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1  | INTRODUC TION

Each year approximately one billion cases of influenza virus infec-
tion are reported, of which 3-5 million are severe cases and 290-650 
thousand lead to deaths.1 Influenza virus infection is also a global 
socioeconomic issue.2

Influenza vaccine development was launched immediately after 
Smith et al3 isolated influenza A virus in 1933, and the vaccines were 
tested4,5 during the 1930s and 1940s.

A unique feature of this virus is its diversity. Influenza viruses 
are mainly divided into two types, A and B. The more virulent type 
A can be further classified into 18 different hemagglutinin (HA) sub-
types and 11 different neuraminidase subtypes, theoretically 198 
combinations (in fact 131 subtypes have been detected in nature). 
Type A influenza HA proteins are divided into two groups, group 1 
(H1, H2, H5, H6, H8, H9, H11, H12, H13, H16, H17, and H18) and 
group 2 (H3, H4, H7, H10, H14, and H15), based on phylogenetic 
similarity (Figure 1). Not only that, what also makes it difficult 
to generate an effective vaccine is the fact that influenza viruses 
are constantly changing by “drift and shift.” As a result, the Global 
Influenza Surveillance and Response System (GISRS) was launched 
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Abstract
Influenza is one of the best examples of highly mutable viruses that are able to es-
cape immune surveillance. Indeed, in response to influenza seasonal infection or vac-
cination, the majority of the induced antibodies are strain-specific. Current vaccine 
against the seasonal strains with the strategy of surveillance-prediction-vaccine does 
not cover an unmet virus strain leading to pandemic. Recently, antibodies targeting 
conserved epitopes on the hemagglutinin (HA) protein have been identified, albeit 
rarely, and they often showed broad protection. These antibody discoveries have 
brought the feasibility to develop a universal vaccine. Most of these antibodies bind 
the HA stem domain and accumulate in the memory B cell compartment. Broadly 
reactive stem-biased memory responses were induced by infection with antigenically 
divergent influenza strains and were able to eradicate these viruses, together indicat-
ing the importance of generating memory B cells expressing high-quality anti-stem 
antibodies. Here, we emphasize recent progress in our understanding of how such 
memory B cells can be generated and discuss how these advances may be relevant to 
the quest for a universal influenza vaccine.
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in 1952 and now includes over 150 institutions in more than 110 
countries. The GISRS monitors the circulating influenza viruses year 
around and recommends the virus types, subtypes, lineages, and 
strains for the seasonal flu vaccine once a year. However, for making 
an annual vaccine, determining and targeting a specific virus strain, 
which is continuously changing, are not so easy. Although the vac-
cine effectiveness can differ from one subtype to the other and year 
to year, overall it ranges from 10% to 60% with an average of 40% 
between 2004 and 2019 in the United States (Past Seasons Vaccine 
Effectiveness Estimates, https://www.cdc.gov/flu/vacci nes-work/
past-seaso ns-estim ates.html). Note that these seasonal vaccines will 
provide little or no protection against unpredictable pandemic influ-
enza viruses such as H5N1 and H7N9.

Multiple immune reactions contribute to protection in influenza 
infection. Among them, antibodies alone can adequately protect 
from infection, while T cell–mediated reactions seem to play an im-
portant role in recovery.6,7 Influenza vaccines induce serum antibod-
ies against two major glycoproteins on the surface of the virus, HA 
and NA. Antibodies against the globular head of HA are detected by 
the HI (HA inhibition) assay, and their titers boosted by vaccination 
are generally correlated with protection.8 Interestingly, Clements 
et al9 reported that serum titers detected by the NA inhibition assay 
are correlated with protection against virus challenge or illness after 
use of the inactivated vaccine. To date, the influenza vaccine is de-
signed to target the HA protein.

The ultimate goal is to develop a universal vaccine against both a 
broad range of seasonal influenza virus strains and pandemic strains. 
In this regard, in 1993, Okuno et al10 first isolated a broadly neutral-
izing antibody (bnAb) against group 1 influenza viruses. This finding 

demonstrated the feasibility of developing a universal vaccine. This 
mAb, called C179, recognizes a unique conformation formed by the 
HA1 and HA2 domains of the stem region of HA, which is evolu-
tionally well-conserved among many strains 11 (Figure 2). Since 
2008, many groups have succeeded in isolating human monoclonal 
antibodies able to neutralize a broad spectrum of influenza virus 
strains.12 Among them, some bnAbs even recognize both group 1 
and group 2 viruses.

Despite molecular identification for broadly reactive antibodies 
as mentioned above, it has not been clear which type of cells are 
majorly responsible for protection against re-infection of variant in-
fluenza viruses in vivo. In this regard, we summarize recent progress 
to show the importance of memory B cells. Then, we discuss the 
potential ways to induce memory B cells carrying broadly reactive 
antibodies in breadth and affinity.

2  | ROLES OF MEMORY B CELL S

2.1 | Viral strategies for evading immunity

Influenza viruses acquire seasonal mutations, which results in the 
evolution of viral envelope proteins (primary targets of antibody-
mediated protection) comprising variable regions (head region) and 
conserved regions (stem region) (Figure 2); the stem region is essen-
tial for virus survival.

In order to protect the conserved domains from antibody sur-
veillance, viruses are thought to employ at least two strategies. 
First, the conserved domains are weakly immunogenic or immuno-
logically subdominant in contrast to the immunologically dominant 
head domains,13 for instance, because the precursor frequency of 
B cells with germline ancestor antibodies recognizing the conserved 
regions is inherently low in humans14-16 and mice (unpublished data). 
Even so, there are still significant numbers of such B cells; however, 
the conserved regions also provide steric hindrance to prevent anti-
body access.17 Second, the structural mimicry of host self-antigens 
by epitopes within the conserved domains moderates immunogenic-
ity through immunological tolerance, thereby mitigating the gener-
ation of broadly reactive antibodies toward the conserved epitopes. 
Indeed, previous studies revealed that the majority of unmutated 
germline ancestors of broadly reactive antibodies against HIV18 or 
influenza viruses 17,19 are autoreactive or polyreactive. Hence, as dis-
cussed later, targeting to block these virus survival strategies would 
be one possible approach when considering vaccine development.

2.2 | Evidence for the importance of memory B cells 
in re-infection by variant viruses

Among the two humoral memory compartments derived from GC, 
long-lived plasma cells (LLPCs) and memory B cells, LLPCs secrete 
antibodies with the highest affinities for the primary infection virus; 
therefore, they are mostly directed toward the dominant HA head 

F I G U R E  1   Phylogenetic tree of major influenza A virus HA 
subtypes. Sixteen HA subtypes are separated into group 1 (blue) 
and group 2 (red) based on phylogenetic relatedness. Nine hundred 
seventy-five segments of the HA sequences were aligned, and 
the phylogenetic tree was generated using Influenza Research 
Database website80 followed by iTOL.81 H17N10 and H18N11 are 
not listed here

H3

H4
H7

H10

H16

H13

H11

H9H8
H12

H6

H1

H5

H2

CY241658-A/ruddy turnstone/New Jersey/UGAI16-2120/2016|H6N8|Ruddy Turnstone

CY13
70

48
-A/ru

dd
y t

urn
sto

ne
/Dela

ware
Bay

/31
/20

01
|H10

N7|R
ud

dy
 Tu

rns
ton

e

CY036943-A/Siena/9/1989|H1N1|Human

CY
19

00
19

-A
/b

lu
e-

wi
ng

ed
 te

al
/M

ar
yla

nd
/0

6M
D4

62
/2

00
6|

H1
2N

2|
Bl

ue
-W

in
ge

d 
Te

al

CY136590-A/herring gull/New Jersey/780/1986|H16N3|Herring Gull

KJ162064-A/softbill/C
alifornia/13907-21/1994|H

7N
1|Softbill

re
le

vo
hS

nr
eh

tr
o

N|
2

N9
H|

90
02

/8
92

/ir
uo

ss
i

M/r
el

ev
oh

s
nr

eh
tr

on
/A

-0
36

79
0Y

C

KR077948-A/redhead/Ohio/13OS0391/2013|H10N7|Redhead

CY13
63

49
-A

/ru
dd

y t
ur

ns
ton

e/D
ela

war
e B

ay
/27

63
/19

87
|H

10
N7|R

ud
dy

 Tu
rn

sto
ne

3521Y
C

6
kcalb/A-5

s
we

N/retoc
Br

u
kci

wsn
0/

2/0100
00

9|
H

kcalB|6
N7

S
retoc

dr
all

a
M|

2
N9

H|
51

02
/3

10
41

51
D/

ad
av

e
N/

dr
all

a
M/

A-
69

18
29

K
M

CY079243-A/avian/Japan/8KI0135/2008|H6N5|Avian

CY112613-A/Netherlands/241/1993|H3N2|Human

KY
55

13
71

-A
/m

al
la

rd
/U

ta
h/

AH
00

20
45

2/
20

15
|H

7N
4|

M
al

la
rd

MH502600-A/ruddy turnstone/New Jersey/AI13-2972/2013|H10N1|Ruddy Turnstone

MK592589-A/swan/Hokkaido/481103/2017|H4N6|Swan

CY113325-A/Netherlands/330/1985|H3N2|Human

MF694140-A/domestic duck/Georgia/1/2015|H6N2|Duck

KY
82

86
88

-A
/n

or
th

er
n 

sh
ov

el
er

/C
al

ifo
rn

ia
/L

D
C

18
5/

20
14

|H
8N

4|
N

or
th

er
n 

Sh
ov

el
er

CY005979-A/laughing gull/Delaware Bay/2838/1987|H13N2|Laughing Gull

KX978076-A/black-headed gull/Netherlands/17/2009|H13N3|Gull

MK239094-A/Colorado/16/2017|H1N2v|Human

MH501088-A/laughing gull/New Jersey/AI13-2911/2013|H10N8|Laughing Gull

C
Y0

98
52

4-
A/

te
al

/C
ha

ny
/4

44
/2

00
9|

H
8N

8|
Te

a

CY165098-A/m
allard/Sweden/68504/2007|H4N2|M

allard

CY045383-A/shorebird/Delaware/195/2006|H16N3|Shorebird

MH597665-A/ru
ddy turnsto

ne/New Je
rse

y/1
148663/2004|H10N7|Ruddy T

urnsto
ne

KU888853-A/DC/1/2014|H3N2|Human

CY
18

39
99

-A
/m

al
la

rd
/S

we
de

n/
34

3/
20

02
|H

12
N5

|M
al

la
rd

C
Y185425-A

/m

2/
2/

ai
gr

oe
Gf

o
cil

bu
pe

R/
dr

all
a

010|H
7N

7|M
dr

all
a

LC
37

18
18

-A
/d

uc
k/

H
ok

ka
id

o/
20

7/
20

14
|H

8N
2|

W
at

er
fo

w
l

A/Red K

19|H13N6|Ruddy Tur

CY133893-A/mallard/California/2420/2010|H10N7|Mallard

CY127064-A/laughing gull/D
elaware Bay/208/1994|H6N3|Laughing Gull

M
F694112-A/m

allard duck/G
eorgia/2/2016|H

7N
7|M

allard

MF147450-A/European herring gull/Netherlands/5/2006|H16N3|European Herring Gull

MH59
78

89
-A

/ru
dd

y t
urn

sto
ne

/N
ew

 Je
rse

y/4
71

58
4/2

00
1|H

10
N7|R

ud
dy

 Tu
rns

ton
e

M
F147461-A/m

allard duck/G
eorgia/3/2012|H

7N
3|M

allard

CY094253-A/mallard/Califo
rnia/11

353/2008|H10N2|Mallard

relevohS
nrehtro

N|2
N7

H|7002/7441
NJ/ainrofila

C/relevohs
nrehtron/A-278670Y

C

48
43

0Y
C

6
kc

u
D

yv
oc

su
M|

2
N7

H|
50

02
/4

-6
46

11
/k

ro
Y

we
N/

kc
ud

yv
oc

su
M/

A-

M
H

50
17

61
-A

/ru
dd

y 
tu

rn
st

on
e/

N
ew

 J
er

se
y/

AI
12

-2
34

4/
20

12
|H

7N
7|

R
ud

dy
 T

ur
ns

to
ne

MF147539-A/mallard duck/Netherlands/3/2004|H4N6|Mallard

KT887331-A/blue-winged teal/Louisiana/UGAI14-252/2014|H10N7|Blue Winged Teal

CY16
66

29
-A

/A
mer

ica
n g

re
en

-w
ing

ed
 te

al/
W

isc
on

sin
/11

OS34
25

/20
11

|H
12

N5|A
mer

ica
n G

re
en

-W
ing

ed
 Te

al

CY149340-A/glaucous gull-herring gull hybrid/Iceland/1108/2011|H16N3|Gull

CY01
28

32
-A

/pi
nta

il/O
hio

/29
4/1

98
8|H

6N
2|P

int
ail

CY
18

40
39

-A
/m

al
la

rd
/S

we
de

n/
50

96
8/

20
06

|H
12

N5
|M

al
la

rd

LC371850-A/duck/Hokkaido/W159/2006|H6N1|Duck

CY14
48

76
-A/m

alla
rd/

Nort
h C

aro
lina

/13
21

37
1/2

00
4|H

10
N7|M

alla
rd

LC
04

20
81

-A
/du

ck
/Yam

ag
ata

/06
10

04
/20

14
|H6N

6|W
ate

rfo
wl

M
K9

78
86

4-
A/

du
ck

/H
ok

ka
id

o/
18

/2
00

0|
H1

0N
4|

Du
ck

M
F5

75
28

8-
A/

m
all

ar
d 

du
ck

/N
et

he
rla

nd
s/7

1/
20

08
|H

10
N7

|M
all

ar
d

CY
14

07
80

-A
/m

al
la

rd
/M

in
ne

so
ta

/A
I0

9-
30

66
/2

00
9|

H1
2N

5|
M

al
la

rd

C
Y1

33
27

4-
A/

Am
er

ic
an

 b
la

ck
du

ck
/W

is
co

ns
in

/1
0O

S3
94

9/
20

10
|H

7N
8|

Am
er

ic
an

 B
la

ck
 D

uc
k

C
Y0

97
53

4-
A/

Am
er

ic
an

 b
la

ck
 d

uc
k/

Ill
in

oi
s/

41
19

/2
00

9|
H

8N
4|

Am
er

ic
an

 B
la

ck
 D

uc
k

CY054630-A/Russia/4/2009|H1N1|Human

CY043425-A/Hokkaido/07H007/2007|H1N1|Human

CY011056-A/m
allard/Ohio/275/1987|H4N2|M

allard

MF147980-A/mallard duck/Netherlands/9/2001|H4N6|Mallard

al

CY015459-A/green-winged teal/Ohio/344/1986|H4N2|Green-W
inged Teal

MH578838-A/ru
ddy tu

rnsto
ne/Delaware Bay/1

22/2004|H10N7|Ruddy T
urnsto

ne

MK628079-A/ruddy turnstone/Delaware Bay/468/2013|H10N9|Ruddy Turnstone

M
N

43
10

74
-A

/M
al

la
rd

/O
hi

o/
18

O
S1

24
8/

20
18

|H
8N

4|
M

al
la

rd

CY13
64

71
-A

/sh
ore

bir
d/D

ela
ware

Bay
/92

/20
01

|H10
N7|S

ho
reb

ird

KX97
92

29
-A

/m
all

ar
d d

uc
k/N

eth
er

lan
ds

/1/
20

14
|H

10
N7|M

all
ar

d

CY113693-A/Houston/56798/1992|H3N2|Human

KJ372720-A/whale/Maine/328B/1984|H13N2|Sea Mamma

CY
19

08
35

-A
/e

nv
iro

nm
en

t/M
ar

yla
nd

/0
9O

S1
29

6/
20

09
|H

12
N5

|E
nv

iro
nm

en
t

C
Y1

83
42

5-
A/

m
al

la
rd

/S
w

ed
en

/6
00

41
/2

00
7|

H
8N

2|
M

al
la

rd

MH596995-A/herring gull/New Jersey/AI07-418/2007|H13N9|Herring Gull

M
H5

79
17

3-
A/

ru
dd

y t
ur

ns
to

ne
/D

ela
wa

re
 B

ay
/2

71
/2

00
8|

H1
2N

5|
Ru

dd
y T

ur
ns

to
ne

CY141033-A/m
allard/Arkansas/AI09-5944/2009|H4N8|M

allard

t/
A-

87
74

10
Y

C
urkey/M

innesota
ye

kr
uT

|3
N7

H|
08

91
/0

02
1/

CY002816-A/New York/301/2001|H3N2|Human

CY191003-A/mallard/Maryland/11OS3818/2012|H10N7|Mallard

C
Y101

al/
A-

09
3

ughing gull/D
elaw

are Bay/2718/1987|H
9N

5|Laughing G
ull

CY
14

50
70

-A
/ru

dd
y 

tu
rn

st
on

e/
Ne

w 
Je

rs
ey

/S
g-

00
49

7/
20

08
|H

12
N5

|R
ud

dy
 T

ur
ns

to
ne

LC
496344-A/m

allard/Tottori/31C
/2019|H

7N
7|M

allard

MH59
82

54
-A

/ru
dd

y t
urn

sto
ne

/N
ew

 Je
rse

y/A
I00

-99
3/2

00
0|H

10
N4|R

ud
dy

 Tu
rns

ton
e

CY185529-A/black-headed gull/Republic of Georgia/3/2011|H13N8|Black-Headed Gull

CY053789-A/north
ern sh

oveler/C
alifo

rnia/JN
587/2006|H10N3|North

ern Shoveler

KX297754-A/environm
ent/Korea/W

437/2012|H
7N

7|Environm
ent

CY09
71

01
-A

/m
all

ard
/O

hio
/16

86
/20

09
|H6N

9|M
all

ard

LC371778-A/duck/Hokkaido/143/2004|H4N2|Duck

MH501609-A/ruddy turnstone/New Jersey/AI11-867/2011|H10N9|Ruddy Turnstone

CY126288-A/ruddy turnstone/Delaware Bay/520/1988|H13N9|Ruddy Turnstone

KX978196-A/m
allard duck/

Netherla
nds/1

6/2007|H6N8|M
allard

C
Y1

A-12558
b/

l
ca

llu
G

dedae
H-kcalB|1

N9
H|1102/2/aigroe

Gfo
cilbupe

R/llug
dedaeh-k

CY000449-A/New York/146/2000|H1N1|Human

CY097614-A/northern shoveler/M
issouri/1

96/2009|H10N3|Northern Shoveler

JN696316-A/long-tailed duck/Wisconsin/10OS4225/2010|H14N6|Duck

CY014857-A/m
allard duck/New York/180/1986|H4N9|M

allard

A/ruddy turnstone/New Jersey/UGAI14-1436/2014|H13N6|Ruddy Turnstone

CY02
09

09
-A/co

mmon
 sc

ote
r/M

ary
lan

d/2
97

/20
05

|H10
N8|C

om
mon

 Sco
ter

MH501038-A/gull/New Jersey/UGAI15-3459/2015|H16N3|Gull

CY
16

62
26

-A
/A

m
er

ica
n 

gr
ee

n-
wi

ng
ed

 te
al

/W
isc

on
sin

/11
O

S3
58

0/
20

11
|H

12
N2

|G
re

en
-W

in
ge

d 
Te

al

CY114501-A/Netherlands/009/2010|H3N2|Human

KY983201-A/American wigeon/California/HS007B/2015|H6N5|American Wigeon

LC
33

95
55

-A
/d

uc
k/

H
ok

ka
id

o/
22

2/
20

14
|H

8N
4|

W
at

er
fo

w
l

M
G

27
98

02
-A

/m
al

la
rd

 d
uc

k/
M

ar
yla

nd
/1

6O
S2

55
9/

20
16

|H
12

N5
|M

al
la

rd

CY01
49

53
-A

/m
all

ard
 du

ck
/N

ew
 Yo

rk/
90

/19
82

|H
6N

8|M
all

ard

CY
14

43
24

-A
/ru

dd
y 

tu
rn

st
on

e/
De

la
wa

re
/6

50
64

4/
20

02
|H

12
N5

|R
ud

dy
 T

ur
ns

to
ne

CY191291-A/mallard/Maryland/13OS3035/2014|H10N7|Mallard

MH501054-A/gull/New Jersey/UGAI15-3767/2015|H13N3|Gull

M
H

733655-A/ru

en
ot

sn
ru

T
yd

du
R|

7
N9

H|
11

02
/3

52
/y

aB
er

a
wa

le
D/

en
ot

sn
ru

t
yd

d

CY127056-A/ruddy turnstone/Delaware Bay/162/1994|H6N2|Ruddy Turnstone

MK345676-A/ruddy turnstone/Delaware Bay/292/2018|H6N7|Ruddy Turnstone

KX
97

85
77

-A
/m

all
ar

d d
uc

k/N
eth

er
lan

ds
/6/

20
15

|H
10

N7|M
all

ar
d

LC339627-A/duck/Hokkaido/W189/2006|H13N6|Duck

M
H5

01
84

9-
A/

ru
dd

y t
ur

ns
to

ne
/N

ew
 Je

rs
ey

/A
I1

2-
28

73
/2

01
2|H

12
N1

|R
ud

dy
 T

ur
ns

to
ne

M
H

25
12

02
-A

/n
or

th
er

n 
pi

nt
ai

l d
uc

k/
C

al
ifo

rn
ia

/U
C

D
15

82
/2

01
6|

H
7N

3|
N

or
th

er
n 

Pi
nt

ai
l

CY137730-A/shorebird/Delaware Bay/495/2008|H10N7|Shorebird

CY167259-A/mallard/Mississippi/12OS443/2012|H10N1|Mallard

KX
97

94
37

-A
/m

all
ar

d 
du

ck
/N

et
he

rla
nd

s/6
7/

20
08

|H
10

N7
|M

all
ar

d

KX

CY202691-A/mallard/Ohio/14OS3237/2014|H10N7|Mallard

MF147927-A/black-headed gull/Netherlands/12/2009|H16N3|Gull

CY01
54

84
-A

/m
all

ard
/O

hio
/17

0/1
99

9|H
6N

5|M
all

ard

CY164216-A/mallard/Sweden/274/2002|H4N2|Mallard

CY1
44

38
1-

A/
ru

dd
y t

ur
ns

ton
e/D

ela
war

e/A
I03

-3
78

/20
03

|H
12

N4|R
ud

dy
 Tu

rn
sto

ne

CY
18

37
58

-A
/m

al
la

rd
/S

we
de

n/
51

93
3/

20
06

|H
10

N9
|M

al
la

rd

CY01
48

88
-A

/du
ck

/N
ew

 Yo
rk/

16
87

3/1
99

9|H
6N

2|D
uc

k

C
Y102633-A/s

Bay/277/2000|H
9N

7|Shorebird

KX979111-A/black-headed gull/Netherlands/32/2009|H16N3|Gull

Black Duck

MN814776-A/Red Knot/Delaware/125/2019|H10N7|Red Knot

CY005931-A/shorebird/DE/68/2004|H13N9|Shorebird

MH578692-A/ru
ddy t

urnsto
ne/Delaware Bay/6

4/2004|H10N7|Ruddy T
urnsto

ne

LC339707-A/duck/Hokkaido/WZ82/2013|H16N3|Mallard

dralla
M|2

N9
H|7002/06876/nede

wS/dralla
m/A-941481Y

C

CY
18

36
37

-A
/m

al
la

rd
/S

we
de

n/
14

17
/2

00
2|

H1
0N

7|
M

al
la

rd

930Y
C

relevohS
nrehtro

N|3
N7

H|8002/1302F
WK

H/ainrofila
C/relevohs

nrehtron/A-695

laeT
degni

W-eulB|7
N7

H|4102/5020-41IA
G

U/anaisuoL/laet
degni

w-eulb/A-277360YK

C
Y006042-A/goose/M

N
/5733-1/1980|H

9N
2|G

oose

CY146448-A/mallard/Minnesota/AI09-1851/2009|H10N5|Mallard

KX978339-A/greater w
hite-fro

nted goose/Netherlands/9/2009|H6N2|Goose

C
Y0

05
97

2-
A/

m
al

la
rd

/A
lb

er
ta

/1
94

/1
99

2|
H

8N
4|

M
al

la
rd

MK627781-A/ruddy turnstone/Delaware Bay/347/2009|H10N1|Ruddy Turnstone

CY164224-A/mallard/Sweden/310/2002|H4N6|Mallard

C
Y005987-A/ruddy turnstone/D

E/2731/1987|H
9N

1|R
uddy Turnstone

MF147373-A/mallard duck/Netherlands/10/2013|H4N6|Mallard

LC339571-A/duck/Hokkaido/491003/2014|H4N2|W
aterfowl

CY011456-A/New York/636/1996|H3N2|Human

KX979493-A/mallard duck/Netherlands/9/2013|H6N8|Mallard

M
G

28
02

51
-A

/N
or

th
er

n 
sh

ov
el

er
/M

iss
iss

ip
pi

/1
6O

S6
13

8/
20

16
|H

7N
2|

N
or

th
er

n 
Sh

ov
el

er

0681Y
C

ralla
m/A-20

tosenni
M/d

dralla
M|9

N7
H|9002/0773-90IA/a

M
K99

dr
all

a
M|

2
N9

H|
71

02
/4

36
31

71
D/

ai
nr

ofi
la

C/
dr

all
a

M/
A-

39
75

CY112861-A/Nice/491/1996|H3N2|Human

C
Y005988-A/ruddy turnstone/D

E/510/1988|H
9N

6|R
uddy Turnstone

CY144981-A/laughing gull/New Jersey/Sg-00485/2008|H13N9|Laughing Gull

C
Y1

84
60

0-
A/

m
al

la
rd

/S
w

ed
en

/5
16

71
/2

00
6|

H
8N

4|
M

al
la

rd

M
H5

79
30

9-
A/

ru
dd

y t
ur

ns
to

ne
/D

ela
wa

re
 B

ay
/2

79
/2

00
8|

H1
2N

5|
Ru

dd
y T

ur
ns

to
ne

CY01
49

09
-A

/ch
ick

en
/N

ew
 Yo

rk/
28

26
3/1

98
9|H

6N
3|C

hic
ke

n

CY144868-A/sa
nderlin

g/New Je
rse

y/1
148674/2004|H10N7|Sanderlin

g

CY190595-A/mallard/Maryland/07OS55/2007|H10N7|Mallard

KX
97

92
40

-A
/m

all
ar

d 
du

ck
/N

et
he

rla
nd

s/1
/20

12
|H

10
N7

|M
all

ar
d

CY177013-A/green-winged teal/California/3722/2012|H6N2|Green-Winged Teal

MH59
82

30
-A

/ru
dd

y t
ur

ns
ton

e/N
ew

 Je
rse

y/A
I00

-6
72

/20
00

|H
12

N4|R
ud

dy
 T

ur
ns

ton
e

KM402809-A/Netherlands/B1/1968|H2N2|Human

MH578945-A/ruddy turnstone/Delaware Bay/27/2008|H10N7|Ruddy Turnstone

CY164536-A/mallard/Sweden/7582/2003|H4N6|Mallard

CY
06

03
58

-A
/m

al
la

rd
/S

we
de

n/
65

/2
00

2|
H1

0N
9|

M
al

la
rd

MH579109-A/ru
ddy turnsto

ne/Delaware Bay/1
04/2004|H10N7|Ruddy T

urnsto
ne

MK995702-A/Cinnamon Teal/California/D1714969/2017|H6N2|Cinnamon Teal

KY
98

31
72

-A
/n

or
th

er
n 

sh
ov

el
er

/C
al

ifo
rn

ia
/H

S2
06

/2
01

5|
H

8N
4|

N
or

th
er

n 
Sh

ov
el

er

MH59
70

59
-A

/re
d k

no
t/D

ela
war

e/A
I00

-1
90

5/2
00

0|H
12

N5|R
ed

 K
no

t

CY145947-A/ruddy turnstone/New Jersey/AI09-305/2009|H10N7|Ruddy Turnstone

CY
18

55
05

-A
/m

all
ar

d/
Re

pu
bli

c o
f G

eo
rg

ia/
12

/2
01

1|
H1

0N
4|

M
all

ar
d

MH59
82

70
-A

/ru
dd

y t
urn

sto
ne

/N
ew

 Je
rse

y/A
I07

-67
7/2

00
7|H

12
N5|R

ud
dy

 Tu
rns

ton
e

CY1
44

19
4-

A/
ru

dd
y t

ur
ns

ton
e/N

ew
 Je

rse
y/A

I00
-1

38
5/2

00
0|H

12
N4|R

ud
dy

 Tu
rn

sto
ne

CY013863-A/green-winged teal/O
hio/178/1999|H6N2|Green-W

inged Te
al

M
K5

92
48

5-
A/

du
ck

/H
ok

ka
id

o/
22

9/
20

08
|H

10
N7

|D
uc

k

CY146432-A/mallard/Minnesota/AI09-1666/2009|H10N3|Mallard

CY101659-A/ruddy tu
rnsto

ne/Delaware Bay/2
31/1991|H6N8|Ruddy T

urnsto
ne

dr
all

a
M|

7
N7

H|
31

02
/1

1/
sd

na
lr

eh
te

N/
kc

ud
dr

all
a

m/
A-

34
62

86
F

M

CY240916-A/ruddy turnstone/New Jersey/UGAI16-0910/2016|H10N5|Ruddy Turnstone

CY203893-A/mallard/Maryland/09OS1125/2009|H10N7|Mallard

CY149484-A/black-headed gull/Ic
eland/1298/2011|H10N5|Black-Headed Gull

MK995817-A/Mallard/Utah/D1802334/2018|H10N3|Mallard

KU
29

00
7

a
m/A-9

lla
rd

/N
ew

 J
er

se
y/

A0
01

22
45

7/
20

08
|H

7
dralla

M|8
N

M
G

280216-A/m
allard duck/O

hio/16O
S4989/2016|H4N8|M

allard

dr
all

a
M|

7
N7

H|
11

02
/2

0-
51

-9
3/

av
o

N-
ai

na
ks

A/
dr

all
a

m/
A-

26
44

86
UK

KF695239-A/m
allard/N

etherlands/12/2000|H
7N

3|M
allard

enotsnruT
yddu

R|1
N9

H|7002/27-70IA/yesreJ
we

N/enotsnrut
yddur/A-367441Y

C

M
K978880-A/duck/H

okkaido/W
34/2004|H

7N
7|D

uck KY
68

42
95

-A
/tu

rk
ey

/In
di

an
a/

16
-0

01
40

3-
2/

20
16

|H
7N

8|
Tu

rk
ey

CY241901-A/environment/New Jersey/UGAI16-2329/2016|H10N4|Environment

dr
all

a
M|

7
N7

H|
51

02
/3

/s
dn

alr
eh

te
N/

kc
ud

dr
all

a
m/

A-
76

08
79

XK

M
H

597397-A/ruddy turnstone/D
elaw

are/650633/2002|H
9N

9|R
uddy Turnstone

dralla
M|4

N7
H|9002/00432700A/kroY

we
N/dralla

m/A-001092
UK

M
K9

28
23

6-
A/

No
rth

er
n 

Sh
ov

ele
r/N

ev
ad

a/
D1

51
65

57
/2

01
5|

H1
2N

2|
No

rth
er

n 
Sh

ov
ele

r

CY113293-A/Netherlands/241/1982|H3N2|Human

KU310463-A/cackling goose/Alaska/UGAI15-3902/2015|H6N1|Goose

M
K3

45
68

1-
A/

ru
dd

y t
ur

ns
to

ne
/D

ela
wa

re
 B

ay
/1

34
/2

01
8|

H1
2N

1|
Ru

dd
y T

ur
ns

to
ne

CY
18

37
02

-A
/m

al
la

rd
/S

we
de

n/
61

48
/2

00
5|

H1
0N

7|
M

al
la

rd

C
Y024754-A/turkey/Italy/977/1999|H

7N
1|Turkey

CY003769-A/New York/417/2002|H1N2|Human

KX351713-A/Am
erican wigeon/California/LDC111/2014|H4N8|Am

erican W
igeon

MK637116-A/laughing gull/Delaware Bay/39/2014|H13N6|Laughing Gull

CY079356-A/mallard/Illinois/08OS2710/2008|H10N7|Mallard

CY079544-A/Switzerland/5165/2010|H1N1|Human

MK928148-A/Green-W
inged Te

al/C
alifo

rnia/D1615121/2016|H10N3|Green-W
inged Te

al

M
N814786-A/Ruddy Turnstone/Delaware/126/2019|H4N5|Ruddy Turnstone

CY
18

36
29

-A
/m

al
la

rd
/S

we
de

n/
94

8/
20

02
|H

10
N9

|M
al

la
rd

/A-235201Y
C

dur
ut

yd
snr

e notsnruT
yddu

R|7
N9

H|9991/162/yaB
era

wale
D/enot

M
H

25
11

58
-A

/n
or

th
er

n 
sh

ov
el

er
/C

al
ifo

rn
ia

/L
D

C
76

2/
20

16
|H

8N
4|

N
or

th
er

n 
Sh

ov
el

er

MH57
93

30
-A

/ru
dd

y t
urn

sto
ne

/D
ela

ware
 B

ay
/11

6/2
00

7|H
12

N5|R
ud

dy
 Tu

rns
ton

e

M
N

037498-A/ruddy turnstone/D
elaw

are/1044/2002|H
9N

9|R
uddy Turnstone

CY130304-A/mallard/Interior Alaska/9BM2783R0/2009|H10N7|Mallard

/la

KX979500-A/Eurasia
n wigeon/Netherla

nds/1
/2006|H6N2|Eurasia

n W
igeon

M
K592477-A/duck/H

okkaido/119/2003|H
7N

1|D
uck

ne
kc

ih
C|

2
N9

H|
70

02
/2

H
G/

ae
ro

K/
ne

kc
ih

c/
A-

33
91

78
Q

H

CY02
09

01
-A/lo

ng
tai

l d
uc

k/M
ary

lan
d/29

5/20
05

|H10
N8|L

on
g-T

aile
d Duc

k

MH57
88

44
-A

/ru
dd

y t
urn

sto
ne

/D
ela

ware
 B

ay
/43

/20
07

|H
12

N5|R
ud

dy
 Tu

rns
ton

e

MF694213-A/mallard duck/Georgia/7/2015|H6N1|Mallard

hoveler

M
H5

78
85

8-
A/

ru
dd

y t
ur

ns
to

ne
/D

ela
wa

re
 B

ay
/3

47
/2

00
8|

H1
2N

5|
Ru

dd
y T

ur
ns

to
ne

dralla
M|4

N7
H|0102/350

O
M01/iruossi

M/dralla
m/A-777331Y

C

r
G|

2
N9

H|
80

02
/1

80
18

/a
ks

al
A/

es
oo

g
de

tn
orf

-e
ti

h
wr

et
ae

rg
/A

-0
33

77
3X

K

eater W
hi

-e
t

F
es

oo
G

de
tn

or

en
ot

sn
ru

T
yd

du
R|

6
N9

H|
11

02
/8

62
/y

aB
er

a
wa

le
D/

en
ot

sn
ru

t
yd

du
r/

A-
56

73
37

H
M

1Y
C

A-
41

66
1

ll
a

m/
dr

all
a

M|
2

N9
H|

90
02

/0
66

38
/l

ag
utr

oP
/d

ra

KX977613-A/greater w
hite-fro

nted goose/Netherla
nds/2

/2011|H6N2|Goose

KX013079-A/mallard/Ohio/13OS5191/2013|H10N8|Mallard

KT338365-A/m
allard/Alaska/417/2014|H4N1|M

allard

CY14
47

87
-A

/ru
dd

y t
urn

sto
ne

/D
ela

ware
/A

I00
-11

21
/20

00
|H

10
N5|R

ud
dy

 Tu
rns

ton
e

KX979107-A/barnacle goose/Netherlands/1/2011|H6N8|Barnacle Goose

CY113917-A/Stockholm/13/1992|H3N2|Human

CY1
44

18
6-

A/
ru

dd
y t

ur
ns

ton
e/N

ew
 Je

rse
y/A

I00
-2

13
2/2

00
0|H

12
N5|R

ud
dy

 T
ur

ns
ton

e

CY146149-A/ruddy turnstone/New Jersey/AI09-827/2009|H10N1|Ruddy Turnstone

CY076309-A/northern shoveler/W
ashington/44249-765/2006|H10N2|Northern Shoveler

5631
M

H
naisaruE/A-47

4/sdnalrehte
N/noegi

w
5002/

|
noegi

W
naisaruE|2

N9
H

CY146537-A/m
allard/New Jersey/AI09-6446/2009|H4N1|M

allard

CY204007-A/mallard/Maryland/09OS417/2009|H10N7|Mallard

CY101523-A/ruddy turnstone/Delaware/2368/1988|H4N9|Ruddy Turnstone

MF613821-A/red knot/Delaware Bay/155/2016|H10N4|Red Knot

LC
018981-A/duck/H

okkaido/W
19/2013|H

7N
2|W

aterfow
l

M
K9

95
80

1-
A/

M
all

ar
d/

Ca
lifo

rn
ia/

D1
71

36
38

/2
01

7|
H1

2N
5|

M
all

ar
d

KX978284-A/barnacle goose/Netherlands/1/2014|H6N8|Goose

CY120675-A/northern shoveler/California/3628/2011|H10N3|Northern Shoveler

MK627734-A/red knot/Delaware Bay/489/2010|H13N6|Red Knot

54
07

4X
K

ru
t/

A-
0

k
/y

e
lo

P
|2

N9
H|

41
02

/9
0/

dn
a

kr
uT

ye

CY093766-A/north
ern sh

oveler/C
alifo

rnia/9235/2008|H10N8|North
ern Shoveler

CY148316-A/Boston/DOA2-099/2012|H1N1|Human

795
H

M
672
-A

e
D/enotsnrut

yddur/
al

nruT
yddu

R|7
N7

H|6002/5253251/era
w

s
enot

MN431151-A/Mallard/Ohio/18OS1035/2018|H10N7|Mallard

KX
97

88
48

-A
/m

all
ar

d d
uc

k/N
eth

er
lan

ds
/5/

20
12

|H
10

N7|M
all

ar
d

llu
G

gnihguaL|3
N7

H|6002/24/yaB
era

wale
D/llug

gnihgual/A-769201Y
C

li
at

ni
P

nr
eh

tr
o

N|
2

N9
H|

51
02

/B
05

0S
H/

ai
nr

ofi
la

C/l
ia

tn
ip

nr
eh

tr
on

/A
-9

91
38

9Y
K

MF147650-A/black-headed gull/Netherlands/1/2015|H16N3|Gull

CY141041-A/northern shoveler/Arkansas/AI09-6012/2009|H10N3|Northern Shoveler

KM
24

40
60

-A
/g

ui
ne

a 
fo

wl
/M

as
sa

ch
us

et
ts

/1
40

75
-3

/2
01

3|
H1

2N
5|

G
ui

ne
af

ow
l

yesreJ
we

N/enotsnrut
yddur/A-499581Y

C
/

enotsnruT
yddu

R|7
N7

H|1102/8761-11IA

CY053805-A/m
allard/Califo

rnia/K752/2006|H10N7|Mallard

CY
09

43
81

-A
/A

m
er

ica
n 

wi
ge

on
/C

al
ifo

rn
ia

/8
35

2/
20

08
|H

12
N5

|A
m

er
ica

n 
W

ig
eo

n

KT
33

84
04

-A
/n

or
th

er
n 

pi
nt

ai
l/A

la
sk

a/
47

1/
20

14
|H

7N
4|

N
or

th
er

n 
Pi

n
iat
l

CY015532-A/New York/694/1995|H1N1|Human

A-
43

40
74

XK
ut/

kr
2

N9
H|

31
02

/4
1/

dn
al

oP
/y

e
T|

ru key

KY
28

43
61

-A
/A

m
er

ic
an

 g
re

en
-w

in
ge

d 
te

al
/Il

lin
oi

s/
15

O
S6

13
3/

20
15

|H
7N

6|
Eu

ra
si

an
 T

ea
l

MT031043-A/Florida/134/2019|H3N2|Human

CY016148-A/m
allard/Ohio/94/1989|H4N2|M

allard

KX351591-A/mallard/California/1606V/2013|H6N1|Mallard

CY00
59

82
-A

/pi
nta

il/A
lbe

rta
/12

9/1
99

3|H
10

N7|P
int

ail

CY02
08

45
-A

/pi
nta

il/O
hio

/73
/19

89
|H

6N
2|P

int
ail

CY097301-A/mallard/Wisconsin/4230/2009|H10N1|Mallard

KY
98

31
22

-A
/A

m
er

ica
n 

wi
ge

on
/C

ali
fo

rn
ia/

HS
01

0/
20

15
|H

12
N5

|A
m

er
ica

n 
W

ige
on

MH130146-A/white-fro
nted goose/Korea/F56-3/2017|H6N2|Goose

C
Y1

32
14

1-
A/

m
al

la
rd

/M
is

so
ur

i/1
0M

O
05

51
/2

01
0|

H
7N

7|
M

al
la

rd

CY045756-A/United Kingdom/1/1933|H1N1|Human

CY13
66

22
-A

/ru
dd

y t
ur

ns
ton

e/D
ela

war
e B

ay
/27

64
/19

87
|H

10
N7|R

ud
dy

 Tu
rn

sto
ne

M
F6

82
64

9-
A/

m
al

la
rd

 d
uc

k/
N

et
he

rla
nd

s/
7/

20
15

|H
8N

4|
M

al
la

rd

CY
18

46
16

-A
/m

al
la

rd
/S

we
de

n/
39

6/
20

02
|H

10
N4

|M
al

la
rd

KY
55

08
02

-A
/c

in
na

m
on

 te
al

/C
al

ifo
rn

ia
/A

H
00

79
01

1/
20

16
|H

7N
9|

C
in

na
m

on
 T

ea
l

KY615388-A/Baltimore/0096/2016|H1N1|Human

CY167151-A/northern shoveler/Arkansas/12OS160/2012|H10N3|Northern Shoveler

HQ166044-A/Netherlands/26/2007|H1N1|Human

KY
56

10
77

-A
/m

al
la

rd
/A

rk
an

sa
s/

15
O

S7
60

7/
20

15
|H

7N
3|

M
al

la
rd

HQ166052-A/Netherlands/213/2003|H3N2|Human

MH597212-A/ruddy turnstone/Delaware/1016418/2003|H5N2|Ruddy Turnstone

KU
28

99
67

-A
/

helffuB|2
N7

H|8002/22002100A/ainigriV/daehelffub

ea
d

KY828721-A/northern shoveler/California/LDC192/2014|H10N2|Northern Shoveler

MK

CY079404-A/America
n co

ot/M
iss

iss
ippi/09OS615/2009|H10N3|Avia

n

Herring Gul

CY015476-A/m
allard/Ohio/249/1998|H6N1|M

allard

CY032696-A/northern shoveler/California/HKWF268/2007|H6N2|Northern Shoveler

MT167433-A/California/243/2019|H1N1|Human

CY035783-A/least sandpiper/South Central Alaska/2/2007|H4N8|Least Sandpiper

MK1
00

30
4-

A/
gla

uc
ou

s g
ull

/Ic
ela

nd
/42

70
/20

15
|H

10
N7|G

lau
co

us
 G

ull

KX297751-A/environm
ent/Korea/W

266/2007|H
7N

4|Environm
ent

CY033444-A/America

MH502714-A/ruddy turnstone/New Jersey/UGAI14-1656/2014|H6N2|Ruddy Turnstone

MK627644-A/dunlin/Delaware Bay/347/2012|H16N3|Dunlin

KX
97

89
64

-A
/m

all
ar

d 
du

ck
/N

et
he

rla
nd

s/2
/2

00
8|

H1
0N

7|
M

all
ar

d

CY
18

69
59

-A
/n

or
th

er
n 

sh
ov

ele
r/O

hio
/1

2O
S3

17
3/

20
12

|H
12

N5
|N

or
th

er
n 

Sh
ov

ele
r

oldeneye

CY127791-A/ruddy turnstone/Delaware Bay/173/2007|H6N2|Ruddy Turnstone

llu
G

dedae
H-kcalB|3

N9
H|1102/8/aigroe

Gfo
cilbupe

R/llug
dedaeh-kcalb/A-545581Y

C

CY14
48

03
-A

/re
d k

no
t/D

ela
ware

/A
I00

-12
69

/20
00

|H
10

N4|R
ed

 K
no

t

elevohs
nrehtron/A-802761Y

C

r
ssi

M/
i

relevohS
nrehtro

N|7
N7

H|2102/743S
O21/ippiss

MH501104-A/ruddy turnstone/Delaware/AI09-1004/2009|H10N7|Ruddy Turnstone

CY
19

03
23

-A
/m

al
la

rd
/M

ar
yla

nd
/0

6O
S2

33
4/

20
06

|H
12

N5
|M

al
la

rd

CY13
70

08
-A

/sh
ore

bir
d/D

ela
ware

 Bay
/21

1/2
00

0|H
10

N7|S
ho

reb
ird

CY195809-A/ring-billed gull/Massachusetts/13DC30736-2/2013|H13N8|Gull

M
N210147-A/G

laucous-W
inged Gull/Southcentral Alaska/17M

B01587/2017|H4N7|G
ull

MK53
51

25
-A/Ameri

ca
n b

lac
k d

uc
k/O

hio
/06

OS20
51

/20
06

|H6N
5|A

meri
ca

n B
lac

k D
uc

k

M
K237329-A/northern pintail/W

isconsin/17O
S3899/2017|H4N3|Northern Pintail

C
Y0

34
15

1-
A/

no
rth

er
n 

sh
ov

el
er

/C
al

ifo
rn

ia
/H

KW
F1

20
3/

20
07

|H
8N

4|
N

or
th

er
n 

Sh
ov

el
er

M
K

ddur/A-917726
y 

nrut
D/enots

ale

enotsnruT
yddu

R|3
N7

H|1102/542/yaB
era

w

KY130755-A/northern pintail/Alaska/936/2011|H4N6|Northern Pintail

CY1
85

68
9-

A/
mall

ar
d/R

ep
ub

lic
 of

 G
eo

rg
ia/

14
/20

11
|H

10
N7|M

all
ar

d

MH596979-A/enviro
nment/D

elaware/650661/2002|H6N1|Enviro
nment

CY094501-A/greater w
hite-fro

nted goose/Califo
rnia/HKWF446C/2007|H10N7|Greater W

hite-Fronted Goose

KX97
91

50
-A/gr

ea
ter

 whit
e-f

ron
ted

 go
os

e/N
eth

erl
an

ds
/1/

20
06

|H6N
2|G

oo
se

CY
18

35
80

-A
/m

al
la

rd
/S

we
de

n/
22

3/
20

02
|H

10
N2

|M
al

la
rd

KX978844-A/m
allard duck/

Netherla
nds/2

4/2009|H6N1|M
allard

dralla
M|4

N7
H|6002/101S

O60/dnalyra
M/dralla

m/A-126302Y
C

KJ645769-A/Gainesville/05/2014|H1N1|Human

KX
97

83
14

-A
/m

all
ar

d d
uc

k/N
eth

er
lan

ds
/33

/20
14

|H
10

N7|M
all

ar
d

M
H

501825-A/ruddy turnstone/N
ew

 Jersey/AI12-2544/2012|H
9N

1|R
uddy Turnstone

MK731733-A/New York/WC-LVD-12-035/2012|H1N1|Human

M
H

yddur/A-551795
ut

otsnr
1/era

wale
D/en

610
3

2/89
enotsnruT

yddu
R|2

N9
H|300

MG280056-A/Northern shoveler/Ohio/16OS5078/2016|H10N7|Northern Shoveler

CY165546-A/mallard/Sweden/80106/2008|H4N3|Mallard

KX
97

82
36

-A
/m

al
la

rd
 d

uc
k/

Ne
th

er
la

nd
s/

16
/2

00
6|

H1
0N

7|
M

al
la

rd

MH501713-A/ruddy turnstone/New Jersey/AI12-1992/2012|H10N7|Ruddy Turnstone

CY195897-A/gull/M
assachusetts/14W

P00071/2014|H4N4|G
ull

CY013248-A/m
allard/Ohio/338/1986|H4N8|M

allard

KJ
/d

ra
ll

a
m/

A-
31

38
65

O
h

N9
H|

31
02

/6
58

3S
O3

1/
oi

2|
dr

all
a

M

60
H

M
8

13
4

en
ot

sn
ru

T
yd

du
R|

2
N9

H|
71

02
/1

80
2-

71
IA

G
U/

ye
sr

eJ
we

N/
en

ot
sn

ru
t

yd
du

r/
A-

KX351750-A/northern shoveler/California/1628V/2013|H6N8|Northern Shoveler

KF69
52

23
-A

/m
all

ard
/Swed

en
/54

/20
03

|H6N
1|M

all
ard

enotsnruT
yddu

R|5
N9

H|3002/0446101/yesreJ
we

N/enotsnrut
yddur/A-526795

H
M

MG280162-A/common goldeneye/Wisconsin/16OS4100/2016|H10N1|Common Goldeneye

 Teal

MH57
87

23
-A

/ru
dd

y t
urn

sto
ne

/D
ela

ware
 B

ay
/11

9/2
00

7|H
12

N5|R
ud

dy
 Tu

rns
ton

e

M
K6

27
90

5-
A/

ru
dd

y t
ur

ns
to

ne
/D

ela
wa

re
 B

ay
/5

08
/2

00
8|

H1
2N

5|
Ru

dd
y T

ur
ns

to
ne

MH733644-A/sanderling/Delaware Bay/402/2012|H16N3|Sanderling

M
H5

01
83

3-
A/

ru
dd

y t
ur

ns
to

ne
/N

ew
 Je

rs
ey

/A
I1

2-
25

49
/2

01
2|H

12
N8

|R
ud

dy
 T

ur
ns

to
ne

CY166452-A/m
allard/W

isconsin/11O
S3491/2011|H4N2|M

allard

CY140969-A/blue-winged teal/Texas/AI09-4463/2009|H4N
8|Blue-W

inged Teal

JX030406-A/mallard/Korea/SH38-45/2010|H13N2|Mallard

KY
57

52
28

-A
/n

or
th

er
n 

pi
nt

ai
l/C

al
ifo

rn
ia

/A
H

00
11

94
8/

20
15

|H
7N

7|
N

or
th

er
n 

Pi
nt

ai
l

KX978828-A/greater w
hite-fro

nted goose/Netherlands/6/2011|H6N8|Goose

MK995694-A/American Wigeon/California/D1717063/2017|H6N1|American Wigeon

CY165750-A/mallard/Sweden/101294/2009|H4N9|Mallard

CY
18

40
47

-A
/m

al
la

rd
/S

we
de

n/
60

06
9/

20
07

|H
12

N5
|M

al
la

rd

KX977787-A/barnacle goose/Netherlands/1/2010|H6N8|Barnacle Goose

KP896499-A/harlequin duck/
Alaska

/250/2014|H10N7|Duck

G
Q

17
61

44
-A

/m
in

k/
Sw

ed
en

/3
90

0/
19

84
|H

10
N4

|W
ea

se
l

MH59
73

00
-A

/ru
dd

y t
urn

sto
ne

/D
ela

ware
/42

17
31

/20
01

|H10
N2|R

ud
dy

 Tu
rns

ton
e

MK628067-A/red knot/Delaware Bay/433/2013|H10N2|Red Knot

CY144852-A/ru
ddy turnsto

ne/New Je
rse

y/1
148668/2

004|H10N8|Ruddy T
urnsto

ne

MF693968-A/European herring gull/Netherlands/3/2015|H16N3|European Herring Gull

M
F1

46
65

8-
A/

Be
wi

ck
 s

wa
n/

Ne
th

er
la

nd
s/

1/
20

14
|H

12
N1

|B
ew

ick
 s

 S
wa

n

CY13
68

88
-A

/sh
ore

bir
d/D

ela
ware

 B
ay

/72
/19

96
|H

10
N7|S

ho
reb

ird

M
F147992-A/m

allard
duck/Sw

eden/139647/2012|H
15N

5|M
allard

CY195655-A/gull/Massachusetts/12JR00662/2012|H16N3|Gull

MK159108-A/Germany/18909686/2015|H1N1|Human

MK978848-A/whooper swan/Iwate/21/2017|H6N8|Whooper Swan

MN938054-A/ruddy turnstone/South Carolina/UGAI18-059/2018|H10N2|Ruddy Turnstone

llu
G

gnihguaL|1
N9

H|3002/5/E
D/llug

gnihgual/A-024400Y
C

to
nK

de
R|

7
N7

H|
98

91
/5

23
/J

N/t
on

k
de

r/
A-

18
95

00
Y

C

CY133553-A/long-tailed duck/Wisconsin/10OS3918/2010|H14N8|Long-Tailed Duck

LC339643-A/duck/Hokkaido/W215/2006|H4N9|Waterfowl

/N

M
H

34
17

90
-A

/ru
dd

y 
tu

rn
st

on
e/

N
ew

 J
er

se
y/

U
G

AI
15

-3
17

2/
20

15
|H

7N
1|

R
ud

dy
 T

ur
ns

to
ne

CY017701-A/m
allard/Ohio/324/1988|H4N6|M

allard

C
Y1

83
36

8-
A/

m
al

la
rd

/S
w

ed
en

/2
83

4/
20

03
|H

8N
4|

M
al

la
rd

es
oo

G|
2

N9
H|

70
02

/6
3-

02
/a

er
oK

/e
so

og
de

tn
orf

-e
ti

h
w/

A-
54

63
96

CK

KX978159-A/m
allard duck/

Netherla
nds/7

8/2006|H6N8|M
allard

dr
all

a
M|

7
N7

H|
51

02
/2

/s
dn

alr
eh

te
N/

kc
ud

dr
all

a
m/

A-
58

19
79

XK

M
N4

31
08

6-
A/

M
al

la
rd

/O
hi

o/
18

O
S1

28
0/

20
18

|H
7N

1|
M

al
la

rd

M
F575270-A/m

allard duck/N
etherlands/86/2008|H

7N
1|M

allard

MF146200-A/yellow-legged gull/Georgia/1/2011|H13N8|Gull

CY002624-A/New York/230/2003|H1N1|Human

KY063984-A/blue-winged teal/Lousiana/UGAI14-1009/2014|H10N7|Blue-Winged Teal

CY13
68

72
-A

/sh
ore

bir
d/D

E/23
/96

|H
10

N9|S
ho

reb
ird

CY001064-A/New York/51/2003|H3N2|Human

CY02
09

25
-A

/m
all

ard
/O

hio
/12

2/1
98

9|H
10

N7|M
all

ard

CY1
83

99
1-

A/
mall

ar
d/S

wed
en

/13
35

46
/20

11
|H

10
N4|M

all
ar

d

JX454745-A/wild duck/Korea/SH5-26/2008|H4N6|Duck

C
63

0Y
01

0
A-

60
02

/1
-9

94
91

/k
ro

Y
we

N/
ne

kc
ih

c/
|H

ne
kc

ih
C|

2
N7

MH443556-A/Massachusetts/33/2014|H3N2|Human

CY088382-A/England/532/2003|H3N2|Human

C
Y1

33
64

9-
A/

no
rth

er
n 

sh
ov

er
l/M

is
si

ss
ip

pi
/1

1O
S1

45
/2

01
1|

H
7N

9|
N

or
th

er
n 

Sh
ov

el
er

CY184496-A/black-headed gull/Sweden/87533/2009|H16N3|Black-Headed Gull

CY145663-A/ruddy turnstone/New Jersey/Sg-00551/2008|H6N6|Ruddy Turnstone

MH501096-A/laughing gull/New Jersey/AI13-2912/2013|H10N7|Laughing Gull

CY221582-A/Indiana/12/2017|H1N1|Human

CY043537-A/Kyoto/08K056/2009|H1N1|Human

MK628126-A/red knot/Delaware Bay/420/2013|H10N7|Red Knot

CY
18

34
01

-A
/m

al
la

rd
/S

we
de

n/
59

32
/2

00
5|

H1
0N

7|
M

al
la

rd

CY137722-A/shorebird/Delaware Bay/379/2008|H10N8|Shorebird

CY140788-A/mallard/Minnesota/AI09-3100/2009|H6N3|Mallard

M
F9

59
96

7-
A/

ru
dd

y t
ur

ns
to

ne
/N

et
he

rla
nd

s/2
/2

00
9|

H1
0N

4|
Ru

dd
y T

ur
ns

to
ne

KX979488-A/European herring gull/Netherlands/1/2010|H16N3|European Herring Gull

CY089733-A/Boston/40/2009|H3N2|Human

CY241746-A/environment/New Jersey/UGAI16-2271/2016|H10N9|Environment

CY
14

56
47

-A
/ru

dd
y 

tu
rn

st
on

e/
De

la
wa

re
/S

g-
00

54
0/

20
08

|H
12

N4
|R

ud
dy

 T
ur

ns
to

ne

LC
49

63
16

-A
/d

uc
k/S

him
an

e/
32

11
03

/2
01

0|
H1

0N
4|

W
at

er
fo

wl

CY114413-A/Netherlands/348/2007|H3N2|Human

en
ot

sn
ru

T
yd

du
R|

3
N7

H|
69

91
/5

31
/y

aB
er

a
wa

le
D/

en
ot

sn
ru

t
yd

du
r/

A-
69

12
01

Y
C

CY
01

64
19

-A
/m

al
la

rd
/O

hi
o/

40
9/

19
88

|H
12

N5
|M

al
la

rd

CY13
69

20
-A

/la
ug

hin
g g

ull
/D

ela
ware

 B
ay

/24
5/1

99
6|H

10
N2|L

au
gh

ing
Gull

CY091029-A/Illinois/NHRC0002/2005|H3N2|Human

MH637731-A/Baltimore/R0145/2017|H3N2|Human

MK637241-A/ruddy turnstone/Delaware Bay/486/2014|H16N3|Ruddy Turnstone

ocsi
W/eyenedlog

no
m

moc/A-921331Y
C

ns
in

/1
0O

S4
20

2/
20

G
no

m
mo

C|6
N7

H|01
ol

de
ne

ye

MK495325-A/Moscow/3/2019|H1N1|Human

MH57
87

22
-A

/ru
dd

y t
urn

sto
ne

/D
ela

ware
 B

ay
/10

6/2
00

7|H
12

N1|R
ud

dy
 Tu

rns
ton

e

MF147605-A/European herring gull/Netherlands/1/2006|H4N6|European Herring Gull

M
N

480525-A/w
ild duck/South Korea/KN

U
2018-113/2018|H

7N
1|D

uck

CY172535-A/New York/1049/2006|H1N1|Human

CY145021-A/ruddy turnstone/New Jersey/Sg-00490/2008|H10N7|Ruddy Turnstone

CY190691-A/mallard/Maryland/08OS3074/2008|H10N7|Mallard

C
Y1

83
56

4-
A/

m
al

la
rd

/S
w

ed
en

/9
93

77
/2

00
9|

H
8N

4|
M

al
la

rd

C
Y1

34
29

5-
A/

no
rth

er
n 

sh
ov

el
er

/C
al

ifo
rn

ia
/3

67
6/

20
10

|H
8N

2|
N

or
th

er
n 

Sh
ov

el
er

C
Y1

02
99

9-
A/

sa
nd

er
lin

g/
D

el
aw

ar
e 

Ba
y/

44
9/

20
06

|H
9N

2|
ilrednaS
ng

MK928244-A/Northern Shoveler/Nevada/D1615770/2016|H10N9|Northern Shoveler

8
N

M
663

2
R/A-3

u
enotsnruT

ydd
le

D/
era

wa
713/

2/
0

|91
H

ddu
R|5

N9
y

Tu
rn

enots

C
Y146513-A/m

allard/Arkansas/AI09-5649/2009|H
9N

2|M
allard

M
K9

95
72

8-
A/

C
in

na
m

on
 T

ea
l/C

al
ifo

rn
ia

/D
18

00
49

6/
20

18
|H

7N
3|

C
in

na
m

on
 T

ea
l

CY004250-A/mallard/ALB/199/1992|H6N5|Mallard

LC339595-A/duck/Hokkaido/W
118/2014|H4N6|W

aterfowl

tn
e

mn
ori

vn
E|

7
N7

H|
41

02
/8

74
W/

ae
ro

K/t
ne

mn
ori

vn
e/

A-
55

77
92

XK

C
Y1

66
78

4-
A/

no
rth

er
n 

sh
ov

el
er

/M
is

sis
si

pp
i/1

1O
S5

90
0/

20
11

|H
8N

1|
N

or
th

er
n 

Sh
ov

el
er

CY137762-A/shorebird/Delaware Bay/55/2009|H10N7|Shorebird

CY126872-A/laughing gull/D
elaware Bay/4

/1990|H6N8|Laughing Gull

CY
06

03
74

-A
/m

al
la

rd
/S

we
de

n/
7/

20
03

|H
10

N8
|M

al
la

rd

MH501062-A/herring gull/New Jersey/AI09-1273/2009|H10N7|Herring Gull

CY146897-A/northern shoveler/California/2696/2011|H14N2|Northern Shoveler

M
N

03
74

23
-A

/tu
rk

ey
/In

di
an

a/
14

03
-1

/2
01

6|
H

7N
8|

Tu
rk

ey

 Turnstone

CY164568-A/mallard/Sweden/50709/2006|H4N5|Mallard

KX
35

15
95

-A
/m

al
la

rd
/C

al
ifo

rn
ia

/L
D

C
33

1/
20

15
|H

7N
3|

M
al

la
rd

CY004094-A/laughing gull/N
J/2

76/1989|H6N8|Laughing Gull

CY190995-A/mallard/Maryland/11OS3701/2011|H6N1|Mallard

MH251201-A/American wigeon/California/LDC523/2016|H6N1|American Wigeon

KM244092-A/chicken/Texas/9686-3/2014|H6N5|Chicken

M
K9

28
21

2-
A/

M
al

la
rd

/U
ta

h/
D

16
15

28
0/

20
16

|H
7N

8|
M

al
la

rd

G
oldeneye

CY13
67

37
-A

/ru
dd

y t
urn

sto
ne

/N
ew

 Je
rse

y/1
46

/19
90

|H
10

N7|R
ud

dy
 Tu

rns
ton

e

CY137
538-A/sh

orebird
/Delaware Bay/1

0/2
004

|H10
N7|Shore

bird

CY127654-A/shorebird/Delaware Bay/124/2001|H6N2|Shorebird

MK627575-A/semipalmated sandpiper/Delaware Bay/160/2013|H10N7|Semipalmated Sandpiper

M
K7

2
1404
-A

/ru
nrut

ydd
ots

le
D/en

era
wa

enotsnruT
yddu

R|2
N7

H|1102/282/yaB

MN431031-A/Mallard/Ohio/18OS0552/2018|H6N8|Mallard

KX97
83

89
-A/ga

dw
all 

du
ck/

Neth
erl

an
ds

/1/
20

11
|H6N

2|D
uc

k

CY144667-A/ruddy turnstone/New Jersey/AI06-582/2006|H6N7|Ruddy Turnstone

CY133169-A/m
allard/W

isconsin/10O
S3169/2010|H4N9|M

allard

CY164248-A/mallard/Sweden/814/2002|H4N9|Mallard

MH501601-A/ruddy turnstone/New Jersey/AI11-2046/2011|H10N3|Ruddy Turnstone

CY126920-A/ruddy tu
rnsto

ne/Delaware Bay/2
55/1991|H6N2|Ruddy T

urnsto
ne

KX620113-A/shorebird/Delaware Bay/548/2012|H6N1|Aquatic Bird

KY561272-A/mallard/Ohio/15OS5649/2015|H10N1|Mallard

C
Y0

g
nacire

mA/A-80397
r

laeT
degni

W-neer
G|7

N7
H|9002/640S

O90/ippississi
M/laet

degni
w-nee

KC

dri
B|

2
N9

H|
50

02
/9

3
G8

/a
er

oK
/d

ri
b

dli
w/

A-
00

59
02

CY005958-A/ruddy turnstone/NJ/47/1985|H4N6|Ruddy Turnstone

C
Y184520-A/m

allard/Sw
eden/1645/2002|H

7N
7|M

allard

CY127445-A/laughing gull/Delaware Bay/296/1998|H16N3|Laughing Gull

CY056947-A/Aarhus/INS82/2009|H1N1|Human

KY
55

09
12

-A
/m

al
la

rd
/T

en
ne

ss
ee

/A
H

00
39

71
3/

20
16

|H
7N

1|
M

al
la

rd

CY078723-A/mallard/Interior Alaska/9BM1852/2009|H10N5|Mallard

C
Y1

40
67

9-
A/

m
al

la
rd

/M
in

ne
so

ta
/A

I0
9-

18
67

/2
00

9|
H

8N
4|

M
al

la
rd

M
K

en
ot

sn
ru

T
yd

du
R|

2
N9

H|
11

02
/4

64
/y

aB
er

a
wa

le
D/

en
ot

sn
ru

t
yd

du
r/

A-
46

67
26

CY126303-A/kn
ot/D

elaware Bay/5
26/1988|H6N8|Knot

KJ013297-A/bean goose/Korea/220/2011|H
9N

2|G
oose

KX978524-A/m
a

e
N/

kc
ud

dr
all

therlands/1/2013|H
7N

7|M
allard

CY125606-A/mallard/Quebec/02916-1/2009|H16N3|Mallard

KY
55

07
47

-A
/n

or
th

er
n 

sh
ov

el
er

/N
ev

ad
a/

AH
00

09
32

8/
20

15
|H

7N
8|

N
or

th
er

n 
Sh

ov

KX979356-A/mallard duck/Netherlands/30/2011|H6N4|Mallard

M
K3

45
58

4-
A/

ru
dd

y t
ur

ns
to

ne
/D

ela
wa

re
 B

ay
/1

77
/2

01
8|

H1
2N

8|
Ru

dd
y T

ur
ns

to
ne

MH50
12

89
-A

/ru
dd

y t
ur

ns
ton

e/N
ew

 Je
rse

y/A
I07

-8
16

/20
07

|H
12

N5|R
ud

dy
 Tu

rn
sto

ne

CY015127-A/ruddy tu
rnsto

ne/Delaware/105/1998|H6N8|Ruddy T
urnsto

ne

C
Y1

84
59

2-
A/

m
al

la
rd

/S
w

ed
en

/5
41

/2
00

2|
H

8N
4|

M
al

la
rd

MK928164-A/Green-Winged Teal/Utah/D1615513/2016|H10N7|Green-Winged Teal

CY127032-A/sh
orebird/Delaware Bay/2

9/1994|H6N8|Shorebird

MH57
90

94
-A

/ru
dd

y t
ur

ns
ton

e/D
ela

war
e B

ay
/28

4/2
00

6|H
12

N4|R
ud

dy
 Tu

rn
sto

ne

LC
33

96
67

-A
/d

uc
k/

Ho
kk

ai
do

/W
26

/2
01

2|
H1

2N
1|

Du
ck

CY166589-A/m
allard/W

isconsin/11O
S3407/2011|H4N9|M

allard

MF682848-A/black-headed gull/Georgia/5/2012|H13N6|Gull

CY1
44

53
1-

A/
ru

dd
y t

ur
ns

ton
e/D

ela
war

e/A
I03

-11
8/2

00
3|H

12
N5|R

ud
dy

 Tu
rn

sto
ne

CY032704-A/American wigeon/California/HKWF371/2007|H6N5|American Wigeon

kc
u

D|
2

N9
H|

60
02

/2
/s

dn
alr

eh
te

N/
kc

ud
ll

a
wd

ag
/A

-5
41

87
9X

K

CY114221-A/Netherlands/1/1995|H3N2|Human

M
F3

57
74

0-
A/

ch
ic

ke
n/

Te
nn

es
se

e/
17

-0
07

14
7-

1/
20

17
|H

7N
9|

C
hi

ck
en

JX465640-A/aquatic bird/Korea/CN5/2009|H6N5|Aquatic Bird

CY097654-A/m
allard/O

hio/2031/2009|H4N9|M
allard

CY088721-A/avian/Japan/8KI0148/2008|H4N2|Avian

M
G

28
05

42
-A

/lo
ng

-ta
ile

d 
du

ck
/W

is
co

ns
in

/1
6O

S4
70

7/
20

16
|H

7N
4|

D
uc

k

MN795049-A/mallard/Ohio/18OS2787/2018|H6N1|Mallard

CY08
95

57
-A

/m
all

ard
/O

hio
/42

/19
89

|H
10

N6|M
all

ard

CY18413

rd/Sweden/50980/2

9|Mallard

CY187168-A/blue winged-teal/W
isconsin/12O

S4224/2012|H4N8|Blue-W
inged Teal

C
Y133373-A/m

allard/M
issouri/10O

S4670/2010|H
9N

2|M
allard

KT
88

72
59

-A
/b

lu
e-

w
in

ge
d 

te
al

/L
ou

is
ia

na
/U

G
AI

14
-1

06
/2

01
4|

H
7N

1|
Bl

ue
-W

in
ge

d 
Te

al

MN430782-A/Common Goldeneye/Wisconsin/18OS3210/2018|H10N7|Common Goldeneye

KM373938-A/Northern shoveler/Alaska/ND0006934/2013|H10N7|Northern Shoveler

yddu
R/A-356638

N
M

le
D/enotsnruT

02/591/era
wa

ruT
yddu

R|9
N9

H|91
enotsn

M
N

43
07

62
-A

/C
om

m
on

 G
ol

de
ne

ye
/W

is
co

ns
in

/1
8O

S3
38

9/
20

18
|H

7N
3|

C
om

m
on

 G
ol

de
ne

ye

MK628096-A/ruddy turnstone/Delaware Bay/416/2013|H10N1|Ruddy Turnstone

C
Y021421-A/turkey/Italy/1351/2001|H

7N
1|Turkey

JX454769-A/wild bird/Korea/YS109/2007|H4N6|Bird

/2

enotsnruT
yddu

R|2
N9

H|3002/411-30IA/era
wale

D/enotsnrut
yddur/A-384441Y

C

LC496336-A/mallard/Kagoshima/KG1C/2017|H4N9|Mallard

CY120603-A/northern shoveler/California/3046/2010|H4N3|Northern Shoveler

CY185625-A/yellow-legged gull/Republic of Georgia/1/2013|H13N8|Gull

C
Y157526-A/northern pintail/C

alifornia/3100/2011|H
9N

2|N
orthern Pintai

CY003136-A/New York/409/2002|H3N2|Human

MH501313-A/ruddy turnstone/New Jersey/AI09-066/2009|H10N7|Ruddy Turnstone

CY01
61

64
-A

/gr
ee

n-w
ing

ed
 te

al/
Ohio

/86
/19

86
|H

6N
2|G

ree
n-W

ing
ed

 Te
al

CY076832-A/northern shoveler/California/JN950/2006|H10N7|Northern Shoveler

KY56

CY010740-A/New York/644/1995|H1N1|Human

KT
88

7

laeT
degni

W
eulB|7

N7
H|4102/548-41IA

G
U/anaisiuoL/laet

degni
w-eulb/A-814

MN809352-A/Wild duck/South Korea/1804/

LC
49

62
84

-A
/d

uc
k/O

ka
ya

m
a/

33
11

11
/2

01
4|H

10
N7

|W
at

er
fo

wl

CY
18

36
77

-A
/m

al
la

rd
/S

we
de

n/
58

12
/2

00
5|

H1
0N

9|
M

al
la

rd

CY027571-A/Colorado/UR06-0534/2007|H3N2|Human

M
H5

97
42

9-
A/

ru
dd

y 
tu

rn
st

on
e/

De
la

wa
re

/6
50

64
4/

20
02

|H
12

N5
|R

ud
dy

 T
ur

ns
to

ne

CY
13

33
57

-A
/A

m
er

ica
n 

gr
ee

n-
wi

ng
ed

 te
al/

M
iss

ou
ri/

10
OS4

62
2/

20
10

|H
12

N4
|A

m
er

ica
n 

Gre
en

-W
ing

ed
 Te

al

CY239376-A/glaucous-winged gull/Southcentral Alaska/16MB00031/2016|H16N3|Gull

M
K9

95
83

3-
A/

No
rth

er
n 

Sh
ov

el
er

/C
al

ifo
rn

ia
/D

17
15

96
1/

20
17

|H
8N

4|
No

rth
er

n 
Sh

ov
el

er

CY241193-A/ruddy turnstone/New Jersey/UGAI16-1256/2016|H10N1|Ruddy Turnstone

CY004258-A/pintail/A
LB/179/1993|H6N1|Pintail

M
N

483253-A/w
ild duck/South Korea/KN

U
18-107/2018|H

7N
7|D

uck

M
F146091-A/m

allard duck/N
etherlands/40/2011|H

7N
1|M

allard

Gull

CY
13

35
61

-A
/lo

ng
-ta

ile
d 

du
ck

/W
isc

on
sin

/1
0O

S3
91

9/
20

10
|H

10
N6

|L
on

g-
Ta

ile
d 

Du
ck

MH502608-A/ruddy turnstone/New Jersey/AI13-2978/2013|H10N2|Ruddy Turnstone

KX978114-A/m
allard duck/N

etherlands/2/2009|H
7N

7|M
allard

dralla
M|2

N9
H|4002/6417/nede

wS/dralla
m/A-521481Y

C

KX97
88

30
-A/gr

ea
ter

 whit
e-f

ron
ted

 go
os

e/N
eth

erl
an

ds
/1/

20
09

|H6N
8|G

oo
se

CY
18

38
31

-A
/m

all
ar

d/
Sw

ed
en

/9
34

75
/2

00
9|

H1
0N

6|
M

al
lar

d

KY130843-A/emperor goose/Alaska
/602/2012|H10N7|Goose

CY
00

59
25

-A
/m

all
ar

d/
Al

be
rta

/5
2/

19
97

|H
12

N5
|M

all
ar

d

CY166210-A/mallard/Wisconsin/11OS3577/2011|H6N5|Mallard

MK928228-A/Northern Shoveler/California/D1616217/2016|H14N3|Northern Shoveler

M
F5

75
06

0-
A/

m
al

la
rd

 d
uc

k/
Ne

th
er

la
nd

s/
83

/2
00

8|
H1

2N
5|

M
al

la
rd

C
Y1

90
68

3-
A/

Am
er

ic
an

 b
la

ck
 d

uc
k/

M
ar

yl
an

d/
08

O
S1

72
5/

20
08

|H
8N

4|
Am

er
ic

an
 B

la
ck

 D
uc

k

MN431097-A/American Green-winged Teal/Mississippi/18OS3627/2018|H10N3|Green-Winged Teal

 Shoveler

CY012816-A/m
allard/Ohio/97/1989|H4N2|M

allard

CY134311-A/America
n wigeon/Califo

rnia/2930/2011|H10N3|America
n W

igeon

CY001776-A/New York/288/1999|H3N2|Human

C
Y1

83
57

2-
A/

m
al

la
rd

/S
w

ed
en

/1
01

16
5/

20
09

|H
8N

4|
M

al
la

rd

CY13
65

98
-A

/kn
ot/

Dela
ware

 B
ay

/25
61

/19
87

|H
10

N5|K
no

t

LC
33

96
99

-A
/d

uc
k/

Ho
kk

ai
do

/W
Z1

6/
20

08
|H

10
N9

|D
uc

k

MK627759-A/ruddy turnstone/Delaware Bay/352/2009|H10N7|Ruddy Turnstone

MK627713-A/red knot/Delaware Bay/126/2011|H10N6|Red Knot

rd/M
innesota/Sg-010

11N2|M
allard

127

2005

CY088572-A/aquatic bird/Korea/CN5/2009|H6N5|Aquatic Bird

CY186764-A/northern shoveler/Missouri/12OS5755/2012|H10N3|Northern Shoveler

CY01
48

80
-A

/ch
ick

en
/N

ew
 Yo

rk/
14

67
7-1

3/1
99

8|H
6N

2|C
hic

ke
n

J
58

N
30

82
ih

c/
A-

c
H|

90
02

/9
0J

S
W

U
NK

/a
er

oK
/n

ek
ih

C|
2

N9
ne

kc

CY185585-A/black-headed gull/Republic of Georgia/4/2012|H16N3|Black-Headed Gul

M
H5

46
32

3-
A/

bl
ue

-w
in

ge
d 

te
al

/S
ou

th
 C

ar
ol

in
a/

16
-0

42
57

0-
1/

20
16

|H
7N

1|
Bl

ue
-W

in
ge

d 
Te

al

CY164931-A/mallard/Sweden/52371/2006|H4N1|Mallard

e

CY165920-A/mallard/Sweden/101900/2009|H4N3|Mallard

CY
18

38
23

-A
/m

all
ar

d/
Sw

ed
en

/6
97

92
/2

00
7|

H1
0N

5|
M

all
ar

d

/Illinois/3051/2009|H
1

M
K9

28
22

0-
A/

N
or

th
er

n 
Sh

ov
el

er
/C

al
ifo

rn
ia

/D
16

14
93

3/
20

16
|H

8N
4|

N
or

th
er

n 
Sh

ov
el

er

CY006001-A/sh
orebird

/DE/122/2004|H10N7|Shorebird

CY190963-A/mallard/Maryland/09OS2237/2009|H10N6|Mallard

CY136606-A/herring gull/Delaware Bay/2617/1987|H16N3|Herring Gull

MN637889-A/Delaware/39/2019|H3N2|Human

CY186772-A/mallard/Missouri/12OS5756/2012|H10N7|Mallard

/duck/Fra

MH501070-A/laughing gull/New Jersey/AI13-1937/2013|H16N3|Laughing Gull

CY
18

54
17

-A
/m

all
ar

d/
Re

pu
bli

c o
f G

eo
rg

ia/
1/

20
10

|H
10

N7
|M

all
ar

d

670Y
C

elevohS
nrehtro

N|7
N7

H|7002/461-78244/ainrofila
C/relevohs

nrehtron/A-183

r

M
K6

27
79

5-
A/

ru
dd

y 
tu

rn
st

on
e/

D
el

aw
ar

e 
Ba

y/
31

1/
20

09
|H

8N
4|

R
ud

dy
 T

ur
ns

to
ne

CY127799-A/shorebird/Delaware Bay/424/2007|H13N9|Shorebird

803

KR087564-A/black-headed gull/Netherlands/7/2009|H13N2|Black-Headed Gull

KU201864-A/Ame

96340/2015|H5N1|American

CY185569-A/black-headed gull/Republic of Georgia/2/2012|H13N6|Black-Headed Gull

CY127016-A/sh
orebird/Delaware Bay/2

22/1993|H6N8|Shorebird

CY134335-A/bufflehead/California/3118/2011|H4N8|Bufflehead

M
K5

92
49

3-
A/

du
ck

/H
ok

ka
id

o/
56

/2
01

7|
H1

2N
2|

Du
ck

CY043888-A/shorebird/Delaware/221/2006|H13N9|Shorebird

KT
88

73
86

-A
/b

lu
e-

w
in

ge
d 

te
al

/L
ou

is
ia

na
/U

G
AI

14
-5

23
/2

01
4|

H
7N

3|
Bl

ue
 W

in
ge

d 
Te

al

CY09
76

38
-A

/no
rth

er
n p

int
ail

/M
iss

ou
ri/3

19
/20

09
|H

12
N5|N

or
the

rn
 P

int
ail

MK627867-A/sanderling/Delaware Bay/166/2009|H10N7|Sanderling

MH59
70

99
-A

/re
d k

no
t/N

ew
 Je

rse
y/A

I07
-35

1/2
00

7|H
12

N5|R
ed

 K
no

t

MN210131-A/Common Eider/M
assachusetts/A00165665/2006|H10N2|Common Eider

LC
49

62
92

-A
/d

uc
k/S

ag
a/

41
11

14
/2

01
3|H

10
N3

|W
at

er
fo

wl

C
Y

06
81

01
en

ot
sn

ru
T

yd
du

R|
9

N7
H|

00
02

/8
35

1-
00

IA
/e

ra
wa

le
D/

en
ot

sn
ru

t
yd

du
r/

A-

KU310447-A/chic

N1|Chicken

MF147061-A/European herring gull/Netherlands/2/2014|H16N3|European Herring Gull

MH578653-A/semipalmated sandpiper/Delaware Bay/68/2004|H13N9|Semipalmated Sandpiper

LC
33

96
03

-A
/d

uc
k/

Ho
kk

ai
do

/W
13

2/
20

04
|H

12
N5

|D
uc

k

CY014937-A/pintail duck/New York/155/1982|H4N3|Pintail

KY
81

88
11

-A
/c

hi
ck

en
/T

en
ne

ss
ee

/1
7-

00
71

47
-2

/2
01

7|
H

7N
9|

C
hi

ck
en

CY

-A/ruddy turnstone/Delaware Bay/

y Turnstone

M

 Turnstone

KY561022-A/mallard/Ohio/16OS0620/2016|H10N7|Mallard

93
00

4
N

M
c/

A-
1

2/
21

-8
95

49
2J

N/
wo

cs
o

M/
ne

kc
ih

|7
10

ek
ci

h
C|

2
N7

H
n

es
oo

G|
2

N9
H|

51
02

/5
70

3-
51

IA
G

U/
ak

sa
lA

/e
so

og
gn

il
kc

ac
/A

-5
54

01
3

UK

MH501030-A/gull/New Jersey/UGAI15-3416/2015|H13N6|Gull

CY127622-A/shorebird/Delaware Bay/259/2000|H6N1|Shorebird

CY185665-A/yellow-legged gull/Republic of Georgia/6/2012|H13N6|Gull

CY144659-A/bufflehead/North Carolina/NC6412-125/2005|H4N8|Bufflehead

CY241063-A/environment/New Jersey/UGAI16-1117/2016|H10N2|Environment

KU641621-A/swine/M
issouri/A01727926/2015|H4N6|Swine

CY127389-A/ruddy turnstone/Delaware Bay/203/1996|H6N2|Ruddy Turnstone

LC018991-A/duck/Hokkai

Waterfowl

MK237431-A/mallard/Ohio/17OS5632/2017|H10N7|Mallard

CY164440-A/mallard/Sweden/5709/2005|H4N2|Mallard

CY
18

36
05

-A
/m

al
la

rd
/S

we
de

n/
76

8/
20

02
|H

10
N6

|M
al

la
rd

CY113437-A/Netherlands/738/1989|H3N2|Human

M
F5

75
23

5-
A/

Eu
ra

sia
n

wi
ge

on
/N

et
he

rla
nd

s/3
/2

00
7|

H1
0N

1|
Eu

ra
sia

n 
W

ige
on

KX979234-A/mallard duck/Netherlands/18/2007|H4N6|Mallard

C
Y195817-A/gull/M

assachusetts/13JR
00943/2013|H

9N
1|G

ull

DQ464354-A/swan/Germany/R65/2006|H5N1|Swan

emipalmated Sandpiper

MH59
70

19
-A

/re
d k

no
t/D

ela
ware

/82
82

03
/20

01
|H

10
N7|R

ed
Kno

t

C
Y0

34
15

9-
A/

no
rth

er
n 

sh
ov

el
er

/C
al

ifo
rn

ia
/H

KW
F1

32
5/

20
07

|H
8N

4|
N

or
th

er
n 

Sh
ov

el
er

MG280044-A/Northern shoveler/Missouri/16OS6248/2016|H14N7|Northern Shoveler

MF146

black-headed

 Gull

e

 Turnstone

2010|H
1

KR
870237-A/duck/Pennsylvania/02099/2012|H

11N
9|D

uck

CY190331-A/mallard/Maryland/06OS2409/2006|H10N4|Mallard

C
Y1

44
53

9-
A/

ru
dd

y 
tu

rn
st

on
e/

N
ew

 J
er

se
y/

A
u

R|7
N9

H|3002/821-30I
dd

y 
Tu

rn
st

on
e

MH597091-A/re
d kn

ot/N
ew Je

rse
y/8

28235/2001|H6N5|Red Knot

CY167070-A/long-tailed duck/Wisconsin/11OS4520/2011|H6N9|Duck

CY127008-A/ruddy tu
rnsto

ne/Delaware Bay/3
7/1993|H6N8|Ruddy T

urnsto
ne

CY005933-A/herring gull/Delaware/712/1988|H16N3|Herring Gull

CY002192-A/New York/366/2004|H3N2|Human

KY
55

11
11

-A
/A

m
er

ic
an

 g
re

en
-w

in
ge

d 
te

al
/T

ex
as

/A
H

00
58

65
1/

20
16

|H
7N

2|
Am

er
ic

an
 G

re
en

-W
in

ge
d 

Te
al

CY240964-A/environment/New Jersey/UGAI16-1064/2016|H10N8|Environment

M
N794954-A/long-tailed duck/W

isconsin/18OS2983/2018|H4N6|Duck

1

ird

MK696134-A/dunlin/Delaware Bay/391/2012|H13N6|Dunlin

MK730042-A/New York/WC-LVD-11-036/2011|H3N2|Human

C
Y132859-A/m

allard/Illinois/10O
S3249/2010|H

11N
2|M

allard

M
F1

46
19

6-
A/

Eu
ra

sia
n 

wi
ge

on
/N

et
he

rla
nd

s/
2/

20
09

|H
12

N5
|E

ur
as

ia
n 

W
ig

eo
n

CY113269-A/Netherlands/209/1980|H3N2|Human

C
Y0

43
91

2-
A/

sh
or

eb
ird

/D
el

aw
ar

e/
24

9/
20

06
|

berohS|2
N9

H
ird

MF1
47

32
7-

A/m
all

ar
d d

uc
k/N

eth
er

lan
ds

/2/
20

14
|H

10
N7|M

all
ar

d

MG279883-A/Northern shoveler/Mississippi/16OS6114/2016|H10N9|Northern Shoveler

CY000593-A/New York/147/1999|H3N2|Human

relevohS
nrehtro

N|3
N7

H|7002/463-78244/ainrofila
C/relevohs

nrehtron/A-924670Y
C

M
H

50
12

09
-A

/ru
dd

y 
tu

rn
st

on
e/

D
el

aw
ar

e/
AI

10
-1

03
7/

20
10

|H
8N

4|
R

ud
dy

 T
ur

ns
to

ne

M
H

73
t

yddur/A-9563
ur

ns
to

ne
/D

a
wale

re
 B

ay
/2

9
enotsnruT

yddu
R|1

N9
H|3002/4

CY032908-A/Am
erican wigeon/California/HKW

F450/2007|H4N7|Am
erican W

igeon

CY
18

37
50

-A
/m

al
la

rd
/S

we
de

n/
51

72
6/

20
06

|H
10

N4
|M

al
la

rd

CY196403-A/glaucous-winged gull/Southcentral Alaska/11JR00366/2011|H16N3|Gull

MT197152-A/Mallard/Ohio/19OS0172/2019|H10N4|Mallard

M
F682642-A/m

allard duck/Netherlands/49/2010|H4N6|M
allard

KJ847700-A/Caspian seal/Russia/T1/2012|H4N6|Sea Mammal

CY135487-A/mallard/Interior Alaska/9BM3379R0/2009|H10N7|Mallard

KY
56

13
29

-A
/m

al
la

rd
 d

uc
k/

O
hi

o/
15

O
S7

67
5/

20
15

|H
7N

7|
M

al
la

rd

CY133069-A/m
allard/W

isconsin/10O
S2659/2010|H4N2|M

allard

KX978318-A/Eurasian w
igeon/N

etherlands/2/2008|H
7N

4|Eurasian W
igeon

CY005962-A/ruddy turnstone/DE/512/1988|H4N6|Ruddy Turnstone

CY005932-A/herring gull/NJ/782/1986|H13N2|Herring Gull

CY206659-A/mallard/Minnesota/AI09-4345/2009|H6N1|Mallard

CY127750-A/shorebird/Delaware Bay/146/2005|H11N6|Shorebird

KY013672-A

e

I14-1519/2014|H1

to
nK

de
R|

7
N7

H|
49

91
/2

42
/y

aB
er

a
wa

le
D/t

on
k

de
r/

A-
59

85
81

Y
C

CY
18

36
53

-A
/m

al
la

rd
/S

we
de

n/
42

58
/2

00
4|

H1
0N

4|
M

al
la

rd

KX
97

84
94

-A
/m

al
la

rd
 d

uc
k/

Ne
th

er
la

nd
s/

2/
20

07
|H

10
N7

|M
al

la
rd

AB937721-A/duck/Hokkaido/WZ82/2013|H16N3|Mallard

CY127177-A/herring gull/Delaware Bay/106/1995|H11N2|Herring Gull

MN210308-A/Mew Gull/Southcentral Alaska/18MB01898/2018|H16N3|Mew Gull

KX
97

81
92

-A
/m

al
la

rd
 d

uc
k/

Ne
th

er
la

nd
s/

1/
20

07
|H

10
N7

|M
al

la
rd

CY094437-A/cinnamon teal/California/HKWF1111C/2007|H5N7|Cinnamon Tea

KX
97

86
40

-A
/m

all
ar

d d
uc

k/N
eth

er
lan

ds
/47

/20
10

|H
10

N7|M
all

ar
d

dr
all

a
M|

7
N7

H|
31

02
/3

1/
sd

na
lr

eh
te

N/
kc

ud
dr

all
a

m/
A-

99
39

79
XK

C
04

2Y
78

ne
/A

-9
iv

J
we

N/t
ne

mn
or

e
es

r
A

G
U/

y
77

80
-6

1I
02

/
iv

nE
|2

N9
H|

61
or

mn
ne t

12
61

20
Y

C
-A

dr
all

a
M|

8
N7

H|
78

91
/1

24
/o

ih
O/

dr
all

a
m/

CY060220-A/mallard/Netherlands/12/2001|H4N2|Mallard

CY039564-A/greater white-fronted goose/California/AKS617/2007|H6N1|Greater White-Fronted Goose

KM654828-A/Connecticut/Flu166/2013|H3N2|Human

CY167240-A/American green-winged teal/Mississippi/12OS405/2012|H10N7|Green-Winged Teal

MH501265-A/ruddy turnstone/Delaware/Sg-00472/2008|H10N7|Ruddy Turnstone

AB535131-A/whistling swan/Shim 2002|H5N3|Swan

MG280191-A/common goldeneye/Wisconsin/16OS4147/2016|H10N3|Common Goldeneye

KX
97

78
89

-A
/m

all
ar

d 
du

ck
/N

et
he

rla
nd

s/1
/2

00
9|

H1
0N

7|
M

all
ar

d

M
K2

36
74

6-
A/

co
m

m
on

 g
ol

de
ne

ye
/W

isc
on

sin
/1

7O
S5

79
4/

20
17

|H
12

N5
|C

om
m

on
 G

ol
de

ne
ye

KX979208-A/black-headed gull/Netherlands/39/2009|H13N6|Gull

dri
be

ro
hS

|5
N7

H|
49

91
/4

72
/y

aB
er

a
wa

le
D/

dri
be

ro
hs

/A
-8

01
20

1Y
C

CY

 Turnstone

C
Y

nk
de

r/
A-

80
34

41
/t

o
D

ra
wa

le
00

2/
56

60
56

/e
to

nK
de

R|
3

N7
H|

2

enotsnruT
yddu

R|1
N9

H|9102/631/era
wale

D/enotsnruT
yddu

R/A-937418
N

M

CY015467-A/m
allard/Ohio/83/1986|H4N6|M

allard

CY185657-A/black-headed gull/Republic of Georgia/9/2011|H13N8|Black-Headed Gull

MH596954-A/dunlin/Delaware/AI00-1459/2000|H11N2|Dunlin

M
K414724-A/Eurasia

eg
i

W
n

on
N/

dn
alr

eh
te

s/5/2007|H
7N

7|Eurasian W
igeon

284-A

entral Ala

1147/2018|H11N9|Least Sandpiper

MH596962-A/enviro
nment/D

elaware/650574/2002|H6N8|Enviro
nment

MK239073-A/Iowa/38/2017|H3N2v|Human

MH637468-A/Baltimore/R0232/2018|H3N2|Human

CY19
02

91
-A

/m
all

ard
/M

ary
lan

d/0
6O

S18
6/2

00
6|H

10
N4|M

all
ard

CY
18

46
08

-A
/m

al
la

rd
/S

we
de

n/
23

3/
20

02
|H

10
N8

|M
al

la
rd

MH597381-A/ruddy turnstone/Delaware/650612/2002|H11N3|Ruddy Turnstone

M
H5

78
68

7-
A/

sh
or

eb
ird

/D
ela

wa
re

 B
ay

/3
67

/2
00

8|
H1

2N
5|

Aq
ua

tic
 B

ird

C
Y1

02
72

8-
A/

sh
o

driberohS|2
N9

H|3002/721/yaB
era

wale
D/driber

CY
18

62
84

-A
/m

all
ar

d/
Sw

ed
en

/1
02

21
4/

20
09

|H
10

N1
|M

all
ar

d

C
Y021405-A/turkey/Italy/4580/1999|H

7N
1|Turkey

MK237308-A/mallard/W
isconsin/17OS3889/2017|H11N2|Mallard

MH597641-A/ru
ddy tu

rnsto
ne/New Je

rse
y/1

016447/2003|H6N8|Ruddy T
urnsto

ne

CY239408-A/herring gull/Massachusetts/A00080255/2006|H13N2|Herring Gull

CY138137-A/lesser black-backed gull/Iceland/145/2010|H11N2|G
ull

A/ruddy turnstone/New Jersey/650678/2002|H11N1|Ruddy Turnstone

CY003472-A/New York/443/2001|H1N1|Human

M
G

27
99

37
-A

/s
co

te
r/M

ar
yla

nd
/1

6O
S2

53
1/

20
16

|H
7N

6|
Sc

ot
er

CY014722-A/duck/Minnesota/1516/1981|H5N2|Duck

KT887402-A/blue-winged teal/Louisia
na/UGAI14-821/2014|H10N3|Blue W

inged Te
al

CY01
61

24
-A

/bl
ac

k d
uc

k/O
hio

/30
7/1

98
7|H

6N
2|B

lac
k D

uc
k

M
H5

97
50

3-
A/

ru
dd

y t
ur

ns
to

ne
/D

ela
wa

re
/8

28
19

9/
20

01
|H

12
N7

|R
ud

dy
 T

ur
ns

ton
e

CY187184-A/Am
erican green-winged teal/W

isconsin/12O
S4281/2012|H4N2|G

reen-W
inged Teal

MH57
91

88
-A

/ru
dd

y t
urn

sto
ne

/D
ela

ware
 B

ay
/44

2/2
00

7|H
12

N5|R
ud

dy
 Tu

rns
ton

e

MH596987-A/environment/New Jersey/AI00-2413/2000|H13N6|Environment

CY184015-A/mallard/Sweden/418/2002|H11N9|Mallard

MF145713-A/mallard duck/Netherlands/38/2008|H5N3|Mallard

CY060190-A/common teal/Netherlands/9/2000|H11N9|Teal

MH540583-A/Massachusetts/24/2018|H1N1|Human

en
ot

sn
ru

T
yd

du
R|

7
N7

H|
88

91
/8

73
2/

E
D/

en
ot

sn
ru

t
yd

du
r/

A-
08

95
00

Y
C

KJ620415-A/Minnesota/14/2012|H1N2|Human

en
ot

sn
ru

T
yd

du
R|

9
N9

H|
88

91
/7

92
2/

ai
ni

gri
V/

en
ot

sn
ru

t
yd

du
r/

A-
70

51
01

Y
C

M
H5

78
81

2-
A/

ru
dd

y t
ur

ns
to

ne
/D

ela
wa

re
 B

ay
/3

41
/2

00
8|

H1
2N

5|
Ru

dd
y T

ur
ns

to
ne

yd
du

R|
9

N7
H|

59
91

/0
22

/y
aB

er
a

wa
le

D/
en

ot
sn

ru
t

yd
du

r/
A-

35
27

21
Y

C
en

ot
sn

ru
T

95
00

Y
C

2
r/

A-
8

u
yd

d
e

N/
en

ot
sn

ru
t

/5
6/

ye
sr

eJ
w

1
N7

H|
58

9
3|R

uddy T
en

ot
sn

ru

M
N430861-A/G

reater Scaup/W
isconsin/18O

S2140/2018|H4N8|G
reater Scaup

9

CY
18

38
15

-A
/m

all
ar

d/
Sw

ed
en

/6
97

77
/2

00
7|

H1
0N

6|
M

all
ar

d

M
F145837-A/m

allard duck/N
etherlands/23/2013|H

7N
3|M

allard

na
wS

s
kci

weB|2
N9

H|6002/4/sdnalrehte
N/na

ws
skci

web/A-007779XK

AI09-5234/2009|H1

 Teal

KU
29

00
71

-A
dralla

m/
/N

eb
ra

sk
a/

A0
07

09
65

7/
20

09
H|

7N
dralla

M|3

CY097526-A/lesser scaup/Illin
ois/4115/2009|H10N7|Lesser S

caup

CY13
69

81
-A

/sh
ore

bir
d/D

ela
ware

 B
ay

/18
0/1

99
9|H

10
N7|S

ho
reb

ird

CY003761-A/New York/400/2003|H1N2|Human

KY983132-A/northern shoveler/California/HS249/2015|H10N3|Northern Shoveler

wale
D/driberohs/A-471770Y

C

ar
e/

55
4/

20
07

driberohS|1
N9

H|

MH502420-A/ruddy turnstone/New Jersey/AI13-2750/2013|H10N7|Ruddy Turnstone

MK345888-A/ruddy turnstone/Delaware Bay/498/2018|H6N5|Ruddy Turnstone

CY141049-A/mallard/Arkansas/AI09-6032/2009|H10N9|Mallard

M
H733725-A/dunlin/Delaware Bay/286/2013|H11N2|Dunlin

KX979368-A/bean goose/N
etherlands/1/2009|H

7N
1|G

oose

KX979190-A/greater w
hite

-fro
nted goose

/Netherla
nds/3

/2006|H6N8|Goose

MK628113-A/ruddy turnstone/Delaware Bay/387/2013|H10N7|Ruddy Turnstone

10
Y

C
60

05
C/

A-
da

na
40

5v
r/

a
02

/
40

na
mu

H|
3

N7
H|

CY032892-A/bufflehead/California/HKW
F205/2007|H4N8|Bufflehead

LC371770-A/duck/Hokkaido/1058/2001|H4N5|Duck

CY190723-A/mallard/Maryland/08OS3097/2008|H10N8|Mallard

dr
all

a
M|

7
N7

H|
11

02
/1

/s
dn

alr
eh

te
N/

kc
ud

dr
all

a
m/

A-
42

59
79

XK

CY134383-A/mallard/California/2529/2010|H6N1|Mallard

C
Y186292-A/m

allard/Sw
eden/1621/2002|H

7N
9|M

allard

CY167620-A/Tennessee/F2054A/2011|H3N2|Human

CY079396-A/northern sh
oveler/M

issi
ssip

pi/09OS168/2009|H10N6|Northern Shoveler

CY014929-A/m
allard duck/New York/194/1982|H4N8|M

allard

C
Y1

83
52

3-
A/

m
al

la
rd

/S
w

ed
en

/5
11

56
/2

00
6|

H
8N

4|
M

al
la

rd

CY166800-A/northern shoveler/M
ississippi/11O

S6077/2011|H11N2|Northern Shoveler

CY204658-A/surf scoter/Maryland/14OS1407/2014|H10N6|Scoter

MK627591-A/red knot/Delaware Bay/124/2013|H10N1|Red Knot

MH578717-A/ruddy turnstone/Delaware Bay/333/2008|H10N7|Ruddy Turnstone

CY
18

46
40

-A
/m

al
la

rd
/S

we
de

n/
60

39
/2

00
5|

H1
0N

4|
M

al
la

rd

M
F6

82
90

3-
A/

m
all

ar
d 

du
ck

/G
eo

rg
ia/

1/
20

14
|H

10
N7

|M
all

ar
d

LC
49

62
76

-A
/d

uc
k/

Ku
m

am
ot

o/
43

03
19

/2
00

9|
H1

0N
4|

W
at

er
fo

wl

dr
all

a
M|

2
N9

H|
90

02
/5

87
99

/n
ed

e
wS

/d
ra

ll
a

m/
A-

18
14

81
Y

C

CY035198-A/Siena/3/1988|H3N2|Human

KY
01

37
64

-A
/b

lu
e-

w
in

ge
d 

te
al

/L
ou

is
ia

na
/U

G
AI

15
-1

36
7/

20
15

|H
7N

9|
Bl

ue
-W

in
ge

d 
Te

al

M
G

280271-A/green-winged teal/O
hio/16O

S3692/2016|H4N2|Eurasian Teal

LC415034-A/duck/Miyazaki/CAD-1/2016|H4N2|Mallard

CY136729-A/herring gull/Delaware Bay/712/1988|H16N3|Herring Gull

MH59
72

28
-A

/ru
dd

y t
ur

ns
ton

e/D
ela

war
e/1

01
64

25
/20

03
|H

12
N4|R

ud
dy

 Tu
rn

sto
ne

MF359882-A/mallard/Alberta/383/2009|H5N5|Mallard

M
H

59
7

A-971
le

D/enotsnrut
yddur/

1/era
wa

enotsnruT
yddu

R|9
N9

H|3002/404610

/A-572092
UK

on
rt

eh
nr

600A/noger
O/relevohs

N7
H|8002/61645

relevohS
nrehtro

N|3

CY

lard duck/Tenne

457/1985|H11N9|Mallard

MH57
91

65
-A

/ru
dd

y t
urn

sto
ne

/D
ela

ware
 B

ay
/53

0/2
00

7|H
12

N5|R
ud

dy
 Tu

rns
ton

e

CY083910-A/Aalborg/INS132/2009|H1N1|Human

MF6
82

68
6-

A/
mall

ar
d d

uc
k/N

eth
er

lan
ds

/50
/20

10
|H

10
N7|M

all
ar

d

MF575034-A/black-headed gull/Netherlands/21/2014|H11N1|Gull

CY032656-A/northern sh
oveler/C

alifo
rnia/HKWF1005/2007|H10N3|Northern Shoveler

M
H

574757-A/m
agpie robin/C

alifornia/28709-5/1993|H
7N

8|M
agpie R

obin

M
H

57
r/A-7568
ud

dy

enotsnruT
yddu

R|1
N9

H|3002/86/yaB
era

wale
D/enotsnrut

CY076277-A/north
ern sh

oveler/W
ashington/44249-700/2006|H10N1|North

ern Shoveler

C
Y157502-A/northern shoveler/C

alifornia/6535/2009|H
9N

2|N
orthern Shoveler

C
Y1

44
69

9-
A/

ru
dd

y 
tu

rn
st

on
e/

N
ew

 J
er

se
y/

AI
06

-5
39

/2
00

6|
H

9N
2|

R
ud

dy
 T

ur
ns

to
ne

70Y
C

/A-9836
no

relevohS
nrehtro

N|6
N7

H|7002/58972/ainrofila
C/relevohs

nrehtr

CY098532-A/aquatic bird/Korea/W69/2005|H6N5|Bird

LC318880-A/whooper swan/Fukushima/1/2016|H5N6|Whooper Swan

KX978776-A/mallard duck/Netherlands/7/2014|H6N2|Mallard

KX979452-A/mallard duck/Netherlands/26/2011|H11N9|Mallard

CY166394-A/greater sc
aup/W

isc
onsin

/11
OS5760/2011|H10N2|Greater S

caup

KX917604-A/Idaho/24/2016|H3N2|Human

MH546355-A/common murre/Alaska/16-000949-1/2016|H5N9|Common Murre

CY136534-A/shorebird/Delaware Bay/369/2008|H10N7|Shorebird

CY0
38

35
4-

A/
no

rth
er

n s
ho

ve
ler

/In
ter

ior
 A

las
ka

/1/
20

07
|H

12
N5|N

or
the

rn
 S

ho
ve

ler

MK345902-A/laughing gull/Delaware Bay/453/2018|H16N3|Laughing Gull

M
K237829-A/hooded m

erganser/W
isconsin/17O

S5556/2017|H4N8|Hooded M
erganser

KX978295-A/mallard duck/Netherlands/27/2009|H4N6|Mallard

KX351564-A/northern shoveler/California/1670V/2013|H11N9|Northern Shoveler

M
N783489-A/ruddy turnstone/Delaware Bay/45/2019|H11N9|Ruddy Turnstone

LC
374920-A/duck/Japan/AQ

-H
E28-3/2016|H

7N
9|M

uscovy D
uck

58
60

H
M

dd
ur/

A-
72

t
y

e
N/

en
ot

sn
ru

w
 

02
/5

77
2-

71
IA

G
U/

ye
sr

eJ
17|H

9N
en

ot
sn

ru
T

yd
du

R|
7

CY0
06

00
8-

A/
ru

dd
y t

ur
ns

ton
e/D

ela
war

e/9
7/2

00
0|H

12
N5|R

ud
dy

 T
ur

ns
ton

e

CY076325-A/m
allard/W

ashington/44256-522/2006|H

KX
97

81
93

-A
/m

all
ar

d d
uc

k/N
eth

er
lan

ds
/31

/20
13

|H
10

N7|M
all

ar
d

noegi
W

naisaruE|2
N9

H|5002/4/sdnalrehte
N/noegi

w
naisaruE/A-222575F

M

CY125309-A/hooded merganser/New Brunswick/03750/2009|H13N6|Hooded Merganser

C
Y183433-A/m

allard/Sw
eden/124987/2010|H

7N
7|M

allard

MF146410-A/black-headed gull/Netherlands/15/2009|H16N3|Gull

MH068655-A/ruddy turnstone/New Jersey/UGAI17-2989/2017|H5N7|Ruddy Turnstone

C
Y1

83
49

1-
A/

m
al

la
rd

/S
w

ed
en

/7
24

2/
20

04
|H

8N
4|

M
al

la
rd

MN210244-A/Glaucous-Winged Gull/Southcentral Alaska/18MB02150/2018|H16N3|Gull

CY004282-A/shorebird/DE/12/2004|H6N8|Shorebird

CY127895-A/shorebird/Delaware Bay/707/2009|H6N2|Shorebird

C
Y144389-A/ruddy turnstone/N

ew
 Jersey/650599/2002|H

9N
9|R

uddy Turnstone

MH59
75

68
-A

/ru
dd

y t
urn

sto
ne

/D
ela

ware
/AI00

-15
64

/20
00

|H
10

N3|R
ud

dy
 Tu

rns
ton

e

CY112893-A/Netherlands/414/1998|H3N2|Human

LC
49

63
08

-A
/d

uc
k/S

him
an

e/
60

/2
01

0|H
10

N7
|W

at
er

fo
wl

M
F

dr
all

a
M|

5
N7

H|
41

02
/8

/s
dn

alr
eh

te
N/

kc
ud

dr
all

a
m/

A-
96

75
41

KX978851-A/greater white-fronted goose/Netherlands/5/2010|H5N3|Goose

M
H7

33
73

0-
A/

sla
ty-

ba
ck

ed
 g

ull
/D

ela
wa

re
 B

ay
/1

01
/2

01
4|

H1
2N

4|
Sl

at
y-

Ba
ck

ed
 G

ull

M
N794986-A/lesser scaup/W

isconsin/18O
S3138/2018|H11N2|Lesser Scaup

C
Y0

60
24

9-
A/

m
al

la
rd

/S
w

ed
en

/2
4/

20
02

|H
8N

4|
M

al
la

rd

CY
14

06
15

-A
/ri

ng
-n

ec
ke

d 
du

ck
/M

in
ne

so
ta

/S
g-

01
06

6/
20

08
|H

12
N8

|R
in

g-
Ne

ck
ed

 D
uc

k

CY096978-A/Am
erican black duck/W

isconsin/2542/2009|H4N
2|Am

erican Black Duck

CY03
95

72
-A/no

rth
ern

sh
ov

ele
r/C

alif
orn

ia/
HKWF96

/20
07

|H10
N7|N

ort
he

rn 
Sho

ve
ler

CY
13

31
09

-A
/b

uf
fle

he
ad

/W
isc

on
sin

/1
0O

S3
20

4/
20

10
|H

12
N5

|B
uf

fle
he

ad

CY
18

40
23

-A
/m

al
la

rd
/S

we
de

n/
22

13
/2

00
3|

H1
2N

5|
M

al
la

rd

H14

H15

Group 1

Group 2

https://www.cdc.gov/flu/vaccines-work/past-seasons-estimates.html
https://www.cdc.gov/flu/vaccines-work/past-seasons-estimates.html


134  |     FUKUYAMA et Al.

epitopes with the strain bias. On the other hand, memory B cells 
have been speculated to express protective antibodies recognizing 
subdominant stem epitopes of drifted virus (Figure 3A). This idea 
was initially based on studies of the antibody response in humans 
to vaccination with the pandemic 2009 H1N1 influenza vaccine, 
which showed that individuals who had lower levels of pre-existing 
antibodies to this pandemic type virus generated broadly reactive 
anti-stem memory responses. Moreover, these antibodies of plasma-
blasts derived from several branches of the clonotypes’ phylogeny 
over two consecutive years had undergone somatic hypermutation 
(SHM).17 These observations suggested that those plasmablasts 
were activated from memory B cells.

Supporting the collateral roles of memory B cells against drifted 
viruses, Purtha et al showed that mouse memory B cell responses to 
West Nile virus retain the ability to engage variant viruses, whereas 
antibody derived from LLPCs is poorly able to inhibit the variant 
viruses. More recently, mouse and human studies have further 
strengthened this concept. In a mouse model infection (Narita in-
fluenza infection followed by re-infection with Narita or PR8 virus), 
pre-existing antibodies secreted by LLPCs protected from the ho-
mologous challenge (Narita re-infection), whereas protection from 
heterologous challenge (PR8 re-infection) required memory B cell 
activation. These memory B cells were mostly GC-experienced and 
primarily directed toward the conserved HA stem regions.20 In addi-
tion, human longitudinal studies of Dengue and Zika virus responses 
showed that memory B cell responses are more diverse (cross-re-
active with both Dengue and Zika) than those of LLPC-derived 
antibodies.21

Further question will be whether influenza HA stem-specific 
memory B cells can differentiate into LLPCs and secrete anti-stem 
antibodies for long time? Miller et al22 performed a longitudinal 
study of serum antibody titers against HA stem. The titer increases 
over 20-year period. Further Nachbagauer also reported that the el-
derly had the highest antibody titers against the stem.23 However, 
immunodominance of specific region of the HA such as head globular 

domain might interfere the anti-stem humoral responses upon con-
ventional vaccination17 as we discuss later.

2.3 | Potential mechanisms by which broadly 
reactive GC B cells enter the memory B cell 
compartment

Then, in the case of influenza, how do broadly reactive GC B cells 
enter the memory B cell pool, rather than the LLPC pool? While 
many previous GC studies have focused on understanding how the 
B cells undergo maturation toward the production of higher-affinity 
antibodies,24,25 there has been an increased realization that the GC 
responses simultaneously support the development of a diverse 
population of antigen-specific B cells. Excellent reviews have been 
published describing recent progress in GC biology,26,27 which are 
highly recommended to the reader.

Considering these recent advances in GC biology, at least three 
non-mutually exclusive possible mechanisms for the generation of 
anti-stem antibodies can be envisaged (Figure 3B). First, since almost 
100 clones are known to be able to enter the GC response in an in-
dividual GC,28 anti-stem B cell clones can have a chance to get into 
a GC. Because inter-clonal selection seems to be not so stringent 
during the early GC period, anti-stem GC cells could be maturated 
to some extent during the early time point. During GC reactions, 
memory B cells with not so high-affinity antibodies are preferentially 
generated at early time points,29,30 and these anti-stem GC cells are 
allowed to enter the memory pool during this time frame. According 
to this temporal model, at a later time point these anti-stem clones 
are outcompeted by immunodominant anti-head clones. Second, as 
another type of regulation, GC diversity may be promoted by anti-
body-mediated feedback, as dominant GC clones bearing antibodies 
specific for particular epitopes, for instance in the head region, give 
rise to plasma cells that secrete antibody that masks these epitopes, 
thereby enhancing the selection of clones that bind other epitopes, 

F I G U R E  2   Hemagglutinin head 
and stem and their conserved 
regions. Structure view of trimerized 
hemagglutinin proteins of influenza 
virus. A homotrimer shown as a sphere 
model. HA1 and HA2 are colored in 
green and blue, respectively. The other 
polypeptides of HAs are depicted as a 
ribbon model. Conserved amino acids 
among group 1 influenza viruses are 
colored in gold overlaid on the model on 
the left. Amino acids of the C179 binding 
region are colored in red. These views 
were generated by Protean 3D using the 
structure PDB 4HLZ
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for instance in an originally subdominant stem region. In this case, GC 
clones with anti-stem antibodies would not necessarily come up only 
at the early phase. Finally, as mentioned above, many of the unmu-
tated germline ancestors of anti-stem antibodies are autoreactive. 
In this regard, studies of Sabouri et al have important implications.31 
They showed that autoreactive GC B cells first acquire mutations 
that decrease their affinity for both the self-antigen and foreign 
antigen. This state may be positively selected during GC reactions, 
because the large decrease in receptor occupancy by self-antigen 
reciprocally permits increased uptake of the foreign antigen, thereby 
obtaining increased T cell help. Then, these GC cells might have a 
better chance to be recruited into the memory B cell pool.

2.4 | Re-diversification of pre-existing memory B cells

In the case of HIV vaccination, iterative entry of memory B cells into 
GC reactions is thought to be required for the generation of more 
broadly neutralizing antibodies to various HIV variants. Indeed, the 
known antibodies with this capability have a remarkably large num-
ber of mutations generated by SHM. Hence, it will be important to 
know whether conventional influenza vaccination induces reentry of 
pre-existing, particularly broadly reactive, memory B cells into GCs 
and, if not, to understand why this does not take place.

To this end, two human studies analyzed B cell repertoires upon 
conventional influenza vaccination. Since they could not directly 
analyze GC reactions, these studies had to employ blood samples. 
Lau et al32 sorted CD20loCD38hiCD27+ plasmablasts at day 7 and 
CD27+CD21lo B cells and classical CD27+CD21hi memory B cells at 
day 14. (CD21lo cells are thought to be another subset of memory B 
cells, being more prone to differentiate into plasmablasts upon anti-
gen stimulation.) Ellebedy et al33 sorted HA-specific plasmablasts at 
day 7 and HA-specific CD20+ memory B cells at day 14 (a mixture of 
CD21lo and CD21hi memory B cells). Both studies demonstrated some 
clonal overlap (~30%) between plasmablasts and memory B cells, in-
dicating that an individual B cell clone can generate both plasmablasts 
and memory B cells. The clones found in day 7 HA-specific plasmab-
lasts and day 14 HA-specific CD20+ memory B cells were present in 
the pre-existing memory B cell population, indicating that pre-exist-
ing memory B cells were indeed activated. Importantly, both studies 
showed no overall increase in SHM over time in these de novo gener-
ated plasmablasts and memory B cells after conventional vaccination.

Differing from the above two human studies analyzing whole 
anti-HA B cells, Andrews et al traced specifically anti-stem human 
memory B cells using H7N9 monovalent inactivated vaccine for H7N9-
naive adults.34 Upon vaccination, pre-existing memory B cells to the 

F I G U R E  3   Two humoral memory compartments, LLPCs and 
memory B cells. A, Immunodominant head-specific LLPCs and 
sub-immunodominant stem-specific memory B cells. The head 
region of HA contains epitopes that are immunodominant during 
infection or vaccination, while the stem region is subdominant. 
Antibodies against the head region have relatively higher affinity 
than those against the stem region and are usually strain-specific. 
The immunodominant head region-specific B cells differentiate 
into LLPCs. In contrast, the subdominant stem region-specific B 
cells become memory B cells that are potentially cross-reactive 
with other virus strains. B, Three mechanisms of generating stem-
specific memory B cells. As described in Figure 3A, stem-specific 
B cells enter the memory B cell pool (Scenario 1). Once individuals 
are infected or vaccinated, antibodies against the head region are 
dominantly induced and continue to be produced. Those pre-
existing head-specific antibodies mask the HA head epitope in 
a subsequent challenge so that unmasked stem-specific B cells 
are able to respond and become memory cells (Scenario 2). Since 
several HIV and influenza bnAbs likely bind to self-antigens, those 
Abs are believed to be derived from a B cell repertoire with low 
affinity for self-antigens. Eventually, those B cells undergo SHM 
that triggers an override to recognize the stem region of HA. Those 
activated B cells can enter the memory pool (Scenario 3)

(A)

(B)
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stem region expanded, but these expanded B cells underwent little 
additional SHM. In contrast, naive or freshly generated memory B cells 
specific for H7N9 head epitopes evolved and maturated over several 
months. Collectively, these three human studies indicate that, upon 
vaccination with the current influenza vaccine, pre-existing memory B 
cells, particularly anti-stem memory B cells, can be activated, but it is 
difficult for them to enter the GC and undergo further diversification.

A mouse study has reached the same conclusion and provided 
more mechanistic insights into why pre-existing memory B cells can-
not be recruited into GCs. Their experiments used a prime-boost 
mouse model (influenza PR8 infection followed by vaccination with 
homologous PR8 HA proteins). Upon secondary vaccination, re-
call GCs were mostly derived from new naive B cells, but not from 
pre-existing memory B cells.35

So, why then do pre-existing memory B cells, upon conventional vac-
cination, behave in a seemingly non-beneficial way for us (Figure 4)? First, 
previous transfer experiments demonstrate that memory B cells defined 
by surface IgG expression or by markers of more mature memory pheno-
type are prone to differentiate into plasmablasts,36 rather than entering 
into GCs. Such types of memory B cells prone to plasmablasts might be 
preferentially activated, probably because of their higher affinity for the 
secondary antigen. Second, it is generally thought that memory B cells 
have higher affinity and are present at higher precursor frequencies than 
naive B cells specific for the same antigen. However, given that several 
different memory subsets coexist, only one of which has the propensity 
to enter GCs, the actual number of generated memory B cells capable of 
entering the GC might be small. In contrast, the number of naive B cells 
with sufficient affinity to enter a primary GC reaction is large. Hence, the 
precursor frequency of memory B cells capable of reentering GCs might 
be very small. Finally, in contrast to transfer experiments into naive mice, 
in non-transfer conditions, negative feedback by pre-existing and/or de 
novo generated antibodies might operate, which could limit GC entry of 
clones specific for epitopes targeted by these antibodies. It will be im-
portant to elucidate which mechanisms are predominantly responsible 
for the inability of memory B cells to reenter the GC.

3  | DESIGN OF UNIVERSAL VACCINES 
INDUCING ANTI-STEM ANTIBODIES

It is likely that an effective vaccination approach for influenza will 
depend on several rounds of vaccination and the generation of mem-
ory B cells with good quality of anti-stem antibodies at each round 
that can further reenter the GC. So, the important factors are as 
follows: (a) Which kind of antibodies these memory B cells should 
have; (b) which immunogen design should be used; and (c) how we 
can recruit memory B cells into GCs.

3.1 | Which kind of antibodies

Do antibodies induced by vaccination require neutralization activ-
ity? Antibodies raised by the seasonal vaccine are directed to the 

globular head of HA and block virus entry into host cells. The level 
of HA inhibition activity reflecting the blocking level of virus entry is 
well-correlated with neutralization activity and in vivo protection. In 

F I G U R E  4   Mechanisms by which pre-existing memory B 
cells are at a disadvantage for GC entry. (Scenario 1) In transfer 
experiments, memory B cells are prone to become plasmablasts 
without entering the GC. (Scenario 2) Naive B cells have sufficient 
affinity, and the majority of them are licensed to enter the GC. 
Although memory B cells are believed to have high affinity and 
should be licensed to enter the GC, in fact, only a small subset of 
memory B cells has the capacity to enter the GC. (Scenario 3) Pre-
existing antibodies can mask epitopes that are supposed to guide 
memory B cells to enter the GC so that the number of memory B 
cells able to enter the GC is limited

LLPCs
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the mouse model, Fc receptor–mediated antibody-dependent cellu-
lar cytotoxicity (ADCC) plays an important role in in vivo protection 
through37 (Figure 5). Adding the neutralizing activity to the ADCC 
activity will certainly enhance protection in vivo. However, to what 
degree ADCC contributes to in vivo protection over neutralization 
activity in humans has not yet been determined. Another interesting 
question is whether the way an antibody recognizes antigen is also 
important to its ADCC function. Ravetch's group reported that bnAb 
targeting to the HA stem also carry out ADCC.38,39 Inducing these 
dual functioned antibodies by vaccination ideally would maximize 
the efficacy of a universal vaccine.

Several structural studies of the protein complex of HA and 
bnAbs have been performed. Surprisingly, these antibodies, in-
cluding FI6v3,40 CR9114,41 CR6261,42 CR8020,43 and S9-3-3744 
from humans and C17910 from mouse, recognize a common 
structural epitope of the hydrophobic groove formed by the 
HA1 and HA2 domains. These findings clearly demonstrate that 
the area of the epitope with broadly neutralizing activity is very 
narrow.

3.2 | Which immunogen should be used?

How can we induce activation of B cells harboring stem-specific 
antibodies? In the past, several attempts were made to develop a 
universal vaccine. In 1996, Sagawa et al45 first expressed a headless 
HA (A/Okuda/57 (H2N2)) on CV-1 cells and used them to immunize 
mice. They could show limited cross-protection against influenza 
viruses A/FM/1/47 (H1N1). In 2010, Bommakanti et al46 designed 
an HA2-based immunogen and showed cross-strain protection but 
not the cross-subtypic protection. In 2013, Palese's group generated 
a series of recombinant chimeric HAs with variable globular head 
domains and stem domains.47 Sequential immunization with these 
chimeric HAs predominantly induced production of stem-specific 
antibodies. The strategies described above did demonstrate cross-
protection from virus challenges but not cross-neutralization. In 
2015, protein structure–based design and screenings provided two 
headless HA recombinant proteins that could induce cross-protec-
tion.48,49 One of them even showed the induction of broadly neu-
tralizing antibodies using the pre-clinical adjuvant matrix M.49 These 

F I G U R E  5   Two major functions of antibodies for protection. Antibodies directly target viruses and prevent their entry into the host cell 
by blocking the virus-host cell interaction (1) or membrane fusion (2). Recent studies also demonstrated that some antibodies can inhibit 
the virus neuraminidase activity (3) critical for virus budding.82 In addition, after virus infection, viral envelope proteins expressed on the 
infected cell surface are opsonized by antibodies. Effector cells, for example, NK cells, recognize these antibody-opsonized infected cells 
via their Fc receptors and then eliminate the infected cells by antibody-dependent cellular cytotoxicity
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structure studies clearly showed the importance of conformation of 
the HA to fully induce broadly neutralizing and protective antibod-
ies. Surprisingly, many of these stem-targeted bnAbs shared a com-
mon conformational epitope with C179.11 Targeting this small region 
of the conformational epitope is a challenge for designing a stable 
vaccine antigen.

For immunogen design, two concerns exist. First, choosing an 
antigen epitope enabling induction of autoantibody had better 
be avoided. There exists a trade-off between autoreactivity and 
breadth of the cross-reactive antibody. Various BCR transgenic 
mouse studies of bnAbs against HIV demonstrated that bnAbs 
are autoreactive and designated to be inactivated by central toler-
ance.50-55 In fact, Bajic et al19 showed biochemically that 6 influenza 
bnAbs are poly- and self-reactive. Our recent investigation of one 
bnAb revealed that the bnAb-bearing B cell is self-reactive and tar-
geted for receptor editing in vivo (unpublished results). Given these 
observations, we need to design an antigen able to induce antibodies 
that broadly neutralize virus entry and at the same time cannot be a 
target for tolerance. In the case of HIV, the b12 antibody seems to 
be in this category.54

Second, as mentioned above in the mouse prime-boost model, 
only a minority of memory-derived clones reenter the GC, demon-
strating that the constriction of the relatively divergent primary 
memory B cell repertoire takes place by boosting.35 Therefore, in 
order to be efficiently targeted by sequential vaccination, an epitope 
should be rendered dominant from the beginning. Thus, efforts to 
target epitopes of interest by engineering high-affinity germline an-
tibody-targeting immunogens56 or occluding normally immunodom-
inant regions57 are needed.

3.3 | How do memory B cells enter secondary GCs?

As discussed above, at least three factors can be considered to block 
reentry of pre-existing memory B cells into GCs: (a) Among several 
coexisting distinct subsets of memory B cells, there is preferential 
activation of plasmablast-poised memory B cell subsets; (b) the small 
frequency of memory B cells; and (c) negative feedback by antigen-
specific antibodies. In regard to the first issue, skewing to generat-
ing more GC-poised memory B cells seems to be difficult at present, 
because of the factors that control the formation of each memory 
B cell subset which will be an important challenge in this field now. 
For the second point, it is better to use only the target epitope of 
interest (occluding normally immunodominant regions) from the 
outset, thereby increasing the frequency of memory B cells bear-
ing antibodies to the epitope of interest. In regard to the third pos-
sibility, immunogens had better be specifically designed to escape 
antibody feedback by B cell clones already represented in the serum. 
For instance, we would design an antigen consisting of either a “no 
man(antibody)’s land” epitope in the HA protein or a de novo syn-
thetic antigen proficient for vaccine efficacy.

Apart from manipulating memory B cells, fueling TFH (T follic-
ular helper) cells in GC in vaccine development is also important. 

TFH cells control antigen-specific GC responses quantitatively 
and qualitatively. Cognitive interaction between TFH cells and B 
cells through TCR and MHCII in GC facilitates proliferation of anti-
gen-specific B cells and introduction of SHMs in B cells for affinity 
maturation.58 Several human studies showed that the numbers of 
peripheral memory TFH cells are correlated with the amount of HIV 
bnAbs.59,60 Furthermore, an experiment using the macaque animal 
model demonstrated that GC TFH cells are associated with bnAbs.61 
Antigen-specific TFH cells are required for GC expansion, and sev-
eral adjuvants are reported to be able to expand TFH cells. These 
include squalene-based adjuvants such as MF59,62,63 Alum + TLR7 
ligand,63 and other TLR ligands,64-70 and glucopyranosyl lipid adju-
vant-stable emulsion, GLA-SE.71 Hence, adjuvants that facilitate TFH 
formation could contribute to enhancing GC formation and mainte-
nance, which in turn could facilitate recruiting memory B cells into 
recall GCs. In this context, recent observations that IL-12 receptor 
signaling and T-bet in T cells are required for TFH suppression might 
have important implications.72 If mechanisms can be identified that 
suppress Th1 immunity, they might enhance GC reactions through 
facilitating TFH cell differentiation.

Recently, we demonstrated that active vitamin D3 also serves 
as an adjuvant by expanding TFH cells, leading to GC expansion and 
enhanced humoral immune responses. By being repurposed, appli-
cation of the psoriasis drug Oxarol (active vitamin D3 analog) oint-
ment on the skin after intradermal injection of influenza split vaccine 
antigen protected from influenza virus infection.73

4  | CURRENT STATUS AND PERSPEC TIVES

A reasonable goal for the development of a universal influenza vac-
cine has been proposed: “A vaccine with ≥75% protection against 
symptomatic disease caused by group 1 and group 2 influenza A 
viruses lasting ≥12 months in all populations”.74 Currently, several 
universal vaccines are in clinical trials.75,76 The leading candidate 
is M-001: a single polypeptide consisting of three repetitions of 9 
linear, conserved peptides from influenza A and influenza B. These 
peptides are derived from the M1 matrix protein, the nucleoprotein, 
and the conserved regions of the HA.77 The other vaccines in clinical 
trials are MVA-NP + M1, an adenovirus vector expressing NP and M1 
from influenza A, Flu-V, four conserved peptides from NP, M1, and 
M2 to induce T cell responses,78 and OXV83, a recombinant NP in a 
virus-like particle.79 These vaccines mainly induce cellular immunity 
by T cells or ADCC. However, they are not optimal for protecting 
from the infection; more likely, these vaccines would prevent death. 
Vaccines inducing humoral responses are ideal to protect from virus 
infection. H1ssF_3928, composed of an HA stem fused with ferritin 
nanoparticles,48 is in this category and is under clinical trial. Other 
recent preclinical vaccines seem to target humoral responses.

Current progress in the research field of humoral memory re-
sponses based on cellular dynamics provides us with new insights. 
These insights will facilitate development of the ideal universal in-
fluenza vaccine. Different from the trial-and-error type of vaccine 
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development in the past, these mechanistically based vaccine de-
sign strategies should also be easily applied to other vaccines against 
SARS-CoV-2 or other emerging viruses causing respiratory tract 
infections.
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