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Genetic and antigenic analysis to the hemagglutinin of

influenza A HIN1 virus and comparisons with H3N2 virus
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National Chiao Tung University

Abstract

Influenza A virus causes significant morbidity and mortality in humans. HIN1 is
one of the current circulating influenza A subtypes in human. The HIN1 pandemic
occurred in the early 20th century and resulted in approximately 20 million deaths in
the world. Recently, the emerged swine-origin HIN1 virus has infected human
population and cause the 2009 influenza pandemic. Hemagglutinin (HA), which is an
antigenic glycoprotein on the surface of influenza virus, is neutralized by antibodies
during infection or vaccination. Accumulation of mutations on HA can lead to
antigenic drift. The emergence and spread of antigenic variants often requires a new
vaccine strain to be selected before coming epidemic. Most of studies on HA focused
on the H3N2 subtype. However, the genetic evolution and antigenic evolution of the
HA is poor understood for subtype A (HINZ1). To study the genetic and antigenic
evolution of subtype A (H1IN1) is an-emergent issue for public health and vaccine
development.

In this thesis, we performed the genetic and antigenic analysis to the HA of A
(HIN1) viruses. In the sequence level, we collected 1525 HA sequences and used
Shannon entropy to quantify the genetic diversity of each amino acid. In the vaccine
efficacy level, we collected 202 pairs..of Hl-assays from weekly epidemiological
record (WER) and publications in"last “40 years. Based on the collected
Hemagglutination Inhibition (HI) assays, we applied a statistical index to quantify the
antigenic score of each amino acid on HA. Finally, a decision tree tool (C4.5) was
used to build a model for predicting the antigenic variants of HIN1 virus.

We select 30 critical positions of HIN1 hemagglutinin by the genetic and
antigenic analysis. There are 26 positions on the surface of the HA and 9 positions on
the H1N1 epitopes. Based on the genetic and antigenic analysis on HA, we found that
there are two sites with both high genetic diversity and antigenic score in A (H1IN1)
virus. These two sites include one site around the receptor binding site and the other
antigenic site about 45 A distant from receptor binding site. In contrast, there is only
one site, which is around the receptor binding site, have high genetic diversity and
high antigenic in A (H3N2) virus. By comparing the HA of two subtypes of influenza
A virus, we found that some amino acid positions locating on the antigenic sites of
influenza A (H3N2) virus are potential epitope residues for influenza A (H1N1) virus.
In addition, the accuracy of our model for predicting antigenic variants was 85% by
using HA sequences as input. We believe that our methods are useful for the vaccine
development and understanding the genetic and antigenic evolution of influenza A
(H1IN1) virus.
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# #¢hInfluenza Virus Sequence Database i & #7{c & chip B A 2170 R i & 2 &=
AR EPHBRTOF A S HHINL o sk g £ 1o d 0T iE 25 (1) Type
A (2)Host: human (3)Country/Region :any (4)Subtype : HIN1 (5)Sequence length:
Min 1999 b » M x & 7 7479 i HINDL =04 JET?FQI%» 7](2 2010 #+ 10 * 20) -
£ % GenBank ' frirzecnz 3l S M ROIRARE ] BEFEGF L LB A
%n@iﬁﬁﬂ”%@ﬁ%ﬂﬁ%ﬂfﬁﬁ%@Jﬁﬂ%Dﬂ?%%ﬁﬂ(aﬁﬂ
FAHEr QREFZIRER DAY 77 TR RAR  ERARBF R B

f},ﬁﬁ-(l)-‘}?ﬁ% WERS R r e s Qps R EFEA RS R B gmﬁt‘
T AR A0 (1)2009 A7E] HINL G s+ (2) AR b B Re & > ehdp e B 5] o (]

%)’&%Eﬁﬁéﬁﬁwﬁﬁﬁ’ 7] 1525 i HINL ehiz s St % 30 A 71 o
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Influenza Virus Resource '

Information, Search and Analysis

PG b G S AT

Influenza Virus Sequence Database
Protein or nucleotide sequences can be retrieved from the database using GenBank accession numbers or search terms.
Multiple queries can be built by clicking the "Add Query" button every time a new query is made, and queries in any combination from the Query Builder can

be selected to get sequences in the database. Sequences can be downloaded, and it is possible to analyze them using the multiple sequence alignment or tree
Permanent link for this query

building tool integrated to the database.

Get sequences by accession
Upload E ## Enter a comma or space

Tiee | BLAST | Amnotation | FTR | Help ] Contactus

list of or upload text file with this list.

Show results

Select sequence type:
© Protein ' Protein coding region ' Nucleotide

Search for keyword:

Keyword ‘ |5““|| |n|strain name d‘ @
Define search set:
Type Sequences length Collection date Release date
4 Min: 1000 From: \_‘ |_| u |_|

any |Giant anteater  *

e OO0 0

B Leopard
¥ 0 FulMes Ionlvo Year  Month Day Year  Month Day

C Mink -

[ Collapse identical sequences
Last update: Tue, 30 Nov 2010 Rev. 214044

Disclaimer | Privacy statement | Accessibility
A

W I -~ Influenza Virus Sequence Database % 7 7+ & B » iR :)?ai IR E 2P

FRAFNFTHETEFRT 6 -
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NCBI Influenzavirus Resource | 20101118

y
4 N
Criterion:
Type A, Human, HA, HIN1,
Nucleotide length >999
- J
MSA (software: muscle)
sequence check, filter out:
U Nocps (17
v insertion  :1(HA11~327)
gap :356 (HA1 1~327)

sequences

A 4

6705
sequences

2379
sequences

1525
sequences

Amino Acid X :293 (HA11~327)

Strainname check, filter out:
Withoutisolationyear in the strain name: 0
Repeat strainname: 107 sequences
Strainnames are redudant: select top rank AC

Filter out
Pandemic2009: 4326

Filter out
Identical sequence in the same
countryand year:854

W~ HINL M= shGe 5 & 3o A 7070 042 W) -
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ViR ek R R R FIRR TR S

a0 W F HINL enicd spAR R F el REEDT R > APy J s e
(WHO)#7# # 2 The Weekly Epidemiological Record (WER)i¥ 5§ + & #f = # g
F R A ND 2 on SRR F P dlRREchy 0 £5% HIND 2 § 8 1977 &
3 2007 # 7 WER 3 B HINL ‘ox 3R B Z frdlpliddsicdy - ¥ P B4 BAp M
# 3 & * e Centers for Disease Control and Prevention(CDC) Yz i & },;ai 2w
RAEFTHE BENTELTT WERAE v FR{od BAPMAT ] hicd IR
FRIrFIRRETEE (1)}355* PRArE v ke $inio & 3R B E 4R (2)
P4t REE P dRE L Foln AR Z Ly TR L #WER
Fow FFEfed BAPMA L ® m?n‘»’% t B M‘%f EAF ook IR R A RGE R
ke bk SREL R A IREEHET T % — K HIRDFR LS FHIT ok R
AT E TR & WP A LAY T WER & v 4R ok SRR
BRIrIRRE L TN 1% 2009 # A73] HINL sz v 3R 8 8 & FrdRlE$
&%QM%E >3 £ R P HINL fmm FREEFE R FPHRIEY > 73] 202 # HINL 2 &
& FRGE FFAIREE (R =) e
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1977~2009

9 Related work

Criterion:

v

HI Test for influenza (H1N1) (Ferret sera)
Virus Aand virus B have pair Hl data
HAL1 sequenceis available (2010/11)

o

136 pairs

Redu
\

ndant: take first appear pair
y A

A

170 pairs

A

113 pairs 134 pairs

"‘ 247 pairs \‘*

Redundant, take th

T
~— 3

240 pairs

Ji———

v

219 pairs
\_/

— |
My_/

202 pairs
v

e WER pair, Filter:7

Filter out
Pandemic2009: 21

Filter out
Year difference>10:17

W=~ HIND ‘= s B & i[R3R o A2 R -
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R HREF Aoz B0 TR

EBRASE 58 BIEERA R SRR R L B0 PRI REAS
B K b g By kA BURE R A tAen™ 2 5 hamming distance (HD) > ¢
A3 e oA ph it ic[26] o ' E_HD 2 2 7 i Ht e R iR B AERE - B
B AT R M o AP/ position-specific change (PSC) coding » #+ -
Bl e % i 88T B B k® > & APanama/2007/99 v
A/FUjian/411/2002 e g e fApe#ep 2 L= Bi=% > #r12 HD 2L+ = - w § =%
e 2 E p AR et 2 B o

B n AR R O TR SRS S I T8N e TR E[39]
AP E- BT SERRDTALIS N e R EZ SR LR DTRF TP
APt FHfR A DRETV S gF - BE SIRBR T R Bl & G
F - BEEARRGE- BRI GY Ce RP AR TR G- B VY B
ﬁ—%@&&&ﬁjoé%aﬁiﬁﬁ%%iﬁiﬁ:i:%&ﬁo?;ﬁ:¢
S BRAACLRAE RN BRHEY ek b AR REF 2L B
BlraEmmipa®i BB Rt -

C R LR

APEEHIB R R R T e RREZ? WHE T F & TRV
AR D s RS PARL R B Y  A PR L RE R
BE L BREREA LA AR o R AR Db o

KR Bn Rehlod GG ZFr4IRIGABE S 3 T kA fTllon IR
FPrHRp R R VRS LIFRMEEREY KX E ot - AP R BT
sk IR R ER[26] - BB AN E S Bopd R Fedh iR

F2 N LT A L

(homologous I_I)(homologous J_J)
(heterologous J_1)(heterologous |_J)

AR T R o AR R AIRR R E e B R R Ldp A Bl R AR
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LRPRE - BRARBERAR I FIRMIERE 2 [40] - @B R4S B

fe R R IR EIHIRET R L RRFIFEE A e B oo

P RE

FPRER*TRIE - BEZFP DT FARR NP AR G R B

EPARR TR AT L R E o EE W en f2 e

20
H (X) :_; P. log(P,)
HX) 5 feimd X 2o P e gl r ag BB ¢ e o fin 3 X
FRR SRR SRR o R ORARM Y B R e N A ARl
e B W A A mRR o

A FREFE
FREEE LML G PR EPTAE S K B Ee FEE R
£ B REL PN RADF AL TE LS BRE B (< M

EiEBEF Y- BEEE ANVRATARETE Lok e B R 2 %
PP At BB TR AP FTAEFTE kS22 AR B RRFE 2T

R T o

o

GRAPRY FREERIPRE - BB e R W PR R PR
A X encERF o K- BEEX PEMEFENE - B B Y B b B

Y B FE U o 3 AR AT A

1Y, X) =H(Y)-H(Y | X)

WY e FE R BB T o RRIE O H(Y ) o # AP mi X el b R

X2 BB R Y TARERY @t At H(Y X) o & 4258 2 i g & 7 5

A v =HY) - Y elyey

VeValue(X) |Y|
FY o X 5 MACREF § ot LA {yLykHe{xL.xI}B - 32 Aete o
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5 BEREHH

|
4
v“\ti

RE
ARFHIERE HINL R 4 blod 2R b £ 1 AT 2 R
fag it 70 m B EAFIME LR ET AT LR AP fRET R RS AP
Mend & vl pein ¥ o X BELR T MR R ST S HIND i i i
o B ERBAFIZFADT I B ARASEE L TORAK TR FFRR E
PRI E 45 R o

S HINL &5 3EE 23 B imel

7R3 HIND 22 %2 v ZRr B Z 3R 842 (Antigenic drift) w841 > &
gyt o s ulEE s ARG & EFAL (DA FIE R - 4 47 (Genetic
evolution) 5 (2)#/ & =t & #1(Antigenic-evolution) ; (3)% # & = ~ 17 (Structure)
A& g4HduR AL i (Epitope) 2 H g & & (SsUrface)» 47 © B L i iE e ¥ o
RREFIRARASV S EAFRTAC AT HENTF L R LR
BE(RA) 2Ba ¥ 82 R¥2 087 - THFATLHRMFE ) cEERRA
TFLITE- HRB § - BRULAREEF 2 e p PR L (AT M
AR (B4 ) BEAFZE R A CRBZHR RS LR RPES 2R pl
E(RL) Rt iR AR S2ZEL =Y -
g3 HINL R s 2 ch R R F 2 AR S ¥ # 2 e i+
WA 2 PR RS » B8 A T2 #ﬁ}ﬁ@’f‘rﬁ_\i BEOHd ¥HERRL LR
FRACEfH 2R3 A HA RAZRAESNBZ EL inl > TR EL Y

|

¥ g & 20t (Likelihood ratio, LR)# =~ e v 3R B 2 WA =8 > & fp PF

£ FEfB 2 FEE L (Information Gain)fi ~ sz w HpEE F AR R

e E RN E o Bt & R BFEI 220 S Bl rE NS
&

4B FUR PR S R OB L F o STRGE T end B B doT AT o RSk R
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S350 B AEARSEEZHEL 049(% - ) Fd i TR AR AL
RRERRBESAAMZ ERBAE L 438(F - ) BB REIET Lo kAR F
bz LA R (- ) blde MR 535679~ 144~ 189 % -

1.00 T5a (192
0.80
193
156
é 0.60 2 169
o 196
,E, 81 g RIPE
L-0.40 A U aed
225
) MMMMM\L {
0.00 l‘:lun L lllllllll all |I‘. ll " Jm“, “I““ |1‘|.| | |I|‘| |IJ|I

11 31 51 71 91 111 131 151 171 191 211 231 251 271 291 311
Position

WA~ HIND ‘oo 3R 8 2 7 B ueglpl = 8 <74t g2 3 & (Entropy)

15 - i 15:6;61601189 123 T -
NWWWWWW MIWIWWMM%WMMWWWWWWMMWM

os M (O

11 31 51 71 91 111 131 151 171 191 211 231 251 271 291 311
Position

4 ~HINL ‘oo zRpe 8 2 el Bl = 8 974 R 2 #£02+t (Likelihood ratio) -
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1 11896 192sb e Antigenic critical
I positions
101 144 e Other HA positions
t ° o
0.8 | |
! 193Sb
1 °
I
|
> 06 B [ J * PY 79Cb
Q. [ J
o | @
P °
e ' ) ) ®
ﬁi A 56 273Ca 134
04 | ] ° GG o °
[ °
b °
______ !-_..—..-'___—_____—________.
02 B ® ' [ °
I
I
I
O | 1 1 1
0 1 2 3 4 5

Likelihood ratio
WL s HINL foot SR 8 30 vk =8 2 §U i &7 PRIt o
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- HINl 2 =n st 2 P £ R fAfk =}

Position HI1N1 Epitope H3N2 Epitope Surface Entropy Likelihood ratio

45 C + 0.6412 1.1848
46 C + 0.4965 1.7484
53 C + 0.4880 4.3831
56 0.3921 2.2448
77 + 0.4450 1.2492
79 Cb 0.5452 3.3881
82 Cb E + 0.4232 1.2847
88 E 0.3727 2.8906
101 + 0.8500 1.3026
131 A + 0.3239 1.6130
132 A + 0.3594 1.0605
134 + 0.3861 4.1675
137 A + 0.4077 1.3150
144 A + 0.8375 2.4959
149 + 0.4713 1.1223
156 Sb B + 0.6375 1.2216
166 Sa 0.3574 1.5486
186 B 0.4100 1.2625
189 B + 0.9627 1.3325
192 Sb B + 1.0000 1.5874
193 Sb B + 0.7113 1.6237
194 B + 0.3506 1.1246
196 Sb B + 0.5116 1.7240
197 B + 0.4704 1.5640
212 D 0.6447 1.1560
225 Ca2 + 0.2937 1.7984
269 + 0.7692 1.1610
273 Cal + 0.3915 3.0896
275 C + 0.5844 1.1721
276 C + 0.7814 1.1109
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= HINl &2 3R 8 R4 2 K B

JE o AR MRS (CAB)E Hh2 HINL ek {AHIEA Y = B los B 3
b g i ¥ (40 53,144,134 r 227)PE 0 PHE R B L AR K ooRA R
R R E A TR L HA VAN AR AR AR hE - BP0
MALE 5352 RRM - AREAF R Hih HEE A FFPREEEY o 4
Ff e e p Rl B F A P e HYFREAY(AS - ) S
WA-KAT Y Aip BARR T B RETER LR TERI4 R fe s A0 A e
1% o $0 HINL JEg o4 4 4 se R R v 2 s+ 55 85.6%
(173/202) - TR ¥ FH=p BolE AL 2 B lcE A g R P B SR o ik

'E’__;'? J H\zﬁ‘\ifﬁt

No mutation Mutation

Variants
(34/0)

No mutation Mutation

Variants
(40/8)

No mutation Mutation

Variants

(8/0)

No mutation Mutation
Similar Variants
(114/21) (6/0)

WL - ~ HIND ‘o 358 8 2 ok A fosfpldm % B $R400) o

r HINL e REFFLL R HBRFEERA T

P AR PER W R R PO A (W )il TR B B R R
o A d HINL 2 i AR (B - )97 iE HINL R 4 2 o R B 4
Mot Rk B 0 S HIND 30 PR B AU ET L £ 2
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EERMEI Y PR A8 i EEEZ 45 (B4 2) £ 20 Ry

BB G A G a0 HINLGRE 4 R e BHR ATt 6 (> ).
Fobs e HIND 2 e skt b 327 oA i B ¥R ik (sialic

acid) 2 FE# A %‘rﬁ'“fi-%y‘fé fez BEHLM (o 7 o0 R b RATeE e Y e

,%g_v&—/’?? ﬁ’x 15A PN % ﬁ*rs ma*%ﬁ;@r & (r]__]_ - ) , ‘f._,“,"'- 4 HINI 2 % s
TR & T 327 B ORA L 8 rEit 2 BEAE A A7 R B B -vd B 2 BEARRE %o
el );i Iﬁ-» l{tiﬁ‘zé‘zi ﬁ’x v ]%]Jv ,T}‘ Kﬁ["%ﬁﬂé‘,& Jﬁ/x 15A ] F\ m?‘: ﬁ’irs ml}rb},%’

rﬁgg@,fi)—‘;(gg]; = ) o ER A K ER P RET N F A fw’ﬁ“’é’/&ﬁ& e L e B
» L RE PR R [fa—’i 2R FER T B At Rl 2 Zéz&ﬁﬁk%ﬂ] %}g;g }P\?_g
WAL R 2 A2 FURES PR % o

‘rf

W= SHINL fo skt b £ 2Rkl i § & S FLR AT o (A) Bt
FRZL VR en EE R ER 2 ORAREY c BB AT RE - EY

5Sb~F¢ :Sa~id iCa~%d 5 Cho
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0.38 -
HIN1 (1525 seqs) —in1 1525 seqs)
0.36 -
0.34 -
0.32 -

0.3 A

0.28 -

Entropy

0.26 -

0.24 -

0.22 -

0.2

0 5 10 15 20 25 30 35
Distance to sialic acid

o H1N1 202 pairs—muiNi 202 pairs
1.60

1.40 -

1.20 ~

Likelihood Ratio

100 T T T T T T 1
0 5 10 15 20 25 30 35

Distance to sialic acid

WL = ~HINL ‘o SRR 8 & § R vk fh 2 BRI ol B 95 -t il 2 BE4LE) -
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I " HINl =g R FFFHEL R 2E

B HIND 33 2 0 BRAER 8 0 hle s ST A iR 8 0 o M
RN E R e BARARM R (401531345 144 227)¢ - BiEE R EL e
Herdkied 1978 & 3 2008 £ A A w R A(RI ) 0 ¥ RI 2004
£ HINL/RE 3 % (#H8- AT Hh 2R 3 #F 2%l g 134
FA AR 144 F R o 22T F A - ed L EET A
SEA Y THBARE TR RAR RS S AR E L R R AR

‘%. o

1999 2000

Virus 1978 1980 1982 1984 1986 1988 1990 1992 1994  19% 198N S NS 000 004 2006 2008
AJUSSR/90/77
ABrazil/11/78
A/Chile//1/83
AJSingapore/6/86
A/Bayem/7/95
A/Beijing/262/95
A/New Caledomia/20/99
AJSolomon Islands/3/2006

A
227 53;134  53;144 53144 53,134 )

Bl sHINL B o AR & R o IR 2 2 € R el plec g iz

|t

2 v HINLZ H3N2 2z5 SRR 5 3 A 1 5 Hib2 v i

AR HIN2fo HINLRE % 2 ot SRR £ ¢+ & Brefiph i B e
R APEEFTEA FE P SRR A L BORAR R CRRR >
i L1d ] E5 00 ¥ HIN2 o HINL 4 chT 3o (e #-o i SRR B 3 F % =
FA Lo B cR7PUL e BHHEFW 1) B EIENLD R
H3N2 f= HIN1 & & ¥ % el pe = B 3R > A 3¢ voeflpi = B 189 5 &
20| FRB GBS P TH R @ & H3N2 o HINL 4 &) 4 0.82 2 0.96 >
PR R A e SRR Rk 189 WA AR ARREE RN
BHERSFBEENRR T FEI Iy IR EY Y -

I A
Sk TG EF B G HIN2 2 HINL A 5% R chie i R £ - 1 B
BB ok WELRHIN2 PG L r BrRARA F A HIN2 s R A F I
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FLEHINL R G » B A # A HINL S fa A2 izodm AT ¥ 2364 ke
X ZulagEd At B B H3N2 2 HINL 2 s SR 8 4 3d T2 b2
oA H3N2 2 HINL & F ¥ ok st b5 -7 Brefkpe® b % 3
H3N2 & HINL foh A2 = (BL 7 ) Flt P4 % H3N2 2 HINL $ok 1455 i

B T RCE o SRR A R e e B KT A G RTES .

1.0 T -
1
]
I
1
0.8 I
I
: .
z I
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I
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3= e L EEEEE .
|
02 o . -
. I °
I r
?1' I
» ! L

0.0 e — o 200 o
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Entropy H3IN2
W-+Z ~H3N2 2 HINL o 3R 2 3 A TRl o 2d S A HL 2 H3

SRR RAR R 0 B S HLZFRA R R el 0 %4

P H3zZ iz b el > A AR g
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B E A HIN2 2 HINL2Z o 3R F il i 8 & 2 Bh i T (A,
B,C,D 2 E)na # B % i AL AW ¥ B %'V ok R F ARA
P BB BY ARRATLEBL R F ARATEAME ) d 24 LK

R E L BHEAR

g
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k% 4 (Sialic acid) gt 2 A 30 R /ﬁai PRAFER LS o AR AR
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22 R A e (WHO)E 3 /6 1977 1 2008 # HINL 2 ji g % % 4

Year Vaccine Strain Influenza Season

1977~1980 AJUSSR/90/77 1977/10/01~1980/09/30
1980~1982 A/Brazil/11/78 1980/10/01~1982/09/30
1983~1986 A/Chile/1/83 1982/10/01~1986/09/30
1985~1996 A/Singapore/6/86 1985/10/01~1996/09/30
1997 A/Bayern/7/95 1996/10/01~1997/09/30
1998~1999 A/Beijing/262/95 1997/10/01~1999/04/30
2000~2007 A/New Caledomia/20/99 1999/05/01~2007/09/30

2008

A/Solomon Islands/3/2005

2007/10/01~2008/09/30
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2=~ FAREN 205 HINL ‘o shit 8 2 3 dliRR B 2

Table From Seq Pairs Variant Equal Period Vaccine  Strain

To Years

CDC-2000 ;gg(l) 6 9 6 3 9 3 Beijing/262/95; Johannesburg/82/96; New_Caledoni20/99; Buenos_Aires/344/99; Peru/1621/99; Peru/1798/99

CDC-2004 ;ggg 3 2 1 1 8 2 Beijing/262/95; New Caledoni20/99; Virgini20/2003

CDC-2005 1995 6 8 2 6 9 2 Beijing/262/95; Florid3/2004; Florid4/2004; Malaysi1513/2004; New Caledoni20/99; New Caledoni9/2004
2004

CDC- 1995 7 1 1 1 1 3 Arizon1/2006; Beijing/262/95; Kentucky/1/2005; New Caledoni20/99; Pennsylvanil/2006; Singapore/107/2005; Wisconsin/73/2005

2006~2007 2006

CDC-2007 1999 15 55 7 2 8 5 Hong Kong/2652/2006; Hong Kong/2652/2006; Illinois/02/2006; Kentucky/2/2006; Massachusetts/03/2007; Minnesot04/2007; Missouri/12/2006;
2007 New Caledoni20/99; New Mexico/02/2006; New York/01/2007; Singapore/66/2006; Solomon Islands/3/2006; St Petersburg/8/2006; Texas/25/2006;

CDC-2008 1999 1 29 2 15 9 7 Barcelon00083/2008; Brisbane/59/2007; Cambodi0371/2007; Fukushim141/2006; Hong Kong/2652/2006; Lisbon/3/2008; New Caledoni20/99; New
2002 Mexico/01/2008; New Mexico/07/2007; Solomon Islands/3/2006; South Dakot06/2007

WER-1978 134713 6 6 5 1 2 4 Cameron/46; Denver/57; Fort Monmouth/1/47; Hong Kong/117/77; Malay302/54; USSR/90/77

WER-1981 iggg 4 6 5 1 3 3 Brazil/11/78; England/333/80; Indi6263/80; USSR/90/77

WER-1983 13;; 6 9 9 0 6 5 Brazil/11/78; Dunedin/27/83; England/333/80; Hong Kong/2/82; Indi6263/80; USSR/90/77

WER-1984 iggg 5 7 4 3 5 4 Brazil/11/78; Chile/1/83; Dunedin/27/83; England/333/80; Victori7/83

WER-1986 13;2 7 1 9 9 8 6 Brazil/11/78; Chile/1/83; Dunedin/27/83; England/333/80; Singapore/6/86; Taiwan/1/86; Victori7/83

WER-1992 :nggi 4 5 3 2 5 3 Sichuan/4/88; Singapore/6/86; Taiwan/1/86; Texas/36/91

WER-1997 iggg 5 9 6 3 10 4 Bayern/7/95; Singapore/15/96; Taiwan/1/86; Texas/36/91; Wuhan/371/95

WER-1998 iggi 5 9 5 4 2 4 Bayern/7/95; Beijing/262/95; Johannesburg/159/97; Johannesburg/82/96; Wuhan/371/95

WER-1999 133: 4 5 5 0 5 ) Bayern/7/95; Beijing/262/95; Johannesburg/82/96; New Caledoni20/99

WER-2007 ;gzz 3 3 2 1 7 9 Hong Kong/2652/2006; New Caledoni20/99; Solomon Islands/3/2006

WER-2008 gggs 5 7 2 5 1 2 Brishane/59/2007; Norway/1735/2007; Paris/577/2007; Solomon Islands/3/2006; South Dakot06/2007
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IR A A

Full name Accession no.  Vaccine Reference
A/Alabama/22/2006 EU199334

A/Alabama/23/2006 EU199321

A/Arizona/1/2006 CY016369

A/Barcelona/00083/2008 FJ654312

A/Bayern/7/95 AJ457907 Yes J Gen Virol. 2007 Dec;88(Pt 12):3209-13
A/Beijing/262/95 AY289928 Yes Influenza and Other Respiratory VirusesVolume 1, Issue 3
A/Brazil/11/78 HQ008267 Yes J Immunol. 2010 Oct 1;185(7):4284-91
AJBrishane/59/2007 CY030230

A/Buenos Aires/344/99 AF534031

AJCambodia/0371/2007 FJ375205

A/Cameron/46 CY009596

AJChile/1/83 CY020437 Yes

A/Denver/57 CY008988

A/Dunedin/27/83 Direct entry

AJEngland/333/80 Direct entry

AJFlorida/10/2007 EU516250

AJFlorida/13/2007 EU887022

AJFlorida/3/2004 CY016349

AJFlorida/4/2004 CY016350

AJ/Fort Monmouth/1/47 AB043478

AJFukushima/141/2006 FJ654301

A/Hawaii/02/2007 EU199322

A/Hong Kong/117/77 CY009292

A/Hong Kong/2/82 FJ215855

A/Hong Kong/2652/2006 CY031342

AJlllinois/01/2006 EU199302

AJlllinois/02/2006 EU199340

A/India/6263/80 CY020453

AJJohannesburg/159/97 AJ457897

AJJohannesburg/82/96 AJ457906

AJ/Kentucky/1/2005 CY016355

AJKentucky/2/2006 CY016388

AJLisbon/3/2008 FJ654310

A/Malaya/302/54 CY021053

A/Malaysia/1513/2004 EF566126

Full name Accession no.  Vaccine Reference
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A/Massachusetts/03/2007
A/Memphis/01/2007
A/Minnesota/04/2007
A/Missouri/12/2006
A/New Caledonia/20/99
A/New Caledonia/9/2004
A/New Jersey/04/2006
A/New Mexico/01/2008
A/New Mexico/02/2006
A/New Mexico/07/2007
A/New York/01/2007
A/Norway/1735/2007
A/Paris/577/2007
AJ/Pennsylvania/1/2006
A/Peru/1621/99
A/Peru/1798/99
AJ/Puerto Rico/8/34
AJ/Sichuan/4/88
AJSingapore/107/2005
AJSingapore/14/2004
AJSingapore/15/96
AJSingapore/6/86
AJSingapore/66/2006
AJSolomon Islands/3/2006
A/South Dakota/06/2007
AJSt Petersburg/8/2006
AJTaiwan/1/86
AJTennessee/02/2007
AlTexas/25/2006
AlTexas/36/91
AJUSSR/90/77
A/Victoria/7/83
AlVirginia/1/2006
A/Virginia/20/2003
A/Wisconsin/01/2007
A/Wisconsin/73/2005
A/Wuhan/371/95

EU199342
EU199314
EU199291
EU199288
AJ344014
CY031330
EU199324
EU566989
EU100708
EU567015
EU199329
CY036679
EU551835
CY016370
AF268313
AF268312
CY009444
L19024
EF566319
EF566180
AJ457896
D00406
CY030235
EU100724
EU516090
CY035126
DQ508873
EU199305
EU199298
AJ457908
K01330
FJ743456
CY016372
CY016347
EU100710
CY016362
AJ344022

Yes

Yes

Yes

Yes

J Gen Virol. 2002 Apr;83(Pt 4):735-45

Nature. 2003 Mar 27;422(6930):428-33

Nat Biotechnol. 2009 Jun;27(6):510-3

Science. 2001 Sep 7;293(5536):1842-5
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