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demonstrated that DENV-specific Abs can enhance Zika infection [Nature. 

2016;536(7614):48-53. doi: 10.1038/nature18938, Nat Immunol. 2016;17(9):1102-8.].  

SUMMARY 

The disclosure provides anti-DENV antibodies, polypeptides containing variant Fc 

regions, and methods of using the same. 5 

In one aspect, the present disclosure refers to the use of in the manufacture of a 

medicament for treating or preventing Zika virus infection, wherein the antibody comprises a 

VH sequence of SEQ ID NO: 6 and a VL sequence of SEQ ID NO: 7, wherein the antibody 

further comprises the amino acid sequence of SEQ ID NO: 59. 
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In another example, the present disclosure refers to the use of an antibody in the 

manufacture of a medicament for treating or preventing Zika virus infection, the antibody 

comprising (a) a VH sequence having at least 95% sequence identity to the amino acid 

sequence of any one of SEQ ID NOs: 2-6; (b) a VL sequence having at least 95% sequence 

identity to the amino acid sequence of any one of SEQ ID NOs: 8-10; or (c) a VH sequence of 5 

any one of SEQ ID NOs: 2-6 and a VL sequence of any one of SEQ ID NOs: 8-10.  

In yet another example, the present disclosure refers to the use of an antibody that binds 

to Zika virus in the manufacture of a medicament for treating or preventing Zika virus 

infection, wherein the antibody comprises: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 12, (b) HVR-H2 10 

comprising the amino acid sequence of SEQ ID NO: 15, (c) HVR-H3 comprising the amino 

acid sequence of SEQ ID NO: 20, (d) HVR-L1 comprising the amino acid sequence of SEQ ID 

NO: 21, (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 24 and (f) HVR-L3 

comprising the amino acid sequence of SEQ ID NO: 27.  

In some examples, an isolated anti-DENV antibody of the present disclosure binds to 15 

DENV E protein.  In some examples, an anti-DENV antibody of the disclosure comprises: 

(a) (i) HVR-H3 comprising the amino acid sequence GGX1ALFYDSYTTPX2DX3GSWWFDP, 

wherein X1 is R or E, X2 is R or F, X3 is G, D or L (SEQ ID NO: 42), (ii) HVR-L3 comprising 

the amino acid sequence QQFX1X2LPIT, wherein X1 is D, S or E, X2 is D or A (SEQ ID NO: 

45), and (iii) HVR-H2 comprising the amino acid sequence VINPRGGSX1X2SAQKFQG, 20 

wherein X1 is T or R, X2 is A or R (SEQ ID NO: 41); 

(b) (i) HVR-H1 comprising the amino acid sequence SX1YX2H, wherein X1 is N or Y, X2 is I 

or M (SEQ ID NO: 40), (ii) HVR-H2 comprising the amino acid sequence 

VINPRGGSX1X2SAQKFQG, wherein X1 is T or R, X2 is A or R (SEQ ID NO: 41), and (iii) 

HVR-H3 comprising the amino acid sequence GGX1ALFYDSYTTPX2DX3GSWWFDP, 25 

wherein X1 is R or E, X2 is R or F, X3 is G, D or L (SEQ ID NO: 42); 

(c) (i) HVR-H1 comprising the amino acid sequence SX1YX2H, wherein X1 is N or Y, X2 is I 

or M (SEQ ID NO: 40), (ii) HVR-H2 comprising the amino acid sequence 
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VINPRGGSX1X2SAQKFQG, wherein X1 is T or R, X2 is A or R (SEQ ID NO: 41), (iii) HVR-

H3 comprising the amino acid sequence GGX1ALFYDSYTTPX2DX3GSWWFDP, wherein X1 

is R or E, X2 is R or F, X3 is G, D or L (SEQ ID NO: 42), (iv) HVR-L1 comprising the amino 

acid sequence QASQX1IRX2YLN, wherein X1 is D or E, X2 is K or Q (SEQ ID NO: 43); (v) 

HVR-L2 comprising the amino acid sequence DASX1LKX2, wherein X1 is N or E, X2 is T or F 5

(SEQ ID NO: 44); and (vi) HVR-L3 comprising the amino acid sequence QQFX1X2LPIT, 

wherein X1 is D, S or E, X2 is D or A (SEQ ID NO: 45); or 

(d) (i) HVR-L1 comprising the amino acid sequence QASQX1IRX2YLN, wherein X1 is D or E, 

X2 is K or Q (SEQ ID NO: 43); (ii) HVR-L2 comprising the amino acid sequence 

DASX1LKX2, wherein X1 is N or E, X2 is T or F (SEQ ID NO: 44); and (iii) HVR-L3 10

comprising the amino acid sequence QQFX1X2LPIT, wherein X1 is D, S or E, X2 is D or A 

(SEQ ID NO: 45).  In some examples, the antibody of the disclosure is not an antibody 

comprising (i) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 11, (ii) HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 13, (iii) HVR-H3 comprising the amino 

acid sequence of SEQ ID NO: 16, (iv) HVR-L1 comprising the amino acid sequence of SEQ 15

ID NO: 21, (v) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 24, and (vi) 

HVR-L3 comprising the amino acid sequence of SEQ ID NO: 27.   

In some examples, an isolated anti-DENV antibody of the disclosure comprises: 

(a) (i) HVR-H3 from the VH sequence of any one of SEQ ID NOs: 2-6, (ii) HVR-L3 from the 

VL sequence of any one of SEQ ID NOs: 8-10, and (iii) HVR-H2 from the VH sequence of any 20

one of SEQ ID NOs: 2-6; 

(b) (i) HVR-H1 from the VH sequence of any one of SEQ ID NOs: 2-6, (ii) HVR-H2 from the 

VH sequence of any one of SEQ ID NOs: 2-6, and (iii) HVR-H3 from the VH sequence of any 

one of SEQ ID NOs: 2-6; 

(c) (i) HVR-H1 from the VH sequence of any one of SEQ ID NOs: 2-6, (ii) HVR-H2 from the 25

VH sequence of any one of SEQ ID NOs: 2-6, (iii) HVR-H3 from the VH sequence of any one 

of SEQ ID NOs: 2-6, (iv) HVR-L1 from the VL sequence of any one of SEQ ID NOs: 8-10; (v) 

HVR-L2 from the VL sequence of any one of SEQ ID NOs: 8-10; and (vi) HVR-L3 from the 

VL sequence of any one of SEQ ID NOs: 8-10; 

(d) (i) HVR-L1 from the VL sequence of any one of SEQ ID NOs: 8-10; (ii) HVR-L2 from the 30

VL sequence of any one of SEQ ID NOs: 8-10; and (iii) HVR-L3 from the VL sequence of any 

one of SEQ ID NOs: 8-10; or 

(e) (i) HVR-H1 from the VH sequence of any one of SEQ ID NOs: 2-6, (ii) HVR-H2 from the 

VH sequence of any one of SEQ ID NOs: 2-6, (iii) HVR-H3 from the VH sequence of any one 



5 
 
of SEQ ID NOs: 2-6, (iv) HVR-L1 from the VL sequence of any one of SEQ ID NOs: 7; (v) 

HVR-L2 from the VL sequence of any one of SEQ ID NOs: 7; and (vi) HVR-L3 from the VL 

sequence of any one of SEQ ID NOs: 7. 

  In some examples, the antibody of the disclosure is not an antibody comprising (i) HVR-H1 

from the VH sequence of SEQ ID NO: 1, (ii) HVR-H2 from the VH sequence of SEQ ID NO: 5

1, (iii) HVR-H3 from the VH sequence of SEQ ID NO: 1, (iv) HVR-L1 from the VL sequence 

of SEQ ID NO: 7, (v) HVR-L2 from the VL sequence of SEQ ID NO: 7, and (vi) HVR-L3 

from the VL sequence of SEQ ID NO: 7.  

In some examples, an isolated anti-DENV antibody of the present disclosure further 

comprises a heavy chain variable domain framework FR1 comprising the amino acid sequence 10

of SEQ ID NO: 31, FR2 comprising the amino acid sequence of SEQ ID NO: 32, FR3 

comprising the amino acid sequence of SEQ ID NO: 33 or 34, FR4 comprising the amino acid 

sequence of SEQ ID NO: 35.  In some examples, an isolated anti-DENV antibody of the 

present disclosure further comprises a light chain variable domain framework FR1 comprising 

the amino acid sequence of SEQ ID NO: 36, FR2 comprising the amino acid sequence of SEQ 15

ID NO: 37, FR3 comprising the amino acid sequence of SEQ ID NO: 38, FR4 comprising the 

amino acid sequence of SEQ ID NO: 39. 

In some examples, an isolated anti-DENV antibody of the present disclosure comprises 

(a) a VH sequence having at least 95% sequence identity to the amino acid sequence of any one 

of SEQ ID NOs: 2-6; (b) a VL sequence having at least 95% sequence identity to the amino 20

acid sequence of any one of SEQ ID NOs: 8-10; (c) a VH sequence of any one of SEQ ID NOs: 

2-6 and a VL sequence of any one of SEQ ID NOs: 8-10; or (d) a VH sequence of any one of 

SEQ ID NOs: 2-6 and a VL sequence of any one of SEQ ID NOs: 7. 

In some examples, an isolated anti-DENV antibody of the present disclosure is a 

monoclonal antibody.  In some examples, an isolated anti-DENV antibody of the present 25

disclosure is a human, humanized, or chimeric antibody.  In some examples, an isolated anti-

DENV antibody of the present disclosure is an antibody fragment that binds to DENV or 

DENV E protein.  In some examples, an isolated anti-DENV antibody of the present disclosure 

is a full length IgG antibody. 

In some examples, an Fc region of an anti-DENV antibody of the present disclosure 30

comprises Ala at position 234 and Ala at position 235 according to EU numbering.  In some 

examples, an Fc region of an anti-DENV antibody of the present disclosure may be selected 

from variant Fc regions described herein. 
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The disclosure also provides isolated nucleic acids encoding an anti-DENV antibody of 

the present disclosure.  The disclosure also provides host cells comprising a nucleic acid of the 

present disclosure.  The disclosure also provides a method of producing an antibody 

comprising culturing a host cell of the present disclosure so that the antibody is produced. 

The disclosure also provides a pharmaceutical formulation comprising an anti-DENV 5

antibody of the present disclosure and a pharmaceutically acceptable carrier. 

Anti-DENV antibodies of the present disclosure may be for use as a medicament.  In 

some examples, anti-DENV antibodies of the present disclosure may be for use in treating 

DENV infecftion.   

Anti-DENV antibodies of the present disclosure may be used in the manufacture of a 10

medicament.  In some examples, the medicament is for treatment of a DENV infection.  

The disclosure also provides a method of treating an individual having a DENV 

infection.  In some examples, the method comprises administering to the individual an 

effective amount of an anti-DENV antibody of the present disclosure .  In some examples, the 

method further comprises administering to the individual an additional therapeutic agent, e.g., 15

as described below.     

In some examples, a variant Fc region of the present disclosure comprises at least one 

amino acid alteration in a parent Fc region.  In further examples, the variant Fc region has a 

substantially decreased Fc -binding activity when compared to the parent Fc region.  In 

further examples, the variant Fc region does not have a substantially decreased C1q-binding 20

activity when compared to the parent Fc region. 

In some examples, a variant Fc region of the present disclosure comprises Ala at 

position 234, Ala at position 235, according to EU numbering.  In further examples, the variant 

Fc region comprises amino acid alterations of any one of the following (a)-(c): (a) positions 

267, 268, and 324,  (b) positions 236, 267, 268, 324, and 332, and (c) positions 326 and 333; 25

according to EU numbering.    

In some examples, a variant Fc region of the present disclosure comprises amino acids 

selected from the group consisting of: (a) Glu at position 267, (b) Phe at position 268, (c) Thr 

at position 324, (d) Ala at position 236, (e) Glu at position 332, (f) Ala, Asp, Glu, Met, or Trp 

at position 326, and (g) Ser at position 333; according to EU numbering. 30

In some examples, a variant Fc region of the present disclosure further comprises amino 

acids selected from the group consisting of: (a) Ala at position 434, (b) Ala at position 434, Thr 

at position 436, Arg at position 438, and Glu at position 440, (c) Leu at position 428, Ala at 

position 434, Thr at position 436, Arg at position 438, and Glu at position 440, and (d) Leu at 
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position 428, Ala at position 434, Arg at position 438, and Glu at position 440; according to 

EU numbering. 

In some examples, a variant Fc region of the present disclosure comprises any of the 

amino acid alterations, singly or in combination, as described in Table 4.  In some examples, a 

parent Fc region described in the present disclosure is derived from human IgG1.  The 5

disclosure provides a polypeptide comprising the amino acid sequence of any one of SEQ ID 

NOs: 51-59. 

In some examples, a polypeptide comprising a variant Fc region of the present 

disclosure is an antibody.  In further examples, the antibody is an anti-virus antibody.  In 

further examples, the antibody comprises a variable region derived from an anti-DENV 10

antibody described herein.   

In further examples, the antibody comprises:  

(a) (i) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 16, (ii) HVR-L3 

comprising the amino acid sequence of SEQ ID NO: 27, and (iii) HVR-H2 comprising the 

amino acid sequence of SEQ ID NO: 13; 15

(b) (i) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 11, (ii) HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 13, and (iii) HVR-H3 comprising the 

amino acid sequence of SEQ ID NO: 16; 

(c) (i) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 11, (ii) HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 13, (iii) HVR-H3 comprising the amino 20

acid sequence of SEQ ID NO: 16, (iv) HVR-L1 comprising the amino acid sequence of SEQ 

ID NO: 21; (v) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 24; and (vi) 

HVR-L3 comprising the amino acid sequence of SEQ ID NO: 27; or 

(d) (i) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 21; (ii) HVR-L2 

comprising the amino acid sequence of SEQ ID NO: 24; and (iii) HVR-L3 comprising the 25

amino acid sequence of SEQ ID NO: 27. 

In further examples, the antibody comprises: 

(a) (i) HVR-H3 from the VH sequence of SEQ ID NO: 6, (ii) HVR-L3 from the VL sequence 

of SEQ ID NO: 10, and (iii) HVR-H2 from the VH sequence of SEQ ID NO: 6; 

(b) (i) HVR-H1 from the VH sequence of SEQ ID NO: 6, (ii) HVR-H2 from the VH sequence 30

of SEQ ID NO: 6, and (iii) HVR-H3 from the VH sequence of SEQ ID NO: 6; 

(c) (i) HVR-H1 from the VH sequence of SEQ ID NO: 6, (ii) HVR-H2 from the VH sequence 

of SEQ ID NO: 6, (iii) HVR-H3 from the VH sequence of SEQ ID NO: 6, (iv) HVR-L1 from 
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the VL sequence of SEQ ID NO: 10; (v) HVR-L2 from the VL sequence of SEQ ID NO: 10; 

and (vi) HVR-L3 from the VL sequence of SEQ ID NO: 10;  

(d) (i) HVR-L1 from the VL sequence of SEQ ID NO: 10; (ii) HVR-L2 from the VL sequence 

of SEQ ID NO: 10; and (iii) HVR-L3 from the VL sequence of SEQ ID NO: 10; or 

(e) (i) HVR-H1 from the VH sequence of SEQ ID NO: 6, (ii) HVR-H2 from the VH sequence 5

of SEQ ID NO: 6, (iii) HVR-H3 from the VH sequence of SEQ ID NO: 6, (iv) HVR-L1 from 

the VL sequence of SEQ ID NO: 7; (v) HVR-L2 from the VL sequence of SEQ ID NO: 7; and 

(vi) HVR-L3 from the VL sequence of SEQ ID NO: 7; 

The disclosure also provides isolated nucleic acids encoding a polypeptide comprising a 

variant Fc region of the present disclosure.  The disclosure also provides host cells comprising 10

a nucleic acid of the present disclosure.  The disclosure also provides a method of producing a 

polypeptide comprising a variant Fc region comprising culturing a host of the present 

disclosure so that the polypeptide is produced. 

The disclosure also provides a pharmaceutical formulation comprising a polypeptide 

comprising a variant Fc region of the present disclosure and a pharmaceutically acceptable 15

carrier. 

Polypeptides comprising variant Fc regions of the present disclosure may be for use as a 

medicament.  In some examples, polypeptides comprising variant Fc regions of the present 

disclosure may be for use in treating a viral infecftion.   

Polypeptides comprising variant Fc regions of the present disclosure may be used in the 20

manufacture of a medicament.  In some examples, the medicament is for treatment of a viral 

infection.  

The disclosure also provides a method of treating an individual having a viral infection.  

In some examples, the method comprises administering to the individual an effective amount 

of a polypeptide comprising a variant Fc region of the present disclosure. 25

The disclosure also provides an anti-DENV antibody described herein, further 

comprising a polypeptide comprising a variant Fc region of the present disclosure. 

In one example, the disclosure provides methods for treating or preventing Zika virus 

infection.  

In some examples, a method for treating or preventing Zika virus infection of the 30

present disclosure comprisies administering an antibody that binds to Zika virus.  

In some examples, the antibody that binds to Zika virus of the present disclosure 

comprises: 



9 
 
(a) (i) HVR-H3 comprising the amino acid sequence GGX1ALFYDSYTTPX2DX3GSWWFDP, 

wherein X1 is R or E, X2 is R or F, X3 is G, D or L (SEQ ID NO: 42), (ii) HVR-L3 comprising 

the amino acid sequence QQFX1X2LPIT, wherein X1 is D, S or E, X2 is D or A (SEQ ID NO: 

45), and (iii) HVR-H2 comprising the amino acid sequence VINPRGGSX1X2SAQKFQG, 

wherein X1 is T or R, X2 is A or R (SEQ ID NO: 41); 5

(b) (i) HVR-H1 comprising the amino acid sequence SX1YX2H, wherein X1 is N or Y, X2 is I 

or M (SEQ ID NO: 40), (ii) HVR-H2 comprising the amino acid sequence 

VINPRGGSX1X2SAQKFQG, wherein X1 is T or R, X2 is A or R (SEQ ID NO: 41), and (iii) 

HVR-H3 comprising the amino acid sequence GGX1ALFYDSYTTPX2DX3GSWWFDP, 

wherein X1 is R or E, X2 is R or F, X3 is G, D or L (SEQ ID NO: 42); 10

(c) (i) HVR-H1 comprising the amino acid sequence SX1YX2H, wherein X1 is N or Y, X2 is I 

or M (SEQ ID NO: 40), (ii) HVR-H2 comprising the amino acid sequence 

VINPRGGSX1X2SAQKFQG, wherein X1 is T or R, X2 is A or R (SEQ ID NO: 41), (iii) HVR-

H3 comprising the amino acid sequence GGX1ALFYDSYTTPX2DX3GSWWFDP, wherein X1 

is R or E, X2 is R or F, X3 is G, D or L (SEQ ID NO: 42), (iv) HVR-L1 comprising the amino 15

acid sequence QASQX1IRX2YLN, wherein X1 is D or E, X2 is K or Q (SEQ ID NO: 43); (v) 

HVR-L2 comprising the amino acid sequence DASX1LKX2, wherein X1 is N or E, X2 is T or F 

(SEQ ID NO: 44); and (vi) HVR-L3 comprising the amino acid sequence QQFX1X2LPIT, 

wherein X1 is D, S or E, X2 is D or A (SEQ ID NO: 45); or 

(d) (i) HVR-L1 comprising the amino acid sequence QASQX1IRX2YLN, wherein X1 is D or E, 20

X2 is K or Q (SEQ ID NO: 43); (ii) HVR-L2 comprising the amino acid sequence 

DASX1LKX2, wherein X1 is N or E, X2 is T or F (SEQ ID NO: 44); and (iii) HVR-L3 

comprising the amino acid sequence QQFX1X2LPIT, wherein X1 is D, S or E, X2 is D or A 

(SEQ ID NO: 45).  In some examples, the antibody of the disclosure is not an antibody 

comprising (i) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 11, (ii) HVR-H2 25

comprising the amino acid sequence of SEQ ID NO: 13, (iii) HVR-H3 comprising the amino 

acid sequence of SEQ ID NO: 16, (iv) HVR-L1 comprising the amino acid sequence of SEQ 

ID NO: 21, (v) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 24, and (vi) 

HVR-L3 comprising the amino acid sequence of SEQ ID NO: 27.   

In some examples, the antibody that binds to Zika virus of the present disclosure further 30

comprises a heavy chain variable domain framework FR1 comprising the amino acid sequence 

of SEQ ID NO: 31, FR2 comprising the amino acid sequence of SEQ ID NO: 32, FR3 

comprising the amino acid sequence of SEQ ID NO: 33 or 34, FR4 comprising the amino acid 

sequence of SEQ ID NO: 35.  In some examples, the antibody that binds to Zika virus of the 
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present disclosure further comprises a light chain variable domain framework FR1 comprising 

the amino acid sequence of SEQ ID NO: 36, FR2 comprising the amino acid sequence of SEQ 

ID NO: 37, FR3 comprising the amino acid sequence of SEQ ID NO: 38, FR4 comprising the 

amino acid sequence of SEQ ID NO: 39. 

In some examples, the antibody that binds to Zika virus of the present disclosure 5

comprises (a) a VH sequence having at least 95% sequence identity to the amino acid sequence 

of any one of SEQ ID NOs: 2-6; (b) a VL sequence having at least 95% sequence identity to 

the amino acid sequence of any one of SEQ ID NOs: 8-10; (c) a VH sequence of any one of 

SEQ ID NOs: 2-6 and a VL sequence of any one of SEQ ID NOs: 8-10; or (d) a VH sequence 

of any one of SEQ ID NOs: 2-6. 10

The disclosure also provides a method of treating Zika infection.  In some examples, 

the method comprises administering to the individual an effective amount of an anti-Zika 

antibody of the present disclosure.       

In some examples, a variant Fc region of the antibody that binds to Zika virus of the 

present disclosure comprises Ala at position 234, Ala at position 235, according to EU 15

numbering.  In further examples, the variant Fc region comprises amino acid alterations of any 

one of the following (a)-(c): (a) positions 267, 268, and 324,  (b) positions 236, 267, 268, 324, 

and 332, and (c) positions 326 and 333; according to EU numbering.    

In some examples, a variant Fc region of the antibody that binds to Zika virus of the 

present disclosure comprises amino acids selected from the group consisting of: (a) Glu at 20

position 267, (b) Phe at position 268, (c) Thr at position 324, (d) Ala at position 236, (e) Glu at 

position 332, (f) Ala, Asp, Glu, Met, or Trp at position 326, and (g) Ser at position 333; 

according to EU numbering. 

In some examples, a variant Fc region of the antibody that binds to Zika virus of the 

present disclosure further comprises amino acids selected from the group consisting of: (a) Ala 25

at position 434, (b) Ala at position 434, Thr at position 436, Arg at position 438, and Glu at 

position 440, (c) Leu at position 428, Ala at position 434, Thr at position 436, Arg at position 

438, and Glu at position 440, and (d) Leu at position 428, Ala at position 434, Arg at position 

438, and Glu at position 440; according to EU numbering. 

The disclosure provides a polypeptide comprising the amino acid sequence of any one 30

of SEQ ID NOs: 51-59. 

In further examples, the antibody that binds to Zika virus of the present disclosure 

comprises: 
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(a) (i) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 16, (ii) HVR-L3 

comprising the amino acid sequence of SEQ ID NO: 27, and (iii) HVR-H2 comprising the 

amino acid sequence of SEQ ID NO: 13; 

(b) (i) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 11, (ii) HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 13, and (iii) HVR-H3 comprising the 5

amino acid sequence of SEQ ID NO: 16; 

(c) (i) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 11, (ii) HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 13, (iii) HVR-H3 comprising the amino 

acid sequence of SEQ ID NO: 16, (iv) HVR-L1 comprising the amino acid sequence of SEQ 

ID NO: 21; (v) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 24; and (vi) 10

HVR-L3 comprising the amino acid sequence of SEQ ID NO: 27; or 

(d) (i) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 21; (ii) HVR-L2 

comprising the amino acid sequence of SEQ ID NO: 24; and (iii) HVR-L3 comprising the 

amino acid sequence of SEQ ID NO: 27. 

 In further examples, the antibody that binds to Zika virus of the present disclosure 15

comprises a VH variant sequence selected from the group consisting of: 3CH1047 (SEQ ID 

NO: 6), and 3CH1049 (SEQ ID NO: 95) with a human IgG1 CH sequence selected from the 

group consisting of: SG182 (SEQ ID NO: 46), SG1095 (SEQ ID NO: 54) and SG1106 (SEQ 

ID NO: 59); and a VL variant sequence selected from the group consisting of 3CL (SEQ ID 

NO: 7) and 3CL633 (SEQ ID NO: 98), with a human CL sequence SK1 (SEQ ID NO: 60). 20

BRIEF DESCRIPTION OF THE FIGURES 

Figures 1 (A)-(D) illustrate BIACORE® sensorgrams of anti-DENV antibodies 3C and 

3Cam towards DENV-1 E protein (A), DENV-2 E protein (B), DENV-3 E protein (C), and 

DENV-4 E protein (D), as described in Example 2.  

Figure 2 illustrates binding affinities of antibodies with different Fc variants towards 25

human C1q, as described in Example 4.  The binding activities were measured by ELISA.  The 

Fc variants tested are: WT, LALA + KWES, LALA + EFT + AE, LALA + EFT, and LALA. 

Figure 3 illustrates binding affinities of antibodies with different Fc variants towards 

human C1q, as described in Example 4.  The binding activities were measured by ELISA.  The 

Fc variants tested are: WT, LALA, LALA + KWES, LALA + KAES, LALA + KDES, LALA + 30

KEES, and LALA + KMES. 

Figure 4 illustrates binding affinities of antibodies with different Fc variants towards 

human C1q, as described in Example 4.  The binding activities were measured by ELISA.  The
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Fc variants tested are: WT, LALA, LALA + ACT3, LALA + ACT5, LALA + KAES, LALA + 

ACT3 + KAES, and LALA + ACT5 + KAES. 

Figure 5 illustrates binding affinities of antibodies with different Fc variants towards 

mouse C1q, as described in Example 4.  The binding activities were measured by ELISA.  The 

Fc variants tested are: WT, LALA, LALA + ACT3, LALA + ACT5, LALA + KAES, LALA + 5

ACT3 + KAES, and LALA + ACT5 + KAES. 

Figures 6 (a)-(h) illustrate Biacore analysis for Fc variants binding to human Fc Rs, as 

described in Example 5.  Fc variants tested are: WT (described as WT IgG in the figure), 
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Figure 11 illustrates viremia at day 3 after DENV 2 virus infection in AG129 mice, as 

described in Example 6. Anti-DENV antibodies 3Cam2-LALA and 3Cam2-LALA+KAES or 

P1 buffer as a negative control were administered at day 2 after virus infection. 

Figure 12  (A)-(D) illustrate BIACORE
®
 sensorgrams of anti-DENV antibodies 3C and 

3Cam2 towards DENV-1 E protein (A), DENV-2 E protein (B), DENV-3 E protein (C), and 5 

DENV-4 E protein (D), as described in Example 2. 

Figure 13 (A)-(B) illustrates Zika neutralization assay with BHK-21-DC-SIGN cells. 

Zika strain KF993678 was used. Each data point is from one measurement. The approximate 

NT50 for 3Cam2-LALA+KAES+ACT5 is 0.33µg/mL and for 3C-LALA+KAES+ACT5 is 

5.33µg/mL in the first experiment (A). The approximate NT50 for 3Cam2-10 

LALA+KAES+ACT5 is 0.93µg/mL in the second experiment (B). 

Figure 14 (A)-(B) illsutres K562 cell ADE assay for Zika virus. Zika strain KF993678 

was used.  A) Enhancement can be observed for the wildtype version of 3Cam2, but not for its 

Fc-variants 3Cam2-LALA+KAES and 3Cam2-LALA+KAES+ACT5. INFECTED: no 

antibodies added. Means±errors (range) of n=2 are shown. B) The experiment was repeated 15 

with a new batch of  3Cam2-LALA+KAES+ACT5, with wildtype version of 3Cam2 as a 

control. Means±errors (range) of n=2 are shown. 

Figure 15 illustrates in vivo efficacy against Zika infection. Mice were infected i.p. with 

Zika virus and were treated with 100µg 3Cam2-LALA+KAES+ACT5 (3Cam2-SG1106) or 

3C-LALA+KAES+ACT5 (3C-SG1106) i.v. two days after infection.  P1 buffer was used as a 20 

control. Each dot represents one mouse, and meansSD are shown. Kruskal Wallis was used to 

test significance, *: p<0.05, **: p<0.005,  

Figure 16 illustrates survival of Zika-infected IFNAR mice after antibody treatment. 

Mice were infected i.p. with Zika virus and were treated with 100µg 3Cam2-

LALA+KAES+ACT5 or 3C-LALA+KAES+ACT5 i.v. two days after infection.  P1 buffer was 25 

used as a control. Percent survival per group is shown for 40 days after infection. 

Figure 17 illustrates binding activity of 3C, 3C-LALA and 3Cam2-

LALA+KAES+ACT5 monoclonal antibodies to ZIKV. Binding ELISA curves on purified 

ZIKV virions. 

Figure 18 illustates in vitro neutralising activity of 3C, 3C-LALA and 3Cam2-30 

LALA+KAES+ACT5 human antibodies against ZIKV. Shown is the relative infectivity of the 

virus incubated with the antibodies compared to virus only. Two different batches of 3C and 

3C-LALA were used (old and new). 
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Figure 19 (A)-(B) illustrates that antibody treatment prevents ZIKV-induced congenital 

developmental deficiency in IFNαR KO mice. (A) Representative foetuses from mock-

infected mice (a), ZIKV-infected mice administered with isotype antibody (b), ZIKV-infected 

mice treated with 3C-LALA (c), and ZIKV-infceted mice treated with 3Cam2-

LALA+KAES+ACT5 (d). (B) Weight of foetuses in each group (n): whole body weight (a) and 5 

head weight (b). Each dot represents 1 foetus. 

Figure 20 (a)-(d) illustrates that antibody treatment significantly reduces transmission of 

ZIKV from the mother to the foetus. Viral load in the amniotic fluid (a), placenta (b), fetal 

brain (c) and fetal liver (d). Each dot represents 1 foetus, n ≥ 7 in each group. 

 10 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

 The techniques and procedures described or referenced herein are generally well 

understood and commonly employed using conventional methodology by those skilled in the 

art, such as, for example, the widely utilized methodologies described in Sambrook et al., 

Molecular Cloning: A Laboratory Manual 3d edition (2001) Cold Spring Harbor Laboratory 15 

Press, Cold Spring Harbor, N.Y.; Current Protocols in Molecular Biology (F.M. Ausubel, et al., 

eds., (2003)); the series Methods in Enzymology (Academic Press, Inc.): PCR 2: A Practical 

Approach (M.J. MacPherson, B.D. Hames and G.R. Taylor eds. (1995)), Harlow and Lane, eds. 

(1988) Antibodies, A Laboratory Manual, and Animal Cell Culture (R.I. Freshney, ed. (1987)); 

Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Methods in Molecular Biology, Humana 20 

Press; Cell Biology: A Laboratory Notebook (J.E. Cellis, ed., 1998) Academic Press; Animal 

Cell Culture (R.I. Freshney), ed., 1987); Introduction to Cell and Tissue Culture (J. P. Mather 

and P.E. Roberts, 1998) Plenum Press; Cell and Tissue Culture: Laboratory Procedures (A. 

Doyle, J.B. Griffiths, and D.G. Newell, eds., 1993-8) J. Wiley and Sons; Handbook of 

Experimental Immunology (D.M. Weir and C.C. Blackwell, eds.); Gene Transfer Vectors for 25 

Mammalian Cells (J.M. Miller and M.P. Calos, eds., 1987); PCR: The Polymerase Chain 

Reaction, (Mullis et al., eds., 1994); Current Protocols in Immunology (J.E. Coligan et al., eds., 

1991); Short Protocols in Molecular Biology (Wiley and Sons, 1999); Immunobiology (C.A. 

Janeway and P. Travers, 1997); Antibodies (P. Finch, 1997); Antibodies: A Practical Approach 

(D. Catty., ed., IRL Press, 1988-1989); Monoclonal Antibodies: A Practical Approach (P. 30 

Shepherd and C. Dean, eds., Oxford University Press, 2000); Using Antibodies: A Laboratory 

Manual (E. Harlow and D. Lane, Cold Spring Harbor Laboratory Press, 1999); The Antibodies 
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DG_3CH (SEQ ID NO: 1)-SG182 (SEQ ID NO: 46)/3CL (SEQ ID NO: 7)_SK1 (SEQ 

ID NO: 60) 

•3C-LALA: 

DG_3CH (SEQ ID NO: 1)-SG192 (SEQ ID NO: 47)/3CL (SEQ ID NO: 7)_SK1 (SEQ 

ID NO: 60) 5 

•3C-LALA+KAES+ACT5: 

DG_3CH (SEQ ID NO: 1)-SG1106 (SEQ ID NO: 59)/3CL (SEQ ID NO: 7)_SK1 (SEQ 

ID NO: 60) 

 

 10 

Table 5  

Neutralization capacity of antibodies 3Cam2-LALA+KAES+ACT5 and 3C-

LALA+KAES+ACT5 for Zika. 

EC50 (µg/mL)  

3Cam2-

LALA+KAES+ACT5 

 

3C-LALA+KAES+ACT5 

Expt 1 0.33 5.33 

Expt 2  0.93 1.12 

Average 0.63 3.225 
 

 15 

7.2. ADE assay with Zika virus 

To test whether  3Cam2-LALA+KAES+ACT5 does not only abrogate enhancement of 

DENV infection but also enhancement of Zika virus infection compared to the wildtype Fc 

version of the antibody we conducted an ADE assay using K562 cells (Figure 14). The 

methodology is the same as the one used for DENV. Enhancement was observed for the 20 

wildtype Fc version of DG_3CH1047-SG182/3CL_SK1 (or 3Cam2), but not for its Fc-variants 

DG_3CH1047-SG1095/3CL_SK1 (or 3Cam2-LALA+KAES) and 3Cam2-

LALA+KAES+ACT5 (Figure 14A). The experiment was repeated with a new batch of 3Cam2 

Ab, confirming the abrogation of enhancement by Fc-variant antibody. 

Overall, the data demonstrate that the LALA mutation abrogates enhancement of both DENV 25 

and Zika virus infection, and that the additional KAES and ACT5 mutations do not reverse the 

effect of LALA. 

 

7.3. In vitro methods 

7.3.1. Virus 30 
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7.3.3. K562 ADE assay 

6x104 K562 cells/well in RPMI/10%FCS medium were seeded into 96-well round bottom 

tissue culture plates and cultured overnight. Serial dilutions of antibody were prepared in 

separate round-bottom plates and a constant amount of virus was added. The mixture was 5 

incubated for 30min at 370C before adding 50µL to the K562 cells. An MOI of 1 was used. 

The overnight medium was removed before adding the antibody/virus mixtures. After 90min 

incubation at 370C, RPMI, 10% FCS was added for a further 2.5-day incubation. Cells were 

then fixed with Cytofix/Cytoperm solution (Becton Dickinson) before staining with anti-E 

antibody 4G2-Alexa647 and anti-NS1-Alexa488. Samples were analyzed on FACS Verse flow 10 

cytometer with 96-well HTS unit (BD). 

 

EXAMPLE 8:  In vivo testing of the protective capacity of dengue-specific antibodies 3C and 

3Cam2 against Zika virus infection 

 15 

8.1. Efficacy of therapeutic antibody treatment 

Since AG129 mice are highly susceptible to Zika virus and succumb to infection even 

earlier than after DENV infection, we chose the IFNAR model for Zika instead.  

IFNAR mice are deficient for the type I IFN receptor (IFNAR), but express the type II 

or IFN gamma receptor (IFNGR) normally. 20 

A virus dose of 104pfu/mouse was chosen based on previous publications [Cell Host 

Microbe. 2016;19(5):720-30. doi: 10.1016/j.chom.2016.03.010.]. The Zika strain used was 

isolated in Canada from a traveler returning from Thailand. The stain is from the Asian lineage. 

Mice were treated with a dose of 100µg of antibody. 

Mice treated with 3Cam2-LALA+KAES+ACT5 two days after Zika infection had a 25 

significantly lower viremia at day 3 and day 5 after infection compared to control mice which 

were treated with P1 buffer. 3Cam2-LALA+KAES+ACT5 decreased the viremia more 

efficiently than 3C-LALA+KAES+ACT5 (Figure 15). In the survival analysis both antibody-

treated groups survived until at least day 50 (end of experiment), in contrast to P1-treated mice 

who all died by day 15 after infection (Figure 16). 30 

 

8.2. In vivo methods 

8.2.1. Antibody preparation for in vivo treatment 
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Antibody was concentrated at several milligrams/mL in P1 buffer (20 mM His, 150 

mM Arg-Asp, pH6.0) and was diluted in P1 buffer to the required concentration shortly before 

in vivo treatment. 

 

8.2.2. Mice 5 

AG129 mice or IFNAR mice were used for in vivo experiments as indicated. AG129 

mice were purchased from B&K Universal, UK. IFNAR mice (B6.129S2-

Ifnar1tm1Agt/Mmjax) were purchased from The Jackson Laboratory (US).  

 

8.2.3. Therapeutic treatment 10 

Mice were infected intraperitoneally (i.p.) with 104pfu/mouse. 48 hours after infection, mice 

were anaesthesized with Isoflurane for injection of antibody intravenously (i.v.). Ab was 

diluted in P1 buffer and injected retro-orbitally in a volume of 100µL. 

 

EXAMPLE 9:  In vitro potency of 3Cam2-LALA+KAES+ACT5 against Zika virus 15 

 

9.1 Binding 

Binding of DG_3CH-SG182/3CL_SK1(or 3C), DG_3CH-SG192/3CL_SK1 (or 3C-

LALA) and 3Cam2-LALA+KAES+ACT5 human antibodies to Zika virus (ZIKV) was 

measured. 20 

Briefly, mAbs were diluted and subsequently incubated for 1 hour at 37°C on purified 

ZIKV-coated ELISA plates. An HRP-conjugated secondary anti-human IgG antibody was used 

to detect the binding of 3C, 3C-LALA and 3Cam2-LALA+KAES+ACT5 to ZIKV virions. 

Revelation was done using TMB substrate. After stopping the reaction, absorbance was 

measured, readings were done in duplicates. 25 

3Cam2-LALA+KAES+ACT5 binds to ZIKV similarly as 3C and 3C-LALA antibodies 

(Fig.17). 

 

9.2 Neutralisation 

The ability of the antibody to inhibit ZIKV to infect cells also was assayed. ZIKV was 30 

mixed at MOI 10 with diluted human mAb and incubated for 2 hours at 37°C with gentle 

agitation. Virus/mAb mixtures were then added to HEK 293T cells seeded in 96-well plates. 

After 2 days of culture at 37°C, infection of cells was measured by detection of ZIKV-specific 
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antigen using flow cytometry. All readings were made in triplicates, neutralisation capacity was 

calculated against cells infected with ZIKV in the absence of antibodies. 

All antibodies, 3Cam2-LALA+KAES+ACT5, 3C and 3C-LALA, exhibit similar abilities to 

neutralise infection of HEK cells by ZIKV (Fig.18). 

 5 

EXAMPLE 10:  In vivo potency of 3Cam2-LALA+KAES+ACT5 against Zika virus: 

mother to foetus transmission 

The antibodies were then tested in vivo to study their ability to inhibit the transmission 

of the virus from the mother to the offspring. 

Pregnant IFNαR knock-out mice were inoculated with ZIKV 10.5 days after mating. 10 

Antibodies were administered on days -1, 0, and 3 post-infection. On day 16.5 after mating, 

pregnant mice were culled and foetuses harvested. Foetus weight, both whole body and head, 

was recorded; viral load was measured in amniotic fluid, placenta, fetal brain and liver. 

Foetuses from treated mothers exhibit a significantly higher weight compared to 

untreated mice’s foetuses, suggesting a protection from congenital developmental deficiency as 15 

observed in untreated ZIKV-infected animals (Fig.19). Antibodies significantly inhibit the 

transmission of the virus from the pregnant mother to the foetus (Fig.20). 
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WHAT IS CLAIMED IS: 

1. Use of an antibody in the manufacture of a medicament for treating or 

preventing Zika virus infection, wherein the antibody comprises a VH sequence of SEQ ID 

NO: 6 and a VL sequence of SEQ ID NO: 7, wherein the antibody further comprises the amino 

acid sequence of SEQ ID NO: 59. 5 

 

2.       The use of claim 1, wherein the antibody comprises a VH sequence as shown in 

SEQ ID NO: 6, with a human IgG1 CH sequence as shown in SEQ ID NO: 59 and a VL 

sequence as shown in SEQ ID NO: 7 with a human CL sequence as shown in SEQ ID NO: 60. 

 10 

 

 


