
Supplementary Figure S1 
 
Nucleotide sequence 
atgaaggcaatactagtagttctgctatatacatttgcaaccgcaaatgcagacacattatgtataggttatcatgcgaacaattcaa
cagacactgtagacacagtactagaaaagaatgtaacagtaacacactctgttaaccttctagaagacaagcataacgggaaact
atgcaagatcttgaacaaggcccctctcgacctaaggggatgtaccatagaaggttggatcttagggaatcctcaatgcgacctatt
gcttggtgatcaaagctggtcatatatagtagaaaggcctactgctcaaaatgggatttgctacccaggagttttgaatgaagtaga
agaactgaaggcacttattggatcaggagaaagggtagaaagatttgagatgtttcccaaaagtacatgggcaggggtagacacc
agcagtggggtaacaaaagcttgcccttataacagtggttcatctttctacagaaacctcctgtggataataaaaaccaagtcagca
gcatatccagtaattaagggaacttacaacaacactggaaatcagccaatcctttacttctggggtgtgcaccatcctcctgacaca
aatgagcaaaatactctgtacggttctggtgatcgatacgttaggatggggactgaaagcatgaactttgccaagagtccggaaatt
gcagcaagacctgcggtgaacggtcaaagaggcagaattgattattactggtctgttttaaaaccaggggaaaccttgaatgtgga
gtctaatggaaatctaatcgccccttggtacgcatacagatttgtcagcacaaataataaaggagccgtcttcaagtcaaatttacca
atagagaattgcaatacaacttgtcaaacacccaagggtgctataaacaccagcctcccatttcagaatatacatccgatcacaatt
ggaaaatgtccaaaatatgtgaaaagcacaaaattgagactggccacaggattgaggaatatcccgtctattcaatctagaggcct
atttggggccattgccggtttcattgaaggggggtggacagggatggtagatggatggtacggttatcaccatcaaaatgagcagg
ggtcaggatatgcagccgacctgaagagcacacagaatgccattgacgagattactaacaaagtaaattctgttattgaaaagatg
aatacacagttcacagcagtaggtaaagagttcaaccacctggaaaaaagaatagagaatttaaataaaaaagttgatgatggtt
tcctggacatttggacttacaatgccgaactgttggttctattggaaaatgaaagaactttggactaccacgattcaaatgtgaagaa
cttatatgaaaaggtaagaagccagctaaaaaacaatgccaaggaaattggaaacggctgctttgaattttaccacaaatgcgata
acacgtgcatggaaagtgtcaaaaatgggacttatgactacccaaaatactcagaggaagcaaaattaaacagagaagaaatag
atggggtaaagctggaatcaacaaggatttaccagattttggcgatctattcaactgtcgccagttcattggtactggtagtctccctg
ggggcaatcagtttctggatgtgctctaatgggtctctacagtgtagaatatgtatttaa 
Amino acid sequence 
MKAILVVLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLCK 
ILNKAPLDLRGCTIEGWILGNPQCDLLLGDQSWSYIVERPTAQNGICYPGVLNEVEELKALIGSGERVERFE
MFPKSTWAGVDTSSGVTKACPYNSGSSFYRNLLWIIKTKSAAYPVIKGTYNNTGNQPILYFWGVHHPPD
TNEQNTLYGSGDRYVRMGTESMNFAKSPEIAARPAVNGQRGRIDYYWSVLKPGETLNVESNGNLIAPW
YAYRFVSTNNKGAVFKSNLPIENCNTTCQTPKGAINTSLPFQNIHPITIGKCPKYVKSTKLRLATGLRNIPSI
QSRGLFGAIAGFIEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNSVIEKMNTQFT
AVGKEFNHLEKRIENLNKKVDDGFLDIWTYNAELLVLLENERTLDYHDSNVKNLYEKVRSQLKNNAKEIG
NGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLNREEIDGVKLESTRIYQILAIYSTVASSLVLVVSLGAIS
FWMCSNGSLQCRICI* 
 
 
Supplementary Figure S1. Nucleotide (open reading frame) and amino acid sequences 
corresponding to the chimeric protein cH6/1 used in this study. 
 
 
 
 
 
 
 
 
 
 
 



 
Supplementary Figure S2  
 

 
 
Supplementary Figure S2. The pooled serum displays high levels of stalk-specific antibodies with 

functional properties. Serum samples from full units and the pooled serum were tested in different 

binding or functional assays. The standard serum possesses: high levels of cH6/1-specific antibodies 

(A); high levels of #4900 mini HA-specific antibodies (B); a high neutralization titer (C) and high levels 

of antibodies with effector functions (D). Dots in A, B and D, represent individual values of area 

under the curve (AUC), dots in C represent neutralization titers; blue dots represent the full units, 

the red dot indicates the pooled serum. The arithmetic mean of all values is represented by a black 

horizontal line. 

 
 
 
  



 
Supplementary Figure S3 

 
 
 
 

Supplementary Figure S3 Individual laboratory geometric mean potencies relative to candidate 

standard sample 6. Data shown in Supplementary Table 5 are displayed graphically.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Table S1: Sample Panel 
 

Sample 
# 

Sample 
ID Response 

1 01346 High 
2 1985 Intermediate 
3 1943 Low 
4 01326 High 
5 1960 Intermediate 
6 Pool Standard 
7 37210 High 
8 1978 Intermediate 
9 1975 Low 

10 Pool Standard 
11 1961 Low 
12 03059 High 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Table S2: Assays performed in different laboratories

 

La
bo

ra
to

ry
 N

um
be

r
2

4
7

8
9

10
11

12
a

12
b

As
sa

y 
Ty

pe
 M

ag
pi

x h
ig

h 
th

ro
ug

hp
ut

 
as

sa
y

Sa
nd

w
ich

 E
LIS

A
In

di
re

ct
 E

LIS
A

Co
m

pe
tit

iv
e 

EL
IS

A 

Be
ad

 a
ds

or
pt

io
n 

EC
LIA

 
(E

le
ct

ro
ch

em
ilu

m
in

es
ce

nc
e 

Im
m

un
oa

ss
ay

) o
n 

th
e 

M
es

o 
Sc

al
e 

Di
sc

ov
er

y 
(M

SD
) 

pl
at

fo
rm

Sa
nd

w
ich

 E
LIS

A
 D

ire
ct

 E
LIS

A
Ca

pt
ur

e 
EL

IS
A 

 C
ap

tu
re

 E
LIS

A 

An
tig

en
(s

)

 M
ul

tip
le

 
ec

to
do

m
ai

n/
he

ad
 d

om
ai

n 
HA

 p
ai

rs
 fr

om
 g

ro
up

 1
 

an
d 

gr
ou

p 
2,

 in
clu

di
ng

 
H1

N1
, H

2,
 H

5,
 H

9,
 H

3 
an

d 
H7

  

Pr
ot

ei
n 

cH
9/

1H
A 

(c
hi

m
er

ic 
HA

 w
ith

 H
1 

st
al

k 
do

m
ai

n 
fro

m
 A

/P
ue

rt
o 

Ri
co

/8
/3

4 
an

d 
H9

 h
ea

d 
do

m
ai

n 
fro

m
 

A/
gu

in
ea

 fo
w

l/H
on

g 
Ko

ng
/W

F1
0/

99
), 

1μ
g/

m
l, 

10
0μ

l/w
el

l

Ba
cu

lo
vi

ru
s 

ex
pr

es
se

d 
cH

6/
1 

re
co

m
bi

na
nt

 p
ro

te
in

 A
/C

al
ifo

rn
ia

/7
/2

00
9 

HA
 a

nd
 H

A1
 P

ur
ifi

ed
 

pr
ot

ei
ns

 H
1N

1 
NC

99
 

st
ab

ili
ze

d 
st

em
 (s

s)
 

as
 ca

pt
ur

e 
an

tig
en

 

H1
-H

A 
(A

/C
al

ifo
rn

ia
/2

00
9)

; H
3-

HA
 

(A
/S

w
itz

er
la

nd
/2

01
3)

; G
ro

up
 1

 H
A 

st
al

k 
(h

ea
dl

es
s H

1-
HA

 tr
im

er
 m

in
i 

pr
ot

ei
n)

; G
ro

up
 2

 H
A 

st
al

k 
(h

ea
dl

es
s H

3-
HA

 tr
im

er
 m

in
i 

pr
ot

ei
n)

 R
ec

om
bi

na
nt

 
ch

im
er

ic 
cH

6/
1 

pr
ot

ei
n

Bi
ot

in
yl

at
ed

 F
ul

l-l
en

gt
h 

gr
ou

p 
1 

HA
  

Bi
ot

in
yl

at
ed

 m
in

i h
e

ad
le

ss
-H

A 

Ta
rg

et
 b

ei
ng

 d
et

ec
te

d
 A

nt
ib

od
ie

s b
in

di
ng

 to
 

ec
to

dm
ai

n 
HA

 –
 h

ea
d 

do
m

ai
n 

HA
Gr

ou
p 

1 
st

al
k 

bi
nd

in
g 

Ig
G

St
al

k-
re

ac
tiv

e 
Ig

Gs
 

us
in

g 
cH

6/
1

 In
di

re
ct

 m
ea

su
re

m
en

t 
of

 st
al

k 
re

ac
tiv

e 
an

tib
od

ie
s t

hr
ou

gh
 p

re
 

tr
ea

tm
en

t o
f s

er
um

 
sa

m
pl

e 
w

ith
 d

iff
er

en
t 

co
nc

en
tr

at
io

n 
of

 H
A 

an
d 

HA
1.

 

 H
1N

1 
NC

99
 S

te
m

-
re

ac
tiv

e 
Ig

Gs
 a

fte
r 

pr
e-

ad
so

rp
tio

n 
of

 
sa

m
pl

e 
w

ith
 H

1N
1 

NC
99

 fu
ll 

le
ng

th
 

(F
L)

 G
LY

45
 

Sp
ec

ifi
c I

gG
 fo

r H
1-

HA
, H

3-
HA

, 
gr

p1
 st

al
k,

 g
rp

2 
st

al
k 

 S
er

a 
of

 g
ro

up
 1

 
st

al
k-

re
ac

tiv
e 

Ig
Gs

 a
nd

 se
ra

 o
f 

gr
ou

p 
1 

st
al

k-
re

ac
tiv

e 
Ig

As

St
al

k-
re

ac
tiv

e 
Ig

G 
an

tib
od

ie
s 

us
in

g 
a 

fu
ll-

le
ng

th
 g

ro
up

 1
 

HA
 h

et
er

ol
og

ou
s t

o 
H1

 

St
al

k-
re

ac
tiv

e 
Ig

G 
an

tib
od

ie
s 

us
in

g 
m

in
i h

ea
dl

es
s-

HA
 tr

im
er

ic 
co

ns
tr

uc
t o

f G
ro

up
 

1 
st

al
k 

Ti
tr

e 
ca

lcu
la

te
d 

M
FI

Qu
tif

ie
d 

us
in

g 
hu

m
an

 Ig
G 

st
an

da
rd

 cu
rv

e
To

ta
l p

ea
k 

ar
ea

 A
UC

 T
itr

e 
ca

lcu
la

te
d 

ba
se

d 
on

 th
e 

sig
na

l d
et

ec
te

d 
fo

r H
A1

 a
nd

 H
A2

.  
Th

e 
HA

2 
tit

re
 is

 
ex

tr
ap

ol
at

ed
 fr

om
 th

e 
HA

 E
LIS

A 
tit

re
 b

y 
us

in
g 

th
e 

pe
rc

en
ta

ge
 o

f H
A2

 
sig

na
l d

er
iv

ed
 b

y 
se

ra
 

pr
e-

tr
ea

tm
en

t w
ith

 
HA

1 
an

d 
HA

 p
ro

te
in

AU
C

 E
nd

po
in

t t
ite

r
 A

UC
 (L

as
t X

)
ED

50
 

ED
50

 

As
sa

y 
Ty

pe

 H
A 

Co
nf

or
m

at
io

na
l 

Ch
an

ge
 In

hi
bi

tio
n 

An
tib

od
y 

De
te

ct
io

n 
As

sa
y 

(H
CC

IA
) 

Vi
ru

s n
eu

tr
al

iza
tio

n
M

icr
on

eu
tr

al
isa

tio
n 

as
sa

y

An
tig

en
(s

)
 H

2/
sw

in
e/

M
O/

20
06

, 
H1

/T
ai

w
an

/1
/8

6,
 

H1
/B

ris
ba

ne
/5

9/
20

07

Ch
im

er
ic 

vi
ru

s c
H9

/1
N3

, 
10

0T
CI

D5
0/

w
el

l
cH

6/
1 

vi
ru

s

Ta
rg

et
 b

ei
ng

 d
et

ec
te

d

An
tib

od
ie

s t
ha

t c
an

 
in

hi
bi

t l
ow

 p
H 

in
du

ce
d 

co
nf

or
m

at
io

na
l c

ha
ng

es
 

of
 in

flu
en

za
 v

iru
s 

he
m

ag
gl

ut
in

in

Gr
ou

p 
1 

st
al

k 
ne

ut
ra

liz
in

g 
an

tib
od

ie
s

St
al

k 
re

ac
tiv

e 
Ig

 u
sin

g 
cH

6/
1 

vi
ru

s

Ti
tr

e 
ca

lcu
la

te
d 

 O
D 

ra
tio

 o
f m

Ab
 1

/8
7 

4.
79

 o
r C

17
9 

at
 p

H 
4.

8 
to

 
pH

 7
.0

Th
e 

hi
gh

es
t d

ilu
tio

n 
fa

ct
or

 
of

 se
ra

 w
hi

ch
 g

iv
es

 n
o 

he
m

ag
gl

ut
in

at
io

n 
w

ith
 

0.
7%

 tu
rk

ey
 R

BC
s

In
hi

bi
to

ry
 d

ilu
tio

n

Bi
nd

in
g 

as
sa

ys

Fu
nc

tio
na

l 
as

sa
ys



 
 
 
 
 
 
Supplementary Table S3: Sample ED50s excluded from analysis 
 

Lab Run Sample Reason for exclusion 
07 4 9 Reduces max:min ratio from 11.1 to 3.1 
07 4 11 Reduces max:min ratio from 1.67E+17 to 1.8 
10 3 5 Reduces max:min ratio from 828.2 to 3.4 
11 1 All ED50s causing high max:min ratio 
11 3 All ED50s causing high max:min ratio 

12a 2 11 Reduces max:min ratio from 250.9 to 2.2 
 
 
 
 
 
 
Supplementary Table S4: Geometric mean ED50 estimates  
 

Sample 
Lab GM 

GM GCV Median 04 07 08* 09 10 11 12a 12b 
1 3481 5933 10756 50726 1796 194787 394 3762 7012 592.1 4847 
2 544 701 3978 14027 2075 6760 142 751 1541 352.7 1413 
3 133 308 1162 8382 332 75 9 83 230 655.0 221 
4 5393 1988 7134 21601 2248 6658 212 1363 3032 301.7 3821 
5 864 604 4071 7572 73 8609 124 393 915 512.7 734 
6 5666 5509 8647 58581 1762 171438 732 5689 8172 482.7 5677 
7 4394 1986 5513 32325 903 6296 580 2384 3243 250.9 3389 
8 997 569 2509 20029 959 4679 170 838 1437 324.9 978 
9 454 287 2539 19771 2915 3736 103 466 1167 450.9 1503 

10 4166 5661 8213 57080 1806 10753 631 5929 5472 272.3 5795 
11 47 250 258 4655 232 479 218 10 207 489.9 241 
12 2198 4081 24741 25463 N/A N/A 127 1776 3295 617.5 3139 

 

 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
Supplementary Table S5: Geometric mean potency estimates relative to Sample 6  
 

Sample Lab GM GM GCV Median 04 07 08* 09 10 11 12a 12b 
1 0.61 1.08 1.24 0.87 1.02 1.14 0.54 0.66 0.86 37.0 0.94 
2 0.10 0.13 0.46 0.24 1.18 0.04 0.19 0.13 0.19 179.5 0.16 
3 0.02 0.06 0.13 0.14 0.19 <0.01 0.01 0.01 0.03 627.9 0.04 
4 0.95 0.36 0.82 0.37 1.28 0.04 0.29 0.24 0.37 199.0 0.36 
5 0.15 0.11 0.47 0.13 0.06 0.05 0.17 0.07 0.12 105.4 0.12 
7 0.78 0.36 0.64 0.55 0.51 0.04 0.79 0.42 0.40 171.9 0.53 
8 0.18 0.10 0.29 0.34 0.54 0.03 0.23 0.15 0.18 149.1 0.20 
9 0.08 0.05 0.29 0.34 1.65 0.02 0.14 0.08 0.14 285.1 0.11 

10 0.74 1.03 0.95 0.97 1.03 0.06 0.86 1.04 0.67 162.2 0.96 
11 0.01 0.04 0.03 0.08 0.13 <0.01 0.33 <0.01 0.03 541.9 0.03 
12 0.39 0.74 2.86 0.43 N/A N/A 0.17 0.31 0.52 161.2 0.41 

 
*Lab reported results used as ED50s could not be independently calculated 
N/A: Excluded due to high inter-assay variability (Max:Min result ratio exceeds 8.0) 
GM: Geometric Mean 
GCV: Geometric Coefficient of Variation 
GCV is shown in red for samples for which GCV was reduced upon normalization relative to sample 6  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Table S6: Intra-lab variability: Ratios of the maximum and minimum ED50s for each 
sample in each laboratory; values >8 highlighted 
 

 
 
 
 
Supplementary Table S7: Intra-lab variability: Ratios of the maximum and minimum potencies for 
each sample in each laboratory; values >8 highlighted 
 

Sample Laboratory 
04 07 08 09 10 11 12a 12b 

1 1.4 1.7 1.6 1.6 5.2 12.6 1.5 1.2 
2 1.3 2.3 1.8 2.4 4.8 9.2 1.9 1.1 
3 3.7 3.1 1.4 1.9 16.8 18.7 2.8 1.9 
4 1.5 1.9 1.6 1.4 2.8 2.3 1.4 1.2 
5 1.5 3.1 1.8 5.6 1.9 2.4 1.9 1.5 
7 2.2 4.7 1.5 2.0 6.9 1.6 1.2 1.7 
8 1.1 3.2 1.7 2.5 2.6 2.6 1.7 1.2 
9 1.2 3.2 2.2 2.0 3.7 2.8 1.5 1.3 

10 1.3 2.0 2.6 1.7 1.9 6.1 1.3 1.2 
11 1.9 2.2 1.2 2.1 1.6 1.0 1.8 2.9 
12 1.4 2.0 2.0 1.7 N/A N/A 1.6 1.1 

 
 
 
 
 
 

Sample Laboratory 
04 07 08 09 10 11 12a 12b 

1 1.1 1.2 1.0 1.5 1.5 2.9 1.4 1.7 
2 1.5 1.7 1.3 1.9 1.8 2.1 1.7 1.6 
3 3.2 2.5 1.2 1.1 5.5 4.3 2.2 1.4 
4 1.5 1.8 1.3 1.9 1.6 1.9 1.5 1.3 
5 2.3 2.4 1.3 4.4 3.4 1.8 1.6 1.2 
6 1.5 1.8 1.6 2.1 3.9 4.3 1.7 1.5 
7 2.6 3.6 1.2 1.7 2.5 2.7 1.4 2.2 
8 1.5 3.0 1.2 1.8 1.5 1.7 1.2 1.5 
9 1.3 3.1 1.5 2.0 3.2 1.6 1.4 1.6 

10 1.5 2.2 1.6 1.3 3.1 1.4 1.3 1.5 
11 2.4 1.8 1.6 1.5 3.4 4.5 2.2 3.9 
12 1.7 2.0 1.3 1.4 15.2 45.8 1.3 1.4 


