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(57) ABSTRACT 

Antibodies that bind with high affinity to Swine H1N1 virus 
are described. In vivo experiments showed that one such 
antibody is able to fully protect mice challenged with a lethal 
dose of swine H1N1 virus. The antibody is also able to cure 
mice in a therapeutic setting when treated as late as up to 60 
hours (2.5 days) after infection with Swine H1N1 virus. Also 
described are recombinant forms of this antibody. 
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Figure 2 

Crossreactivity of Swine H1N1-induced mAbs to various influenza antigens 

Swine H1N1 
(A/CA/04/2009) 

Annual Cocktail 

2006/7 Vaccine? 

2008/9 Vaccine 

A New Call 20/99 
(H1N1) 

A/Sol. S.f3/2006 
(H1N1) 

B/Malaysia/2506/04 

HAACAF04/2009 
(Swine H1N1) 

rHAAFBrisb.159f2OO7 
(H1N1) 

rHAAFBrisb.11 Of 2007 
(H3N2) 

rHA Alco. 105/2005 
(H5N1) 

(Analysis of ELISA area under the curves) 

i : s i : : s i i : 

  



Patent Application Publication 

Figure 3 

Vaccines/Mix 

(Kd = 6.1x1OE-11) 

-- A/CA/04/2009 (SOIV-H1N1) 
wrie Annual Cocktail 
-r- 2006/7 Vaccine? 
-- 2008/9 Waccine 

Nov. 8, 2012 Sheet 3 of 6 

Purified Wirus 

-- AFCA04/2009 (SOIV-H1N1) 
-- A/New Cal/20/99 (H1N1) 
-- A/Sol. Is../3/2006 (H1N1) 
-- AWI/57/05 (H3N2) 
-- BiMal. 2506104 

C. 
Swine H1N1 rhA pulldown 

EM4C04 

HA protein-> 

irrelevant mAb 

US 2012/0282273 A1 

Recombinant HA (rHA) 

3 (Ka = 9.5x1OE-11) 

S. S. s s s 
s' s is is 

-- rhA A/CA/04/2009 (SOIV-H1N1) 
-- rhA A/Bris.159/2007 (H1N1) 
-- rhA A/Bris./10/2007 (H3N2) 
-- rhA A/Indo./05/2005 (H5N1) 

Swine H1N1 HAI activity 
  

  



Patent Application Publication Nov. 8, 2012 Sheet 4 of 6 US 2012/0282273 A1 

Figure 4 
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Figure 5 
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RECOMBINANT ANTIBODIES AGAINST 
H1N1 INFLUENZA 

BACKGROUND 

0001. The Swine H1N1 influenza virus is currently caus 
ing a world-wide pandemic associated with Substantial mor 
bidity and mortalityl". This newly emergent strain is immu 
nologically distinct from other influenza viruses including 
recent H1N1 strains' thus leaving a large population of the 
world highly susceptible to infection by this pandemic virus". 
Although there is some B cell cross-reactivity with the sea 
sonal influenza viruses the protective epitopes of the swine 
H1N1 virus appear to be quite distinct. 

SUMMARY 

0002. Described herein are recombinant antibodies (e.g., 
human monoclonal antibodies) against the swine H1N1 influ 
enza virus. 

0003. Described herein are antibodies derived from plas 
mablasts isolated from patients during (or shortly after) infec 
tion with the novel influenza virus. Among the antibodies 
described herein is an antibody that binds with particularly 
high affinity, is highly specific to swine H1N1 virus, and is 
able to mediate hemagglutination-inhibition at low concen 
trations. In vivo experiments showed that this antibody is able 
to fully protect mice challenged with a lethal dose of swine 
H1N1 virus. The antibody is also able to cure mice in a 
therapeutic setting when treated as late as up to 60 hours (2.5 
days) after infection with swine H1N1 virus. Such antibodies 
have great potential as a human therapeutic or prophylactic 
agent against the novel Swine H1N1 influenza. 
0004. In one aspect, the recombinant antibodies described 
herein include all or part of the amino acid sequence of SEQ 
ID NO: 1 (light chain) and/or all or part of the amino acid 
sequence of SEQ ID NO:2 (heavy chain). Within the light 
chain, the variable domain includes all or part of the sequence 
of SEQID NO:9 and can include one or more of CDR1-light 
(SEQID NO:3), CDR2-light (SEQID NO:4) and CDR3-light 
(SEQID NO:5). Within the heavy chain, the variable domain 
includes all or part of the sequence of SEQID NO:10 and can 
include one or more of CDR1-heavy (SEQID NO:6), CDR2 
heavy (SEQID NO:7) and CDR3-heavy (SEQID NO:8). 
0005. Described herein is an isolated antibody or an anti 
gen-binding fragment thereofthat specifically binds the anti 
gen bound by an H1N1 antibody having a light chain consist 
ing of the amino acid sequence of SEQID NO:1 and a heavy 
chain consisting of the amino acid sequence of SEQID NO:2. 
In various embodiments: the antibody or antigen-binding 
fragment thereof binds H1N1 (e.g., A/CA/04/2009 H1N1) 
with a Kd of equal to or less than 10, 10' or 6x10''); the 
antibody or antigen-binding fragment thereof binds recom 
binat HA from H1N1 (e.g., A/CA/04/2009 H1N1) with a Kd 
equal to or less than 10, 10' or 9x10''); the antibody 
comprises a light chain variable region comprising the amino 
acids sequences of SEQ ID NOs: 3, 4, and 5; the antibody 
comprises a heavy chain variable region comprising the 
amino acids sequences of SEQ ID NOS: 6, 7, and 8; the 
antibody is a human antibody; the antibody is an IgG anti 
body; the antibody is an IgG1 antibody; the antibody is an 
IgG1, kappa antibody; the antibody is an IgG1, lambda anti 
body; the antibody is selected from an IgM, IgA, Ig) and IgE 
antibody; the antigen-binding fragment is selected from a 
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Fab, a F(ab')2 fragment, a Fd fragment, an Fv fragment, and 
a dAb fragment; the antibody is a schv. 
0006. Also described is an isolated antibody or antigen 
binding fragment thereof wherein the antibody comprises: (a) 
polypeptide comprising the amino acid sequences of one or 
more of SEQID NOs: 3, 4, and 5; and (b) polypeptide com 
prising the amino acid sequences of one or more of SEQID 
NOs: 6, 7, and 8. In various embodiments: the isolated anti 
body or antigen-binding fragment thereof comprises: (a) 
polypeptide comprising the amino acid sequences of two or 
more of SEQID NOs: 3, 4, and 5; and (b) polypeptide com 
prising the amino acid sequences of two or more of SEQID 
NOs: 6, 7, and 8; the isolated antibody or antigen-binding 
fragment thereof comprises: (a) polypeptide comprising the 
amino acid sequences of SEQ ID NOs: 3, 4, and 5; and (b) 
polypeptide comprising the amino acid sequences of SEQID 
NOs: 6, 7, and 8; the isolated antibody or antigen-binding 
fragment thereof comprises a first polypeptide comprising, in 
the amino terminal to carboxy terminal direction amino acid 
sequences of two or more of SEQ ID NOs: 3, 4, and 5, 
wherein there are 10-20 amino acids between SEQID NOs: 3 
and 4 and between SEQ ID NOs: 4 and 5; and a second 
polypeptide comprising, in the amino terminal to carboxy 
terminal direction amino acid sequences of two or more of 
SEQID NOS: 6,7, and 8, wherein there are 10-20 amino acids 
between SEQID NOs: 6 and 7 and between SEQID NOs: 7 
and 8: the antibody orantigen-binding fragment thereof binds 
H1N1 (e.g., A/CA/04/2009 H1N1) with a Kd of equal to or 
less than 10, 10' or 6x10''); the antibody or antigen 
binding fragment thereof binds recombinat HA from H1N1 
(e.g., A/CA/04/2009 H1N1) with a Kd equal to or less than 
10, 10' or 9x10''); the antibody comprises a light chain 
variable region comprising the amino acids sequences of SEQ 
ID NOs: 3, 4, and 5; the antibody comprises a heavy chain 
variable region comprising the amino acids sequences of SEQ 
ID NOS: 6, 7, and 8; the antibody is a human antibody; the 
antibody is an IgG antibody; the antibody is an IgG1 anti 
body; the antibody is an IgG1, kappa antibody; the antibody 
is an IgG1, lambda antibody; the antibody is selected from an 
IgM, IgA, Ig|D and IgE antibody; the antigen-binding frag 
ment is selected from a Fab, a F(ab')2 fragment, a Fd frag 
ment, an Fv fragment, and a dAb fragment; the antibody is a 
scFV. 

0007 Also described is an isolated antibody or antigen 
binding fragment thereof comprising a light chain variable 
region comprising SEQID NOs: 3, 4, and 5 and a heavy chain 
variable region comprising SEQ ID NOS: 6, 7, and 8. In 
various embodiments: In various embodiments: the antibody 
orantigen-binding fragment thereof binds H1N1 (e.g., A/CA/ 
04/2009 H1N1) with a Kd of equal to or less than 10, 10' 
or 6x10'); the antibody or antigen-binding fragment 
thereof binds recombinat HA from H1N1 (e.g., A/CA/04/ 
2009 H1N1) with a Kd equal to or less than 10, 10' or 
9x10''); the antibody comprises a light chain variable 
region comprising the amino acids sequences of SEQ ID 
NOs: 3, 4, and 5; the antibody comprises a heavy chain 
variable region comprising the amino acids sequences of SEQ 
ID NOS: 6, 7, and 8; the antibody is a human antibody; the 
antibody is an IgG antibody; the antibody is an IgG1 anti 
body; the antibody is an IgG1, kappa antibody; the antibody 
is an IgG1, lambda antibody; the antibody is selected from an 
IgM, IgA, Ig|D and IgE antibody; the antigen-binding frag 
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ment is selected from a Fab, a F(ab')2 fragment, a Fd frag 
ment, an Fv fragment, and a dAb fragment; the antibody is a 
scFV. 
0008 Also described is a composition comprising an anti 
body or antigen binding fragment thereof described herein 
and a pharmaceutically acceptable carrier. 
0009. Also described is a method for treating or reducing 
one or more symptoms of infection with H1N1 in a human 
Subject, the method comprising administering an antibody or 
antigen binding fragment thereof described herein. 
0010 Also described is a method of reducing the risk of 
becoming infected with H1N1, the method comprising 
administering an antibody described herein. 
0011 Naturally-occurring antibodies are immunoglobu 

lin molecules comprised of four polypeptide chains, two 
heavy (H) chains and two light (L) chains inter-connected by 
disulfide bonds. Each heavy chain is comprised of a heavy 
chain variable region (VH) and a heavy chain constant region. 
The heavy chain constant region is comprised of three 
domains, CH1, CH2 and CH3. Each light chain is comprised 
of a light chain variable region (VL) and a light chain constant 
region. The light chain constant region is comprised of one 
domain, CL. The VH and VL regions can be further subdi 
vided into regions of hyperVariability, called complementar 
ity determining regions (CDR), interspersed with regions that 
are more conserved, called framework regions (FR). Each VH 
and VL is composed of three CDRs and four FRs, arranged 
from amino-terminus to carboxy-terminus in the following 
order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. 
0012 CDRs and FRS may be defined according to Kabat 
(Sequences of Proteins of Immunological Interest (National 
Institutes of Health, Bethesda, Md., 1987 and 1991)). Amino 
acid numbering of antibodies orantigenbinding fragments is 
also according to that of Kabat. 
0013 Each CDR can included amino acid residues from a 
complementarity determining region as defined by Kabat (i.e. 
about residues 24-34 (CDR-L1), 50-56 (CDR-L2) and 89-97 
(CDR-L3) in the light chain variable domain (SEQID NO:1) 
and 31-35 (CDR-H1), 50-65 (CDR-H2) and 95-102 (CDR 
H3) in the heavy chain variable domain (SEQ ID NO:2): 
Kabat et al., Sequences of Proteins of Immunological Inter 
est, 5th Ed. Public Health Service, National Institutes of 
Health, Bethesda, Md. (1991)) and/or those residues from a 
hypervariable loop (i.e. about residues 26-32 (CDR-L1), 
50-52 (CDR-L2) and 91-96 (CDR-L3) in the light chain 
variable domain (SEQID NO:1) and 26-32 (CDR-H1), 53-55 
(CDR-H2) and 96-101 (CDR-H3) in the heavy chain variable 
domain (SEQ ID NO:2); Chothia and Lesk J. Mol. Biol. 
196:901-917 (1987)). In some instances, a complementarity 
determining region can includeamino acids from both a CDR 
region defined according to Kabat and a hyperVariable loop. 
0014 Framework regions are those variable domain resi 
dues other than the CDR residues. Each variable domain 
typically has four FRS identified as FR1, FR2, FR3 and FR4. 
If the CDRs are defined according to Kabat, the light chain FR 
residues are positioned at about residues 1-23 (LCFR1), 
35-49 (LCFR2), 57-88 (LCFR3), and 98-107 (LCFR4) of 
SEQ ID NO:1) and the heavy chain FR residues are posi 
tioned about at residues 1-30 (HCFR1), 36-49 (HCFR2), 
66-94 (HCFR3), and 103-113 (HCFR4) of SEQID NO:2. If 
the CDRs comprise amino acid residues from hypervariable 
loops, the light chain FR residues are positioned about at 
residues 1-25 (LCFR1), 33-49 (LCFR2), 53-90 (LCFR3), 
and 97-107 (LCFR4) in the light chain (SEQID NO:1) and 
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the heavy chain FR residues are positioned about at residues 
1-25 (HCFR1), 33-52 (HCFR2), 56-95 (HCFR3), and 102 
113 (HCFR4) in the heavy chain (SEQ ID NO:2). In some 
instances, when the CDR comprises amino acids from both a 
CDR as defined by Kabat and those of a hypervariable loop, 
the FR residues will be adjusted accordingly. 
0015. An Fv fragment is an antibody fragment which con 
tains a complete antigen recognition and binding site. This 
region consists of a dimer of one heavy and one light chain 
variable domain in tight association, which can be covalent in 
nature, for example in ScFv. It is in this configuration that the 
three CDRs of each variable domain interact to define an 
antigen binding site on the surface of the VH-VL dimer. 
Collectively, the six CDRs or a subset thereof confer antigen 
binding specificity to the antibody. However, even a single 
variable domain (or half of an Fv comprising only three CDRs 
specific for an antigen) has the ability to recognize and bind 
antigen, although usually at a lower affinity than the entire 
binding site. 
0016. The Fab fragment contains a variable and constant 
domain of the light chain and a variable domain and the first 
constant domain (CH1) of the heavy chain. F(ab')2 antibody 
fragments comprise a pair of Fab fragments which are gen 
erally covalently linked near their carboxy termini by hinge 
cysteines between them. Other chemical couplings of anti 
body fragments are also known in the art. 
0017. Single-chain Fv or (sclv) antibody fragments com 
prise the VH and VL domains of antibody, wherein these 
domains are present in a single polypeptide chain. Generally 
the Fv polypeptide further comprises a polypeptide linker 
between the VH and VL domains, which enables the scEv to 
form the desired structure for antigen binding. 
0018 Diabodies are small antibody fragments with two 
antigen-binding sites, which fragments comprise a heavy 
chain variable domain (VH) connected to a light chain vari 
able domain (VL) in the same polypeptide chain (VH and 
VL). By using a linker that is too short to allow pairing 
between the two domains on the same chain, the domains are 
forced to pair with the complementary domains of another 
chain and create two antigen-binding sites.). 
00.19 Linear antibodies comprise a pair of tandem Fd 
segments (VH-CH1-VH-CH1) which, together with comple 
mentary light chain polypeptides, form a pair of antigenbind 
ing regions. Linear antibodies can be bispecific or monospe 
cific. 
0020. The antibodies herein specifically include chimeric 
antibodies (immunoglobulins) in which a portion of the heavy 
and/or light chain is identical with or homologous to corre 
sponding sequences in antibodies derived from a particular 
species or belonging to aparticular antibody class or Subclass, 
while the remainder of the chain(s) is identical with or 
homologous to corresponding sequences in antibodies 
derived from another species or belonging to another anti 
body class or Subclass, as well as fragments of such antibod 
ies, so long as they exhibit the desired biological activity. 
0021. An antigen binding portion of an antibody specifi 
cally binds to an antigen (e.g., H1N1). It has been shown that 
the antigen-binding function of an antibody can be performed 
by portions of a full-length antibody, all of which are encom 
passed by the general term antibody, including: (i) a Fab 
fragment, a monovalent fragment consisting of the VL, VH. 
CL and CH1 domains; (ii) a F(ab')2 fragment, a bivalent 
fragment comprising two Fab fragments linked by a disulfide 
bridge at the hinge region; (iii) a Fd fragment consisting of the 
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VH and CH1 domains; (iv) a Fv fragment consisting of the 
VL and VH domains of a single arm of an antibody, (v) a dAb 
fragment (Ward et al. (1989) Nature 341:544546), which 
consists of a VH domain; and (vi) an isolated complementa 
rity determining region (CDR). Furthermore, although the 
two domains of the Fv fragment, VL and VH, are coded for by 
separate genes, they can be joined, using recombinant meth 
ods, by a synthetic linker that enables them to be made as a 
single protein chain in which the VL and VH regions pair to 
form monovalent molecules (known as single chain FV 
(scFV); see e.g., Bird et al. (1988) Science 242:423 426; and 
Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879 
5883). Single chain Fv and other forms of single chain anti 
bodies, such as diabodies are also encompassed by the gen 
eral termantibody. Diabodies are bivalent, bispecific antibod 
ies in which VH and VL domains are expressed on a single 
polypeptide chain, but using a linker that is too short to allow 
for pairing between the two domains on the same chain, 
thereby forcing the domains to pair with complementary 
domains of another chain and creating two antigen binding 
sites (see e.g., Holliger et al. (1993) Proc. Natl. Acad. Sci. 
USA 90:6444; Poljak et al. (1994) Structure 2:1121). 
0022. An antibody or antigen-binding portion thereof may 
be part of a larger immunoadhesion molecules, formed by 
covalent or noncovalent association of the antibody or anti 
body portion with one or more other proteins or peptides. 
Examples of such immunoadhesion molecules include use of 
the streptavidin core region to make a tetrameric schv mol 
ecule (Kipriyanov et al. (1995) Human Antibodies and Hybri 
domas 6:93) and use of a cysteine residue, a marker peptide 
and a C-terminal polyhistidine tag to make bivalent and bioti 
nylated scFv molecules (Kipriyanov et al. (1994) Mol. Immu 
mol. 31:1047). Antibody portions, such as Fab and F(ab') 
fragments, can be prepared from whole antibodies using con 
ventional techniques, such as papain or pepsin digestion, 
respectively, of whole antibodies. Moreover, antibodies, anti 
body portions and immunoadhesion molecules can be 
obtained using standard recombinant DNA techniques. 
0023 Human antibodies include antibodies having vari 
able and constant regions derived from (or having the same 
amino acid sequence as those derived from) human germline 
immunoglobulin sequences. Human antibodies may include 
amino acid residues not encoded by human germline immu 
noglobulin sequences (e.g., mutations introduced by random 
or site-specific mutagenesis in vitro or by Somatic mutation in 
vivo), for example in the CDRs and in particular CDR3. 
0024. Recombinant antibodies are prepared, expressed, 
created or isolated by recombinant means, such as antibodies 
expressed using a recombinant expression vector transfected 
into a host cell, antibodies isolated from a recombinant, com 
binatorial human antibody library, antibodies isolated from 
an animal (e.g., a mouse) that is transgenic for human immu 
noglobulin genes (Taylor et al. (1992) Nucl. Acids Res. 
20:6287) or antibodies prepared, expressed, created or iso 
lated by any other means that involves splicing of human 
immunoglobulin gene sequences or variants thereof to other 
DNA sequences. Such recombinant human antibodies have 
variable and constant regions derived from human germline 
immunoglobulin sequences or variants thereof. In certain 
embodiments, however, such recombinant human antibodies 
are subjected to in vitro mutagenesis (or, when an animal 
transgenic for human Ig sequences is used, in Vivo Somatic 
mutagenesis) and thus the amino acid sequences of the VH 
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and VL regions of the recombinant antibodies are sequences 
that may not naturally exist within the human antibody ger 
mline repertoire in vivo. 

DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1. Generation of human monoclonal antibod 
ies against Swine H1N1 influenza virus from plasmablasts of 
infected patients. (a) Antibody-secreting B cells in the PBMC 
of swine influenza virus infected patients were isolated by 
flow cytometry Sorting based on their cell Surface phenotype 
(CD19", CD20, CD3, CD388 and CD278). RT-PCR 
was used to isolate the variable genes from Sorted single 
plasmablasts, which were then cloned into expression vectors 
and expressed in 293 cells as we have previously described' 
12. (b) Forty-seven percent (2%3) of the monoclonal antibod 
ies generated bound to purified swine H1N1 (A/CA/04/2009) 
virus as determined by ELISA. (c) Five of 53 antibodies 
bound to recombinant swine H1N1 hemagglutinin (rHA), but 
only one of these mAbs (EM4C04) could inhibit hemagglu 
tination (HAI+) of erythrocytes by the Swine H1N1 influenza 
strain (d). 
0026 FIG. 2. A majority of the antibodies induced by 
swine H1N1 infection are crossreactive to seasonal influenza 
strains. Antibodies generated during active infection with the 
swine H1N1 strain (top line) were screened by ELISA for 
reactivity to various influenza antigens (indicated within the 
figure). Bars indicate the area under the curve, thus providing 
insight into both the maximal binding (Brmax) and persistence 
of binding with decreasing dilutions (affinity or Kd). Note 
that only a few antibodies were specific just to the Swine 
H1N1 strain alone and that a number of antibodies bound to 
annual influenza vaccine strains either solely or with higher 
affinity (indicated with asterisks). In total 47% (25/32) bound 
swine H1N1 and 58% (39/52) bound influenza antigens at 
levels detectable by ELISA assay'. The mab EM4C04 
(bold) had the highest and most specific affinity against Swine 
H1N1. Cocktail: A/Sal. Is../3/2006 (H1N1), A/WI/57/05 
(H3N2), and B/Mal/2506/04, 2006/7 Vaccine: A/New Cal/ 
20/90 (H1N1), A/WI/57/05 (H3N2), and B/Mal/2506/04, 
2008/9 Vaccine: A/Brisb./59/2007 (H1N1), A/Brisb./10/2007 
(H3N2),and B/FL/4/2006. 
(0027 FIG.3. The monoclonal antibody EM4C04 is highly 
specific for the swine H1N1 influenza hemagglutinin and 
displays HAI activity only to the swine H1N1 virus. (a) 
ELISA binding curves of the mab EM4C04, comparing 
binding to whole virus with reactivity to viral mixtures or the 
annual vaccines as indicated, to purified virions or to recom 
binant hemagglutinin (rHA) from Swine H1N1 versus other 
influenza strains. Calculated Kd values are shown in paren 
thesis above the graphs. Cocktail: A/Sal. Is../3/2006 (H1N1), 
A/WI/57/05 (H3N2), and B/Mal/2506/04, 2006/7 Vaccine: 
A/New Cal/20/90 (H1N1), A/WI/57/05 (H3N2), and B/Mal/ 
2506/04, 2008/9 Vaccine: A/Brisb./59/2007 (H1N1), 
A/Brisb./10/2007 (H3N2),and B/FL/4/2006. (b). EM4C04 is 
able to immuno-precipitate recombinant from swine H1N1 
HA protein. (c) EM4C04 displays HAI activity toward Swine 
H1N1 but not to several other H1N1 strains tested as indi 
cated. 
(0028 FIG. 4. EM4C04 has therapeutic efficacy in mice 
challenged with a lethal dose of mouse-adapted 2009 Swine 
H1N1 influenza. 6-8 week old Balbic mice were infected with 
a 3xLD50 dose of highly pathogenic, mouse-adapted 2009 
swine H1N1 influenza (A/California/04/09). Subsequently, 
they were treated with 200 mg (10 mg/kg of body weight) 
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EM4C04 human monoclonal antibody intraperitoneally at 
various time points (12, 24, 36, 48 and 60 hours) after infec 
tion. All mice were monitored daily for body weight changes 
and any signs of morbidity and mortality. Infected, untreated 
mice showed clear signs of sickness around day 4-5 post 
infection and perished by day 8-9. Upper panels show body 
weight change and the lower panels show Survival curves. 
0029 FIG. 5. Plasmablasts expressing antibodies that 
cross-react to annual influenza Strains have accumulated 
more somatic hypermutations. The higher frequency of muta 
tions in the more crossreactive antibodies indicate that they 
were derived from a recall response of memory B cells, origi 
nally induced by annual influenza viruses. It is also notable 
that a number of IgG-- plasmablasts that had no detectable 
binding to influenza by ELISA were from cells that had no 
mutations of the variable genes. The origin and specificity of 
these cells is unknown but they may be cells activated during 
a primary response against Swine H1N1 epitopes that had 
affinities below the threshold of detection. The frequency of 
point mutations was determined from the variable gene 
sequences of the VH and VK sequences that were generated 
for the cloning and expression of the antibodies. Points rep 
resent the sum of heavy and light chain mutations. Statistical 
significance was determined by students t test. 
0030 FIG. 6. Prophylactic treatment with EM4C04 can 
protect mice from a lethal challenge with mouse-adapted 
swine H1N1 influenza. 6-8 week old Balbic mice were treated 
with 200 ug (10 mg/kg of body weight) EM4C04 human 
monoclonal antibody intraperitoneally 12 hours prior to 
infection with a 3xLD50 dose of highly pathogenic mouse 
adapted swine H1N1 influenza. All mice were monitored 
daily for body weight changes and any signs of morbidity and 
mortality. Upper panels show body weight change and the 
lower panels show survival curves. 

DETAILED DESCRIPTION 

0031. The studies described below analyzed the B cell 
responses in patients infected with swine H1N1 virus. As part 
of these studies we generated a panel of virus specific human 
monoclonal antibodies. These antibodies were isolated from 
plasmablasts that were activated by infection providing a 
means to directly evaluate the breadth and repertoire of the 
antibody response elicited by swine H1N1 virus. Interest 
ingly, a majority of these antibodies also reacted with sea 
sonal influenza viruses. In fact, several of the antibodies 
bound with higher affinity to past influenza strains than to the 
current swine H1N1 virus. These findings suggest that the 
swine H1N1 virus predominantly activated memory B cells 
previously generated against cross-reactive but non-protec 
tive epitopes present in annual influenza Strains. Of the influ 
enza specific antibodies generated five bound to recombinant 
hemagglutinin (HA) protein and of these only one antibody 
showed hemagglutination-inhibition (HAI) activity against 
the swine H1N1 influenza virus. In contrast to most of the 
other antibodies generated, this neutralizing antibody was 
highly specific for the Swine H1N1 virus and did not cross 
react with the other H1N1 influenza viruses, confirming that 
the critical HA active-site epitopes in this new virus are quite 
unique. In vivo experiments showed that this antibody was 
able to protect mice challenged with a lethal dose of mouse 
adapted swine H1N1 influenza virus. Moreover, it was effec 
tive therapeutically even when administered 60 hours after 
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infection and could thus potentially be developed as a thera 
peutic agent against the Swine H1N1 influenza virus pan 
demic. 

0032. The novel 2009 pandemic swine H1N1 influenza 
virus is characterized by a unique genetic make-up' that 
results in little or no pre-existing serum antibody mediated 
protection against infection'. It is currently unclear what 
effect this has on the repertoire of responding B cells in 
infected patients and whether infection with this novel virus 
leads to activation of cross-reactive memory B cells or if the 
response is dominated by newly induced naive B cells. To 
analyze the repertoire of the responding B cells after infection 
and to generate monoclonal antibodies (mAbs) against the 
swine H1N1 influenza strain, we examined the B cell 
responses in five patients infected with Swine H1N1 virus. 
The clinical details about these patients are given in the 
Supplemental methods section. Blood samples were taken 1-2 
weeks after onset of clinical symptoms and were used to 
isolate infection-induced plasmablasts (CD19, CD20, 
CD3, CD38's and CD27's cells) by flow cytometry based 
cell sorting (FIG. 1a shows a representative donor). Using an 
adapted single cell multiplex RT-PCR approach'''''' we 
then identified the heavy and light chain immunoglobulin 
genes from each individual plasmablast from two of the five 
patients. These heavy and light chain fragment pairs were 
then used to express fully human monoclonal antibodies. In 
total, 25 out of the 53 (47%) antibodies generated in this 
fashion bound to purified whole Swine H1N1 influenza 
(A/CA/04/2009) virus by ELISA (FIG. 1b). It is notable that 
the majority of antibodies induced by infection were low 
affinity; only five of the 53 isolated antibodies, had affinities 
>'' by non-linear regression analysis of ELISA data. Fur 
ther, as indicated in FIG.1c, five of the 53 antibodies bound to 
recombinant hemagglutinin (rHA) from Swine H1N1 influ 
enza by ELISA, but only one of these mabs (EM4C04) 
displayed HAI activity (FIG. 1d). We conclude from this 
analysis that a large proportion of virus specific plasmablasts 
in these patients were not producing neutralizing antibodies, 
and that the majority of the B cell response was in fact 
directed at non-HA proteins. 
0033. In order to determine how specific the antibody 
response was to the Swine H1N1 virus strain, the 53 mono 
clonal antibodies were screened by ELISA for reactivity to 
various influenza antigens (FIG. 2). The bars in FIG. 2 indi 
cate the area under the curve of ELISA binding data (FIG. 
1a), thus providing an overview of both the maximal binding 
(B) and the persistence of binding with decreasing dilu 
tions (affinity or K), allowing a relative comparison of each 
antibody to all antigens by column. It is notable that most of 
the antibodies were indeed cross-reactive with past strains of 
influenza virus, Suggesting that they arose through the acti 
vation of cross-reactive memory B cells. In total, 47% (25/s2) 
of the antibodies bound to swine H1N1 and 58% (3%2) bound 
to antigens from any of the influenza Strains tested. In fact, 
23% of the antibodies bound to past annual influenza strains 
with higher affinity than to the Swine H1N1 strain (FIG. 2, 
asterisks). The plasmablasts expressing antibodies that were 
cross-reactive to past annual influenza strains had also accu 
mulated significantly more mutations in the variable genes on 
average than the swine H1N1-specific B cells (FIG. 5). These 
findings suggest that the Swine H1N1 strain predominantly 
activated memory B cells previously generated against cross 
reactive but non-protective epitopes present in annual influ 
enza virus strains. 
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0034. It is worth noting that the sole HAI'm Ab, EM4C04 
(FIG. 2) was also the most specific against Swine H1N1, 
demonstrating that the critical HA active-site epitopes are 
quite unique, as predicted by analyses of the HA amino acid 
sequences by several other groups''''. The high specificity 
of EM4C04 demonstrates that this antibody could be valuable 
for diagnostic purposes for the pandemic swine H1N1 influ 
enza virus (FIG.3a). This antibody was also able to immuno 
precipitate recombinant HA protein derived from swine 
H1N1 (FIG. 3b). In addition, while EM4C04 efficiently 
inhibited the agglutination of red blood cells by swine H1N1 
virus, it had no HAI activity against several other influenza 
strains (FIG.3c). The high affinity (6.1x'' to purified virus 
and 9x''' to rhA) for the HA active site suggested that this 
antibody could be used for passive immunization to treat 
swine H1N1 influenza infection. We therefore tested the pro 
phylactic and therapeutic potential of EM4C04 in mice 
infected with a lethal dosage of highly pathogenic, mouse 
adapted Swine H1N1 strain. 
0035. As indicated in FIG. 4 (and FIG. 6), the EM4C04 
antibody is highly effective at either providing prophylactic 
protection against infection or to treat and facilitate clearance 
of a lethal dose of mouse-adapted Swine H1N1 from 6-8 week 
old Balb/c mice. For the prophylactic experiments mice were 
pretreated with 200 ug EM4C04 human monoclonal antibody 
intraperitoneally and then challenged 12 hours later with a 
3xLD50 dose of mouse-adapted novel H1N1 influenza (FIG. 
6). To determine the therapeutic potential of EM4C04, mice 
were first challenged and then treated with antibody at various 
times after infection (FIG. 4). While untreated mice died 8-9 
days after the infection, mice treated even as late as 60 hours 
after challenge survived. Infected mice treated at later time 
points were already showing measurable weight loss that was 
reversed by administration of the antibody, demonstrating 
therapeutic potential even after the onset of symptoms. Over 
all, 30 of 31 infected mice that were treated with EM4C04, 
irrespective of when they were treated, made a complete 
recovery from infection. It is likely that the therapeutic effects 
of EM4C04 treatment involve both direct viral neutralization 
as well as facilitation of endogenous cell-mediated immu 
nity'. It is possible that the antibody treatment may reduce 
viral titers and thus allow the endogenous immune responses 
to catch up and Subsequently clear the infection. 
0036. The studies show that the antibody responses 
induced in patients infected with the novel swine H1N1 influ 
enza appear to be dominated by a recall response of non 
protective memory B cells that are cross-reactive to annual 
influenza strains. Of the 25 virus-specific monoclonal anti 
bodies generated herein only one displayed HAI activity 
against the Swine H1N1 virus. This low frequency of cells 
producing protective antibodies after infection differs signifi 
cantly as compared to previous work on seasonal influenza 
vaccines', where 40% of the virus specificantibodies bound 
with high affinity to HA and half of those antibodies had HAI 
activity against the influenza vaccine viral strains. As the 
novel swine H1N1 vaccine is now becoming widely avail 
able', it will be of interest to compare the vaccine induced 
antibody responses to the responses induced by infection as 
described herein. Finally, the in vivo protection experiments 
presented here demonstrate that the human monoclonal anti 
body EM4C04 has impressive prophylactic and therapeutic 
activity in mice and shows potential for development as a 
therapeutic agent against the pandemic Swine H1N1 influ 
enza virus in humans. 

METHODS 

0037 Patients were recruited with IRB approval and had 
ongoing or recent verified Swine H1N1 infections. HAI titers, 
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inhibiting antibody concentrations, and viral neutralization 
were determined by standard procedures as previously 
described''. The ASCs were identified herein as CD3/ 
CD20//CD19"/CD27/CD38' cells as previously 
described''. The single cell RT-PCR methods and the pro 
cedures for production of recombinant mabs were as previ 
ously describee''. Monoclonal antibodies were screened 
against fresh influenza virions grown in chicken eggs. ELISA 
was performed on starting concentrations of 10 ug/ml of virus 
or rhA and on 1:20 dilution of the vaccines and antibody 
affinities (Kd) were calculated by nonlinear regression analy 
sis as previously described'. For immunoprecipitation, 1 ug 
each of recombinant HA protein and antibody were incubated 
at 4°C. overnight in 100 ul NP40 Buffer prior to precipitation 
with Protein G-Sepharose. The samples were denatured for 5 
min at 95°C. in Laemmli gel sample buffer followed by 
centrifugation to remove the Protein GSepharose and analy 
sis on 12% Tris-Glycine polyacrylamide gels. Precipitated 
protein bands were identified by staining with Sypro-orange 
and Fluorescence imaging. For the challenge experiments, 
female Balb/c mice (8 weeks old) were challenged intra 
nasally with 3XXLDso of a highly pathogenic, mouse-adapted 
swine H1N1 influenza virus (A/California/04/09) that was 
passaged in mice for five generations. Mice were treated 
intraperitoneally with 200 ug (10 mg/kg of body weight) of 
the specific mAb EM4C04 at all time points. All mice were 
monitored daily for morbidity and body weight changes. 

Patients 

0038 All studies were approved by the Emory University, 
University of Chicago and Columbia University institutional 
review boards (Emory IRBH22371 and 555-2000, U of C 
IRBit 16851 E. CU IRB#AAAE1819). Patient 1 (EM) is a 
30-year old healthy woman who developed fever, cough and 
progressive dyspnea over 8 days prior to hospital admission. 
She was diagnosed with acute respiratory syndrome (ARDS), 
which required mechanical ventilation. Her nasopharyngeal 
swab on admission was positive for influenza by RTPCR. She 
continued shedding virus (hospital day 13) despite treatment 
with oseltamivir, but had cleared the virus by day 15 with 
continued treatment. Her course was further complicated by 
bacterial pneumonia, pulmonary embolism, and a require 
ment for prolonged oscillatory ventilator Support and tra 
cheostomy. She gradually recovered and was discharged to 
home two months after becoming ill. Blood samples for 
PBMC preparation were collected 19 days and 29 days after 
the onset of symptoms. Patient 2 (SF) is a 37-year old man 
with a history of hypertension and interstitial lung disease of 
unknown etiology who was hospitalized with symptoms of 
fever, cough, shortness of breath, nausea and Vomiting for 3 
days. He was diagnosed with pneumonia, acute sinusitis and 
acute renal failure. His nasopharyngeal Swab on admission 
was positive for influenza virus by culture and was confirmed 
as the swine H1N1 influenza virus by RTPCR. He was ini 
tially treated with oseltamivir for 5 days but was continuing to 
shed influenza virus and was discharged with a course of 
Zanamivir. He was hospitalized for a total of 8 days and 
recovered. PBMCs were collected 18 days after the onset of 
symptoms. Patient 3 is a 25 year old male who developed 
cough and fever to 103° F. The diagnosis of 2009 H1N1 
influenza was confirmed by RT-PCR. He was treated with 
oseltamivir and his symptoms lasted for 4 days. He recovered 
completely and blood samples were collected 9 days after the 
onset of symptoms. Patient 4 is a previously healthy, 40-year 
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old man who developed symptoms consistent with mild upper 
respiratory tract illness, including cough, rhinorrhea, and 
fever. MassTag PCR analysis of a nasopharyngeal Swab 
specimen obtained 6 days after symptom onset identified 
H1N1 influenza virus; the presence of swine H1N1 influenza 
virus was subsequently confirmed by RT-PCR. Blood 
samples for PBMC isolation were obtained 13 days after the 
onset of symptoms. Patient 5 is a 52 year old female whose 
diagnosis of 2009 H1N1 influenza A was confirmed by RT 
PCR. Her symptoms included fever, cough, pharyngitis, 
myalgias, nausea, headache, and gastrointestinal symptoms. 
She was treated with oseltamivir and her symptoms resolved 
after 6 days and she recovered completely. Blood samples 
were collected 10 days after the onset of symptoms. 

Cell and Serum Isolation 

0039 All work with samples from infected patients was 
performed in a designated BSL2+ facility at Emory Univer 
sity. Peripheral blood mononuclear cells (PBMC) were iso 
lated using Vacutainer tubes (Becton Dickinson, BD), 
washed, and resuspended in PBS with 2% FCS for immediate 
use or frozen for Subsequent analysis. Plasma samples were 
saved in -80C. 

Viruses and Antigens 

0040. The Swine H1N1 influenza virus (A/California/04/ 
2009) was kindly provided by Dr. Richard J Webby at St. Jude 
Childrens Hospital. Influenza virus stocks used for the assays 
were freshly grown in eggs, prepared and purified as 
described' and the hemagglutination activity (HA) was 
determined using turkey red blood cells (Lampire Biological 
Laboratories, Pipersville, Pa.) as previously described''' or 
purchased as inactivated preparations (ProSpec-Tany Tech 
noGene Ltd., Rehovot, Israel) and included: A/California/04/ 
2009 (H1N1), A/FM/1/47 (H1N1), A/PR8/34 (H1N1), 
A/New Jersey/76 (H1N1), A/New Caledonia/20/9 (H1N1), 
A/Solomon Island/3/2006, A/Wisconsin/67/2005 (H3N2), 
and B/Malaysia/2506/2004. Vaccines tested included the 
2006/7 vaccine from Chiron Vaccines Limited (Liverpool, 
UK) and the 2008/9 formulation from Sanofi Pasteur Inc. 
(Swiftwater, Pa.). Recombinant HA proteins were provided 
by the influenza reagent resource (IRR, influenza reagent 
resource.org) of the CDC (rHA from A/California/04/2009 
(H1N1) (#FR-180), A/Brisbane/10/2007 (H1N1) (iFR-61), 
A/Brisbane/59/2007 (H3N2) (iFR-65)) or by Biodefense & 
Emerging Infections research repository (BEI: www.beire 
sources.org) (rHA from A/Indonesia/05/2005). 

Flow Cytometry Analysis and Cell Sorting 

0041 Analytical flow cytometry analysis was performed 
on whole blood following lysis of erythrocytes and fixing in 
2% PFA. All live cell sorting was performed on purifiedPB 
MCs in the BSL-3 facility at the Emory Vaccine Center. All 
antibodies for bothanalytical and cell sorting cytometry were 
purchased from Pharmingen, except anti-CD27 that was pur 
chased from ebiosciences. Anti-CD3-PECy7 or PerCP, anti 
CD20-PECy7 or PerCP, anti-CD38-PE, anti-CD27-APC and 
anti-CD19-FITC. ASCs were gated and isolated as CD19" 
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CD3CD20'"CD27.8°CD38's cells. Flow cytometry data 
was analyzed using Flow Jo Software. 

Generation of Monoclonal Antibodies 

0042. Identification of antibody variable region genes 
were done essentially as previously described''. Briefly, 
single ASCs were sorted into 96-well PCR plates containing 
RNase inhibitor (Promega). VHand Vic genes from each cell 
were amplified by RT-PCR and nested PCR reactions using 
cocktails of primers specific for both IgG and IgA as previ 
ously describee''' and then sequenced. To generate recom 
binant antibodies, restriction sites were incorporated by PCR 
with primers to the particular variable and junctional genes. 
VH or VK genes amplified from each single cell were cloned 
into IgG1 or Igk expression vectors as previously describee' 
11. Heavy/light chain plasmids were co-transfected into the 
293A cell line for expression and antibodies purified with 
protein A Sepharose. 

ELISA and HAI Assays 
0043. Whole virus, recombinant HA or vaccine-specific 
ELISA was performed on starting concentrations of 10 ug/ml 
of virus or rhA and on 1:20 dilution of the vaccine as previ 
ously described'. The hemagglutination inhibition (HAI) 
titers were determined as previously described'''. Affinity 
estimates were calculated by nonlinear regression analysis of 
curves from 8 dilutions of antibody (10 to 0.125 ug/ml) using 
GraphPad Prism. 

Immunoprecipitation 

0044) For immunoprecipitation, 100 ul NP40 Buffer (20 
mM Tris-HC1 PH8.0, 137 mM NaCl, 10% Glycerol, 1% 
NP-40, 2 mM EDTA) containing complete Protease Inhibi 
tors (Roche) was mixed with 1 g of recombinant HA protein 
and incubated on ice for 30 min. One microgram of mono 
clonal antibody was then added. The antibody and HA mix 
ture was incubated at 4°C. overnight with constant agitation. 
On the next day, Protein G-Sepharose (GE Healthcare) was 
prepared in NP40 buffer at a volume of 10 ul/sample. Protein 
GSepharose was incubated with the antibody and HA mixture 
at 4C for 4 hrs with constant agitation. The protein 
G-Sepharose was centrifuged for 3 min at 3000 rpm and the 
pellet was washed with 400 ul of NP40 buffer for 3 times. 
Finally the pellet was resuspended into 25ul of Laemmligel 
sample buffer (Bio-Rad). The samples were then boiled for 5 
min at 95C. The protein G was pelleted and 15 Ll of super 
natant was loaded onto 12%Tris-Glycine polyacrylamide 
gels. The gels were run in 1xTGS at 70V for 30 min, followed 
by 120V till the frontline ran out of the gel. The gels were 
stained with 1x Sypro-orange (Invitrogen) in 7.5% acetic acid 
for 1 hr., and then gels were destained with 7.5% acetic acid 
for 3 min. Gels were finally scanned in a Typhoon 9410 
Fluorescence imaging system (GE Healthcare). 
0045. In vivo Protection Experiments 
0046. Female Balb/c mice 6-8 weeks old were used for the 
challenge studies. Mice were inoculated intra-nasally with 
3XLDs of a highly pathogenic, mouse-adapted Swine H1N1 
influenza virus (A/California/04/09) that was passaged in 
mice five generations. The LDs was determined by the 
method of Reed and Muench. The experiments were con 
ducted in accordance with ethical procedures and policies 
approved by the Emory University's Institutional Animal 
Care and Use Committee. In order to determine the prophy 
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lactic efficacy of them Ab, mice were treated intraperitoneally 
with 200 ug (10 mg/kg of body weight) of the specific mAb 
EM4C04. Twelve hours later mice were challenged with 
3XLDs of the mouse adapted H1N1 virus. All mice were 
monitored daily for any signs of morbidity and mortality. 
Body weight changes were registered daily for a period of 14 
days. All mice that lost more that 25% of their initial body 
weight were sacrificed according to the IACUC guideless. In 
order to determine the therapeutic efficacy of the EM4C04 
mAb, mice were challenged with 3XLDso of the mouse 
adapted Swine H1N1 virus. At various times post infection 
(12, 24, 36, 48, 60 hours) mice were treated intraperitoneally 
with 200 ug (10 mg/kg of body weight) of the specific mAb 
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EM4C04. All mice were monitored daily and the body weight 
changes were registered daily as described above. 

Statistical Analysis 
0047 Data was collected and graphed using MS Exceland 
Graphpad Prism software. Efficacy of the therapeutic and 
challenge experiments was evaluated by ANOVA using 
Graphpad Prism software. 

Sequences of Antibodies 
0048. Described below are the sequences of the EM4C04 
heavy chain and light chain 

EM4CO4 Heavy Chain Variable Region: 
DNA 
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCCTGGTCAAGCCTGGGGGGTCCC 

TGAGACTCTCCTGTTCAGCCTCTGGATTCACCTTCAATATCTATGCCATGAAC 

TGGGTCCGCCAGGTTCCAGGAAAGGGGCTGGATTGGGTCTCATCCATTAGTA 

GTAGGGGTGATTACATATACTACGCAGAGTCAGTGGAGGGCCGATTCACCAT 

CTCCAGAGACAACGCCAAGAACT CACTGTATCTGGAAATGAACAGCCTGAGA 

GCCGAGGACACGGCTGTGTATTACTGTGCGAGAGCTGGGCTGGGTACAGTGG 

ATTTAAGGTGGGGGGGGGCCTTCGACCACTGGGGCAAGGGAATCCTGGTCAC 

CGTCTCCTCA 

Amino Acid : 
(SEQ ID NO: 2) 

EVOLVESGGGLVKPGGSLRLSCSASGFTFNIYAMNWVROWPGKGLDWVSSISSR 

GDYIYYAESWEGRFTISRDNAKNSLYLEMNSLRAEDTAWYYCARAGLGTWDLR 

WGGAFDHWGKGILWTWSS 

Alignment: 
Ig Sequence EM-Swinel - 4 CO4H 
Name: 

W gene: Z14073. IGHV3-21*01 

D Gene: None Found 

D Gene 2: None Found 

J. Gene: X86355 IGHJ5k O2 

Clonal Pool: O 

CDR3 Length: 17 

CDR3 AA: RAGLGTWDLRWGGAFDH 

1> Z14073 1CHV3 - 21*01 2O 3 O 4 O 
E W Q L W E S G G G L W K P G 

Germline GAG. GTG. CAG CTG GTG GAG TCT GGG (GGA. GGC CTG GTC AAG CCT GGG 
EM-Swine1-4CO4H- - - - - - - - - - - - 

SO 60 70 8O 90 
G. S L R L S C A A. S. G. F. T. F. S 

Germline GGG TCC CTG AGA CTC. TCC TGT GCA GCC TCT GGA TTC ACC TTC AGT 
EM-Swine1-4CO4H- - - - - - - - - - - - - - - - - - - - - - T- - - - - - - - - - - - - - - - - - - - -A- 

S N 

1 OO 11O 12O 13 O 

S Y S M N W W R O A P G K G L 
Germline AGC TAT AGC ATG AAC TGG GTC CGC CAG GCT CCA. GGG AAG GGG CTG 
EM-Swine1-4CO4H- -T- - - - GC- - - - - - - - - - - - - - - - - - - - T- - - - - - A - - - - - - - - - 

I A. W 
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4741 totgtggata accqt attac cqc ctittgag togagctgata cc.gctcqc.cg cago cqaacg 

4801 accgagcgca gcgagt cagt gagcgaggaa goggaagagc gcc.caat acg caaaccgc.ct 

4861 ctic ccc.gc.gc gttggc.cgat to attaatcc agctggcacg acaggitttcc cqactggaaa 

4921 gogggcagtg agcgcaacgc aattaatgtg agttacctica ct cattaggc acccCaggct 

4981 ttacactitta togct tcc.ggc ticg tatgttg togtggaattig tigagcggata acaattitcac 

5041 acaggaalaca gctatgacca tdattacgaa ttaa 

USE OF ANTIEBODIES 

0050 Antibodies described herein can be used in any 
method that antibodies produced by other means cane be 
used. Thus, they can be used in passive therapy and diagnosis. 
Passive antibody immunization can provide a state of imme 
diate immunity that can last for weeks and possibly months. 
Some human IgG isotypes have serum half-lives in excess of 
30 days, which would confer long-lived protection to pas 
sively immunized persons. Where active vaccines are avail 
able, they may be administered together with antibodies to 
both immediate and long-lasting protection. In addition, the 
antibodies can be administered in conjunction with one or 
more therapeutic drugs for treatment or prevention of infec 
tion or for treatment of infection. Administration of antibod 
ies produced as described herein will follow the general pro 
tocols for passive immunization. Antibodies for 
administration be prepare in a formulation Suitable for admin 
istration to a host. Aqueous compositions comprise an effec 
tive amount of an antibody dispersed in a pharmaceutically 
acceptable carrier and/or aqueous medium. The phrases 
“pharmaceutically and/or pharmacologically acceptable' 
refer to compositions that do not produce an adverse, allergic 
and/or other untoward reaction when administered to an ani 
mal, and specifically to humans, as appropriate. 
0051. As used herein, “pharmaceutically acceptable car 
rier includes any solvents, dispersion media, coatings, anti 
bacterial and/or antifungal agents, isotonic and/or absorption 
delaying agents and the like. The use of such media or agents 
for pharmaceutical active Substances is well known in the art. 
Except insofar as any conventional media or agent is incom 
patible with the active ingredient, its use in the therapeutic 
compositions is contemplated. Supplementary active ingre 
dients can also be incorporated into the compositions. For 
administration to humans, preparations should meet Sterility, 
pyrogenicity, general safety and/or purity standards as 
required by FDA Office of Biologics standards. 
0052 Antibodies will generally be formulated for 
parenteral administration, e.g., formulated for injection via 
the intravenous, intramuscular, Sub-cutaneous, intralesional, 
or even intraperitoneal routes. Upon formulation, Solutions 
will be administered in a manner compatible with the dosage 
formulation or in Such amount as is therapeutically effective. 
Some variation in dosage will necessarily occur depending on 
the condition of the Subject being treated. The person respon 
sible for administration will, in any event, determine the 
appropriate dose for the individual subject. 
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< 16 Os 

PRT 

SEQ ID NO 1 
LENGTH: 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of 

1. Of 

polypeptide 

SEQUENCE: 

Asp Ile Gln Met 
1. 

Asp 

Lell 

Ser 
65 

Glu 

Thir 

Arg 

Asn 

Asp 
SO 

Gly 

Asp 

Phe 

Wall 

Trp 
35 

Ala 

Ser 

Thir 

Gly 

Thir 

Tyr 

Ser 

Gly 

Ala 

Glin 

PRT 

1. 

Thir 
5 

Ile 

Glin 

Asp 

Thir 

Thir 
85 

Gly 

SEQ ID NO 2 
LENGTH: 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of 

125 

polypeptide 

<4 OOs, SEQUENCE: 

Glu Wall Glin Lieu 
1. 

Ser 

Ala 

Ser 

Glu 
65 

Lell 

Ala 

Asp 

Luell 

Met 

Ser 
SO 

Gly 

Glu 

Arg 

His 

Arg 

Asn 
35 

Ile 

Arg 

Met 

Ala 

Trp 
115 

Luell 
2O 

Trp 

Ser 

Phe 

Asn 

Gly 
1OO 

Gly 

2 

Wall 
5 

Ser 

Wall 

Ser 

Thir 

Ser 
85 

Lell 

<210s, SEQ ID NO 3 
&211s LENGTH: 
212. TYPE : 

<213> ORGANISM: Artificial Sequence 
PRT 

11 

Glin 

Ser 

Glin 

Lell 

Asp 
70 

Thir 

Glu 

Arg 

Arg 

Ile 
70 

Lell 

Gly 

Gly 

NUMBER OF SEO ID NOS: 

Ser 

Lys 

Glu 
55 

Phe 

Ser 

Ser 

Glin 

Gly 
55 

Ser 

Arg 

Thir 

Ile 

SEQUENCE LISTING 

46 

Pro 

Glin 

Ser 
4 O 

Thir 

Thir 

Wall 

Gly 

Ala 

Wall 
4 O 

Asp 

Arg 

Ala 

Wall 

Luell 
12 O 

Ser 

Ala 
25 

Gly 

Gly 

Phe 

Glin 

Glu 
105 

Gly 

Ser 
25 

Pro 

Asp 

Glu 

Asp 
105 

Wall 

Ser 

Ser 

Glu 

Wall 

Thir 

Glin 
90 

Ile 

Gly 

Gly 

Gly 

Ile 

Asn 

Asp 
90 

Luell 

Thir 

Artificial Sequence: 

Luell 

Glin 

Ala 

Pro 

Ile 

Tyr 

Artificial Sequence: 

Luell 

Phe 

Lys 

Ala 
7s 

Thir 

Arg 

Wall 

Ser 

Asp 

Pro 

Ser 
6 O 

Ser 

Asp 

Wall 

Thir 

Gly 

Tyr 
6 O 

Ala 

Trp 

Ser 

Ala 

Ile 

Lys 
45 

Arg 

Arg 

Asp 

Phe 

Lell 
45 

Ala 

Asn 

Wall 

Gly 

Ser 
125 

17 

Ser 

Thir 
3O 

Luell 

Phe 

Luell 

Luell 

Pro 

Asn 
3O 

Asp 

Glu 

Ser 

Gly 
11 O 

Wall 
15 

Asn 

Luell 

Ser 

Glin 

Pro 
95 

Gly 
15 

Ile 

Trp 

Ser 

Luell 

Tyr 
95 

Ala 

Synthetic 

Gly 

Phe 

Ile 

Gly 

Pro 

Tyr 

Synthetic 

Gly 

Tyr 

Wall 

Wall 

Tyr 

Cys 

Phe 

Nov. 8, 2012 
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18 

- Continued 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 3 

Glin Ala Ser Glin Asp Ile Thr Asn. Phe Lieu. Asn 
1. 5 1O 

<210s, SEQ ID NO 4 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 4 

Asp Ala Ser Asp Lieu. Glu Thr 
1. 5 

<210s, SEQ ID NO 5 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

< 4 OO > SEQUENCE: 5 

Gln Glin Tyr Asp Asp Leu Pro Tyr Thr 
1. 5 

<210s, SEQ ID NO 6 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 6 

Ile Tyr Ala Met Asn 
1. 5 

<210s, SEQ ID NO 7 
&211s LENGTH: 17 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OO > SEQUENCE: 7 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Ser Ile Ser Ser Arg Gly Asp Tyr Ile Tyr Tyr Ala Glu Ser Val Glu 
1. 5 1O 15 

Gly 

<210s, SEQ ID NO 8 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

Synthetic 

Nov. 8, 2012 
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- Continued 

<4 OOs, SEQUENCE: 8 

Ala Gly Lieu. Gly Thr Val Asp Lieu. Arg Trp Gly Gly Ala Phe Asp His 
1. 5 1O 15 

<210s, SEQ ID NO 9 

<4 OOs, SEQUENCE: 9 

OOO 

<210s, SEQ ID NO 10 

<4 OOs, SEQUENCE: 10 

OOO 

<210s, SEQ ID NO 11 
&211s LENGTH: 375 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polynucleotide 

<4 OOs, SEQUENCE: 11 

gaggtgcagc tiggtggagtic tiggggaggc Ctggt Caagc CtggggggtC CCtgagactic 6 O 

toctogttcag cct ctoggatt Cacct tcaat atctatocca togaactgggit cogcc aggtt 12 O 

cCaggaaagg ggctggattgggit ct catcc attagtagta ggggtgatta catatactac 18O 

gcagagticag tagggc.cg attcaccatc. tccagagaca acgc.caagaa ct cactgtat 24 O 

Ctggaaatga acagoctgag agc.cgaggac acggctgttgt attactgtgc gagagctggg 3OO 

Ctggg tacag tatttalag gtgggggggg gcc titcgacc actggggcaa gggaatcCtg 360 

gtcaccgt.ct cotca 375 

<210s, SEQ ID NO 12 
&211s LENGTH: 17 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 12 

Arg Ala Gly Lieu. Gly. Thr Val Asp Lieu. Arg Trp Gly Gly Ala Phe Asp 
1. 5 1O 15 

His 

<210s, SEQ ID NO 13 
&211s LENGTH: 376 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polynucleotide 

22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (375) 
22 Os. FEATURE: 

<221 > NAMEAKEY: modified base 
<222s. LOCATION: (294) ... (333) 
<223> OTHER INFORMATION: a, c, t, g, unknown or other 
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- Continued 

<4 OOs, SEQUENCE: 13 

gag gtg cag Ctg gtg gag tict 999 giga gC Ctg gtC aag cct gig gag 48 
Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Llys Pro Gly Gly 
1. 5 1O 15 

tcc ctd aga ct c ticc tdt gca gcc tot gga titc acc titc agt agc tat 96 
Ser Lieu. Arg Lieu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

2O 25 3O 

agc atgaac tog gtc. c.gc cag gct coa ggg aag ggg Ctg gag tig gt C 144 
Ser Met Asn Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu. Glu Trp Val 

35 4 O 45 

t catcc att agt agt agt agt agt tac at a tac tac goa gac to a gtg 192 
Ser Ser Ile Ser Ser Ser Ser Ser Tyr Ile Tyr Tyr Ala Asp Ser Val 

SO 55 6 O 

aag ggc cqa titc acc atc. tcc aga gac aac goc aag aac to a citg tat 24 O 
Lys Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Ser Lieu. Tyr 
65 70 7s 8O 

Ctg caa atgaac agc ctgaga gcc gag gac acg gct gtg tat tac tit 288 
Lieu. Glin Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 

85 90 95 

gcc agn nnn nnnnnn nnn nnn nnn nnn nnn nnn nnn nnn nnn nnn ttic 336 
Ala Xala Xala Xala Xala Xaa Xaa Xala Xala Xala Xala Xala Xaa Xala Xala Phe 

1OO 105 11 O 

gac ccc tig ggc cag gga acc ctg gtC acc gtc. tcc tica g 376 
Asp Pro Trp Gly Glin Gly Thr Lieu Val Thr Val Ser Ser 

115 12 O 125 

<210s, SEQ ID NO 14 
&211s LENGTH: 125 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

22 Os. FEATURE: 

<221s NAME/KEY: MOD RES 
<222s. LOCATION: (98) ... (98) 
<223> OTHER INFORMATION: Arg or Ser 
22 Os. FEATURE: 

<221s NAME/KEY: MOD RES 
<222s. LOCATION: (99) . . (111) 
<223> OTHER INFORMATION: Any amino acid 

<4 OOs, SEQUENCE: 14 

Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Llys Pro Gly Gly 
1. 5 1O 15 

Ser Lieu. Arg Lieu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
2O 25 3O 

Ser Met Asn Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu. Glu Trp Val 
35 4 O 45 

Ser Ser Ile Ser Ser Ser Ser Ser Tyr Ile Tyr Tyr Ala Asp Ser Val 
SO 55 6 O 

Lys Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Ser Lieu. Tyr 
65 70 7s 8O 

Lieu. Glin Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Xala Xala Xala Xala Xaa Xaa Xala Xala Xala Xala Xala Xaa Xala Xala Phe 
1OO 105 11 O 

Asp Pro Trp Gly Glin Gly Thr Lieu Val Thr Val Ser Ser 
115 12 O 125 
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- Continued 

<210s, SEQ ID NO 15 
&211s LENGTH: 376 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polynucleotide 

22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (375) 

<4 OOs, SEQUENCE: 15 

gag gtg cag Ctg gtg gag tict 999 giga gC Ctg gtC aag cct gig gag 48 
Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Llys Pro Gly Gly 
1. 5 1O 15 

tcc ctd aga ct c ticc tdt to a goc tot gga titc acc titc aat atc tat 96 
Ser Lieu. Arg Lieu Ser Cys Ser Ala Ser Gly Phe Thr Phe Asin Ile Tyr 

2O 25 3O 

gcc atgaac tog gtc. c.gc cag gtt CC a gga aag ggg Ctg gat tdg gt C 144 
Ala Met Asn Trp Val Arg Glin Val Pro Gly Lys Gly Lieu. Asp Trp Val 

35 4 O 45 

t catcc att agt agt agg ggt gat tac at a tac tac gca gag to a gtg 192 
Ser Ser Ile Ser Ser Arg Gly Asp Tyr Ile Tyr Tyr Ala Glu Ser Val 

SO 55 6 O 

gag ggc cga t t c acc atc. tcc aga gac aac goc aag aac to a citg tat 24 O 
Glu Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Lieu. Tyr 
65 70 7s 8O 

Ctg gala atgaac agc ctgaga gcc gag gac acg gct gtg tat tac tit 288 
Lieu. Glu Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 

85 90 95 

gcg aga gct gig citg ggit aca gtg gat tta agg tag gag gig gCC titC 336 
Ala Arg Ala Gly Lieu. Gly Thr Val Asp Lieu. Arg Trp Gly Gly Ala Phe 

1OO 105 11 O 

gac cac tig ggc aag gga atc ctg gtC acc gtc. tcc tica g 376 
Asp His Trp Gly Lys Gly Ile Leu Val Thr Val Ser Ser 

115 12 O 125 

<210s, SEQ ID NO 16 
&211s LENGTH: 321 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polynucleotide 

<4 OOs, SEQUENCE: 16 

gacatccaga tigacccagtic ticcatcct co citgtctgcat citgttggaga cagagt cacc 6 O 

atct cittgcc aggcgagt ca ggatattacc aactttittaa attgg tacca gcagaaatct 12 O 

ggggaa.gc.cc ctaagctic ct gatctacgat gcatc.cgatt tdgaaac agg ggtcc catca 18O 

aggttcagtg gaagtggat.c tdggacagat titt actittca C catcagcag gctgcagcct 24 O 

gaagacactg caa.cat atta citgtcaacag tatgacgatc. tcc.cgtatac ttittggc.ca.g 3OO 

gggaccalagg tagatcaa a 321 

<210s, SEQ ID NO 17 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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- Continued 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 17 

Gln Tyr Asp Asp Leu Pro Tyr Thr 
1. 5 

<210s, SEQ ID NO 18 
&211s LENGTH: 322 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polynucleotide 

22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (321) 
22 Os. FEATURE: 

<221 > NAMEAKEY: modified base 
<222s. LOCATION: (285) ... (288) 
<223> OTHER INFORMATION: a, c, t, g, unknown or other 

<4 OOs, SEQUENCE: 18 

gac at C cag atg acc cag tot coa toc toc ctd tot gca tot gta gga 48 
Asp Ile Gln Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1. 5 1O 15 

gac aga gt C acc atc act tc cag gC9 agt cag gac att agc aac tat 96 
Asp Arg Val Thir Ile Thr Cys Glin Ala Ser Glin Asp Ile Ser Asn Tyr 

2O 25 3O 

tta aat tig tat cag cag aaa cca ggg aaa gCd cct aag Ct c ctg at C 144 
Lieu. Asn Trp Tyr Glin Glin Llys Pro Gly Lys Ala Pro Llys Lieu. Lieu. Ile 

35 4 O 45 

tac gat gca to C aat ttg gala aca ggg gtC cca toa agg tt C agt gga 192 
Tyr Asp Ala Ser Asn Lieu. Glu Thr Gly Val Pro Ser Arg Phe Ser Gly 

SO 55 6 O 

agt gga tot ggg aca gat titt act tt C acc atc agc agc ctg cag cct 24 O 
Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln Pro 
65 70 7s 8O 

gaa gat att goa aca tat tac tdt caa cag tat gat aat ct c ccn nnn 288 
Glu Asp Ile Ala Thr Tyr Tyr Cys Glin Glin Tyr Asp Asn Lieu Pro Xaa 

85 90 95 

act titt ggc cag ggg acc aag Ctg gag at C aaa C 322 
Thr Phe Gly Glin Gly Thr Lys Lieu. Glu Ile Llys 

1OO 105 

<210s, SEQ ID NO 19 
&211s LENGTH: 107 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

22 Os. FEATURE: 

<221s NAME/KEY: MOD RES 
<222s. LOCATION: (96) ... (96) 
<223> OTHER INFORMATION: Any amino acid 

<4 OOs, SEQUENCE: 19 

Asp Ile Gln Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1. 5 1O 15 

Asp Arg Val Thir Ile Thr Cys Glin Ala Ser Glin Asp Ile Ser Asn Tyr 
2O 25 3O 

Lieu. Asn Trp Tyr Glin Glin Llys Pro Gly Lys Ala Pro Llys Lieu. Lieu. Ile 
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35 4 O 

Tyr Asp Ala Ser Asn Lieu. Glu Thr Gly Val 
SO 55 

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr 
65 70 

Glu Asp Ile Ala Thr Tyr Tyr Cys Glin Glin 
85 90 

Thr Phe Gly Glin Gly Thr Lys Lieu. Glu Ile 
1OO 105 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 322 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of 
polynucleotide 

22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (321) 

<4 OOs, SEQUENCE: 2O 

gac 
Asp 
1. 

gac 
Asp 

tta 
Lell 

tac 

agt 
Ser 
65 

gaa 
Glu 

act 
Thir 

gaggtgcagc tiggtggagtic tiggggaggc Ctggt Caagc CtggggggtC CCtgagactic 

t cct gttcag cct ctdgatt cacct tcaat 

at C 
Ile 

aga 
Arg 

aat 
Asn 

gat 
Asp 
SO 

gga 
Gly 

gac 
Asp 

titt 
Phe 

cag 
Glin 

gtic 
Wall 

tgg 
Trp 
35 

gca 
Ala 

tot 
Ser 

act 
Thir 

ggc 
Gly 

atg acc 
Met Thir 

acc atc. 

Thir Ile 
2O 

tac cag 

to c gat 
Ser Asp 

ggg aca 
Gly Thr 

gca aca 
Ala Thr 

85 

Cag gigg 
Gln Gly 

SEQ ID NO 21 
LENGTH: 90 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 

Cag 
Glin 

tot 

Ser 

Cag 
Glin 

ttg 
Lell 

gat 
Asp 
70 

tat 

a CC 

Thir 

oligonucleotide 

SEQUENCE: 21 

<210s, SEQ ID NO 22 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

tot 
Ser 

tgc 
Cys 

a.a.a. 

gaa 
Glu 
55 

titt 
Phe 

tac 

aag 
Lys 

CC a 

Pro 

cag 
Glin 

tot 
Ser 
4 O 

aca 

Thir 

act 
Thir 

tgt 
Cys 

gtg 
Wall 

to c 
Ser 

gcg 
Ala 
25 

999 
Gly 

999 
Gly 

ttic 
Phe 

Cala 

Glin 

gag 
Glu 
105 

to c 
Ser 
1O 

agt 
Ser 

gala 
Glu 

gt C 
Wall 

acc 

Thir 

cag 
Glin 
90 

at C 
Ile 

Pro 

Ile 
7s 

Tyr 

Lys 

Artificial Sequence: 

Ctg 
Luell 

cag 
Glin 

gcc 
Ala 

CCa 

Pro 

atc. 
Ile 
7s 

tat 

Tyr 

a.a.a. 

Lys 

23 

- Continued 

45 

Ser Arg Phe Ser 
6 O 

Ser Ser Lieu. Glin 

Asp Asn Lieu Pro 

tot 
Ser 

gat 
Asp 

cott 
Pro 

toa 
Ser 
6 O 

agc 
Ser 

gac 
Asp 

gca 
Ala 

att 

Ile 

aag 
Lys 
45 

agg 
Arg 

agg 
Arg 

gat 
Asp 

tot 
Ser 

acc 

Thir 
3O 

citc. 
Luell 

ttic 
Phe 

Ctg 
Luell 

citc. 
Luell 

95 

gtt 
Wall 
15 

aac 

Asn 

Ctg 
Luell 

agt 
Ser 

cag 
Glin 

cc.g 
Pro 
95 

Gly 

Pro 
8O 

Xaa 

Synthetic 

gga 48 
Gly 

titt 96 
Phe 

at C 144 
Ile 

gga 192 
Gly 

cott 24 O 
Pro 
8O 

tat 288 
Tyr 

322 

Synthetic 

6 O 

9 O 
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- Continued 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 22 

atctatgcca tdaac 15 

<210s, SEQ ID NO 23 
&211s LENGTH: 42 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 23 

tgggtc.cgcc aggttcCagg aaaggggctggattgggtct Ca 42 

<210s, SEQ ID NO 24 
&211s LENGTH: 51 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 24 

tccatt agta gtaggggtga tta catatac tacgcagagt cagtggaggg C 51 

<210s, SEQ ID NO 25 
&211s LENGTH: 96 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 25 

cgatt cacca tot coagaga caacgc.caag aact cactgt atctggaaat gaacagoctd 6 O 

agagcc.gagg acacggctgt gtatt actgt gcgaga 96 

<210s, SEQ ID NO 26 
&211s LENGTH: 48 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 26 

gctgggctgg gtacagtgga tttalaggtgg gggggggcct tcgaccac 48 

<210s, SEQ ID NO 27 
&211s LENGTH: 33 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 27 

tggggcaagg gaatcCtggt caccgt.ct Co. tca 33 

Nov. 8, 2012 
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- Continued 

<210s, SEQ ID NO 28 
&211s LENGTH: 30 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 28 

Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Llys Pro Gly Gly 
1. 5 1O 15 

Ser Lieu. Arg Lieu Ser Cys Ser Ala Ser Gly Phe Thr Phe Asn 
2O 25 3O 

<210s, SEQ ID NO 29 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 29 

Trp Val Arg Glin Val Pro Gly Lys Gly Lieu. Asp Trp Val Ser 
1. 5 1O 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 32 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 30 

Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Ser Lieu. Tyr Lieu. Glu 
1. 5 1O 15 

Met Asn. Ser Lieu. Arg Ala Glu Asp Thir Ala Val Tyr Tyr Cys Ala Arg 
2O 25 3O 

<210s, SEQ ID NO 31 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 31 

Trp Gly Lys Gly Ile Leu Val Thr Val Ser Ser 
1. 5 1O 

<210s, SEQ ID NO 32 
&211s LENGTH: 78 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 32 

gacatccaga tigacccagtic ticcatcct co citgtctgcat citgttggaga cagagt cacc 6 O 

atct Cttgcc aggcgagt 78 

Nov. 8, 2012 
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- Continued 

SEQ ID NO 33 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

SEQUENCE: 33 

caggat atta cca actttitt aaat 24 

SEQ ID NO 34 
LENGTH: 45 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

SEQUENCE: 34 

tggtaccagc agaaatctgg ggaagc.ccct aagct cotga t ctac 45 

SEO ID NO 35 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

SEQUENCE: 35 

gatgcatc.cg atttggaaac a 21 

SEQ ID NO 36 
LENGTH: 96 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

SEQUENCE: 36 

gggg.tcc.cat Caaggttcag tigaagtgga t Ctggga cag attitt actitt cac catcagc 6 O 

aggctgcagc ctgaagacac to aa.cat at tactgt 96 

SEO ID NO 37 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

SEQUENCE: 37 

caac agtatg acgatc tocc gtatact 27 

SEQ ID NO 38 
LENGTH: 30 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 
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<4 OOs, SEQUENCE: 38 

tittggcCagg ggaccalaggt ggagatcaaa 3 O 

<210s, SEQ ID NO 39 
&211s LENGTH: 23 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 39 

Asp Ile Gln Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1. 5 1O 15 

Asp Arg Val Thir Ile Ser Cys 
2O 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 4 O 

Trp Tyr Glin Gln Lys Ser Gly Glu Ala Pro Llys Lieu. Lieu. Ile Tyr 
1. 5 1O 15 

<210s, SEQ ID NO 41 
&211s LENGTH: 32 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 41 

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr 
1. 5 1O 15 

Phe Thir Ile Ser Arg Lieu Gln Pro Glu Asp Thr Ala Thr Tyr Tyr Cys 
2O 25 3O 

<210s, SEQ ID NO 42 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 42 

Phe Gly Glin Gly Thr Lys Val Glu Ile Llys 
1. 5 1O 

<210s, SEQ ID NO 43 
&211s LENGTH: 330 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 43 

Arg Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 
1. 5 1O 15 
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Ser Thir Ser Gly Gly Thr Ala Ala Lieu. Gly Cys Lieu Val Lys Asp Tyr 
2O 25 3O 

Phe Pro Glu Pro Val Thr Val Ser Trp Asin Ser Gly Ala Lieu. Thir Ser 
35 4 O 45 

Gly Val His Thr Phe Pro Ala Val Lieu. Glin Ser Ser Gly Lieu. Tyr Ser 
SO 55 6 O 

Lieu. Ser Ser Val Val Thr Val Pro Ser Ser Ser Lieu. Gly Thr Glin Thr 
65 70 7s 8O 

Tyr Ile Cys Asn. Wall Asn His Llys Pro Ser Asn. Thir Llys Val Asp Llys 
85 90 95 

Llys Val Glu Pro Llys Ser Cys Asp Llys Thr His Thr Cys Pro Pro Cys 
1OO 105 11 O 

Pro Ala Pro Glu Lieu. Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 
115 12 O 125 

Llys Pro Lys Asp Thr Lieu Met Ile Ser Arg Thr Pro Glu Val Thr Cys 
13 O 135 14 O 

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Llys Phe Asn Trp 
145 150 155 160 

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Llys Pro Arg Glu 
1.65 17O 17s 

Glu Glin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Lieu. Thr Val Lieu. 
18O 185 19 O 

His Glin Asp Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys Llys Val Ser Asn 
195 2OO 2O5 

Lys Ala Lieu Pro Ala Pro Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly 
21 O 215 22O 

Gln Pro Arg Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser Arg Asp Glu 
225 23 O 235 24 O 

Lieu. Thir Lys Asn Glin Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe Tyr 
245 250 255 

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn 
26 O 265 27 O 

Asn Tyr Lys Thr Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe Phe 
27s 28O 285 

Lieu. Tyr Ser Lys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly Asn 
29 O 295 3 OO 

Val Phe Ser Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr Thr 
3. OS 310 315 32O 

Glin Llys Ser Lieu. Ser Lieu. Ser Pro Gly Lys 
3.25 330 

<210s, SEQ ID NO 44 
&211s LENGTH: 5746 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 44 

titcgagct cq ccc.gacattg attattgact agittattaat agtaatcaat tacgggg.tca 6 O 

ttagttcata gcc catatat ggagttcc.gc gttacataac ttacggtaaa tdgc.ccgc.ct 12 O 

ggct gaccgc ccaacgaccc cc.gcc cattg acgtcaataa tdacg tatgt toccatagta 18O 

acgc.caatag ggactitt.cca ttgacgtcaa tiggtggagt atttacggta alactg.cccac 24 O 
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ccagatggta agc cct cocg tat cqtagtt atctacacga C9gggagtica ggcaact atg 384 O 

gatgaacgaa at agacagat cqctgagata ggtgcct cac tattaa.gca ttggtaactg 3900 

t cagaccalag titt act cata tatactittag attgatttaa aactt cattt ttaatttaaa 396 O 

aggat.c tagg togaagatcct ttittgataat ct catgacca aaatc cctta acgtgagttt 4 O2O 

tcqttic cact gagcqt caga ccc.cgtagaa aagat caaag gat cittctitg agatccttitt 4 O8O 

tittctg.cgcg taatctgctg. Cttgcaaaca aaaaaac cac cqctaccagc ggtggitttgt 414 O 

ttgc.cggat.c aagagctacc aactictttitt C caagg tala Ctggctt cag cagagcgcag 42OO 

ataccaaata citgtcc ttct agtgtagc.cg tagttaggcc accacttcaa gaactctgta 426 O 

gcaccoccita catacct cqc totgctaatc ctdttaccag toggctgctgc cagtgg.cgat 432O 

aagttctgtc. ttaccgggitt ggact caaga catagittac C9gataaggc gcagcggtcg 438 O 

ggctgaacgg ggggttcgtg cacacago Cc agcttggagc galacgacct a caccgaactg 4 44 O 

agatacctac agcgtgagca ttgagaaagc gcc acgcttic ccgaagggag alaaggcggac 4500 

aggt at CC9g taa.gcggCag get C9galaca gaga.gc.gca C9agggagct tcc aggggga 456 O 

aacgcc tiggit atctittatag toctdtcggg titt cqccacc tictdacttga gcdtcgattit 462O 

ttgttgatgct cqt caggggg gcggagccta tigaaaaacg C cagcaacgc ggc ctittitta 468O 

cggttcctgg ccttittgctg gcc titttgct cacatgttct titcctg.cgtt atc.ccct gat 474. O 

tctgtggata accg tattac cqc ctittgag tagctgata cc.gct cqc.cg cagc.cgaacg 48OO 

accgagcgca gcgagt cagt gagcgaggaa goggaagagc gcc caat acg caaaccgc.ct 486 O 

Ctc.ccc.gc.gc gttggc.cgat t cattaatcc agctggcacg acaggttt CC Cactggaaa 492 O 

gcgggcagtg agcgcaacgc aattaatgtg agttacctica ct cattaggc acccCaggct 498O 

ttacactitta togctt.ccggc ticg tatgttg tdtggaattig togagcggata acaattt cac 5040 

acaggaaa.ca gctatacca tdattacgaa ttaa 5. Of 4 

1. (canceled) 
2. An isolated antibody or an antigen-binding fragment 

thereof, wherein the antibody comprises a light chain variable 
region and a heavy chain variable region, wherein the light 
chain variable region comprises the amino acid sequences of 
SEQID NOs: 3, 4, and 5 and wherein the heavy chain variable 
region comprises the amino acid sequences of SEQID NOs: 
6, 7, and 8, and wherein the antibody or antigen-binding 
fragment specifically binds H1N1. 

3. (canceled) 
4. The isolated antibody of claim 2 wherein the antibody is 

a human antibody. 
5. The isolated antibody of claim 2 wherein the antibody is 

an IgG antibody. 
6. The isolated antibody of claim 5 wherein the antibody is 

an IgG1 antibody. 
7. The isolated antibody of claim 6 wherein the antibody is 

an IgG1, kappa antibody. 
8. The isolated antibody of claim 6 wherein the antibody is 

an IgG1, lambda antibody. 
9. The isolated antibody of claim 2 wherein the antibody is 

selected from an IgM, IgA, Ig|D and IgE antibody. 

10. The isolated antibody of claim 1 wherein the antigen 
binding fragment is selected from a Fab, a F(ab')2 fragment, 
a Fd fragment, an Fv fragment, and a dAb fragment. 

11. The isolated antibody of claim 1 wherein the antibody 
is a scFv. 

12-24. (canceled) 
25. The isolated antibody of claim 2 wherein the antibody 

has Kd for purified H1N1 that is less than 1x10. 
26. (canceled) 
27. A composition comprising the antibody of claim 2 and 

a pharmaceutically acceptable carrier. 
28. A method for reducing the risk of infection with H1N1 

in a human Subject, the method comprising 
administering the antibody of claim 2 to the human Subject 

thereby reducing the risk of infection of H1N1 in the 
human Subject. 

29. A method for treating a patient infected with H1N1 
virus, the method comprising 

administering the antibody of claim 2 to the patient 
infected with the H1N1 virus, thereby treating the 
patient. 

29. The isolated antibody of claim 2, or the antigenbinding 
fragment thereof, wherein the heavy chain variable region 
comprises the amino acid sequence of SEQID NO: 2 and the 
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light chain variable region comprises the amino acid 31. The isolated antibody of claim 2, or antigen binding 
sequence of SEQID NO: 1. fragment thereof, wherein the light chain variable region 

30. The isolated antibody of claim 2, or the antigenbinding consists of the amino acid sequence of SEQID NO: 1. 
fragment thereof, wherein the heavy chain variable region 
consists of the amino acid sequence of SEQID NO: 2. ck 


