130 loop of the reference H5 HA; 

a second feature that is Lys224 + Leu226, 

a third feature that is Aspm + Argi93; and 

a fourth feature that is Asm 58 + Alai60, 

wherein the position of the amino acids of the features correspond to the referenced 

position of the reference H5 HA, and 

which engineered HA polypeptide is characterized by increased preference for 

binding to a2-6 topology over a2-3 topology glycans relative to that preference displayed by 

the reference H5 HA polypeptide. 

22. An engineered polypeptide whose sequence, includes an element corresponding to a 

reference sequence element, which reference sequence element comprises residues 130-228 

of a reference H5 HA, including residues 127-136 (the "130 loop"), using positions based on 

the canonical H3 numbering system, which reference H5 HA is EgylO, 

wherein the polypeptide's sequence element shows at least 80% overall sequence 

identity with the reference sequence element but is not identical to the reference sequence 

element and comprises each of: 

a first feature that is a deletion of an amino acid corresponding to an amino acid in the 

130 loop of the reference H5 HA; 
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a second feature that is Lys224 + Leu226, 

a third feature that is Asp 187 + Argi93; and 

a fourth feature that is Alaieo, 

wherein the position of the amino acids of the features correspond to the referenced 

position of the reference H5 HA, and 

which engineered HA polypeptide is characterized by increased preference for 

binding to a2-6 topology over a2-3 topology glycans relative to that preference displayed by 

the reference H5 HA polypeptide. 
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