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Development of a Device to Survey Human Adaptation of Highly
Pathogenic Avian Influenza Viruses and its Application to Control
of the Influenza Pandemic-2

Yasuo Suzuki*

Abstract: A new technologies are required for rapid surveillance of the current highly
pathogenic H5N1 avian influenza A circulations to survey the potential for adaptation of
the virus to the human type receptor, an important step in the emergence of pandemic
influenza virus strains. Hemagglutinins (HAs) from avian and human viruses are
characterized by their preference for a2-3 (Avian type receptor: NeuSAca2-3Galpl-) and
a2-6-linked  N-acetylneuraminic  acid  (Neu5Ac) (Human type  receptor:
Neu5Aca2-6Galpl-), respectively. Owing to the species-specific nature of the
interaction between the virus and host glycans, attention has focused on novel
immunochromatography technologies that can rapidly assess virus receptor specificity
with high sensitivity and the potential emergence of human type receptor-adapted H5SN1
viruses. We have developed an advanced prototype of immunochromatography-based
device to differentiate H5SN1 viruses that bind to avian- and human-type receptors.  This
procedure enables us high-sensitivity detection of sialo-glycan binding of avian and
human influenza viruses (4HAU-128 HAU). This technology allows investigation and
surveillance of mutated avian influenza viruses that acquired the adaptation to the human
type receptors (NeuSAcao2-6GalBl-) on single strip to which different receptor sialo
glycan structures can be coupled.

Keywords : Highly pathogenic avian influenza virus, Receptor, Human adaptation

1. IFC®IZ

AL TN IR CRBIKS 0T 2 ABEBREEEDO—2 L W2 5. 2009 4F, 7 ¥ & iR
ETBHAHAL TN YA LR (HINL #A) (LL#%, 2009pandemicHINL & #&5E) 1%, B FHESRCK
WAITARZ L7z, ZRNETIRA 70 o PO RETIZ, 272 b 4EBETWD. $42b5
ARL A TN (1918 ), 7 VT JEIR (1957 42), A = A8 (1968 4F) 35 KUY 2009 4~
AHRHFHA L TN HFTHDL A VTN IVANVZAOBRELEX, WEREOHAKSTHD.

INFEFETOL 7N FOMRAHRETIZ, WIhb, BRRT, B r7rm s F oA 20
BOFRE, 724 0hMEEICEEL, T2 CERELLERITEZEVETHICE h~o#istER X Uy

* R ERERL A - BLRIESERL - HR



t R ~DE ) O EIRIENEE A TN YT A L ADIEEL 7 F S G BB O BR % &
W R T2 w7 Ik —2

FHE2BEELZLOTHD. 1997 FlZhrary TRELEEHREE A BB 7Lz F U AL R
(H5N1 #i%, Litg HEN1 S WERE) 1%, 2%, R 6321 2EO=U N Z&L, Sbig, R 15
HETE h~DEFHEERLZL TS, HRICRIT D HENL EYH 1T 615 A, 955 364 AL (WHO,
201322 H 1R) LTHY, t MR TOWRESELMO TEWV. KUANLATENRI LT, b MR
TOWATIE, REBDOTRENTHD. EHLIE, A VIV P UALVZA0OHETEIE, VA NVA~T
INAF = (HA) BNRET 28EE EMAR Lo 7 o EHSZ A E~DEAMIC LY, & —BWICHE
ENDZLERWELTEE. AL, BEITHITLTWVWD 74 L 2D HAIZER L+ 7 % — [NeuSAc (N
—T®FNI) AT I ) a2-8Gal (T2 F—RA)B1-, (a2-3) L] LEHRMICHKEAEL, B FET
WIT T2 A4 A%, £ b EXGEICTEET S ML+ 7 % — [NeuSAc « 2-6Gal B 1-, («2-6) & W)
CHERMICHEAT OB, BRREEA 7AW A L& (HENL) OB (v h 1 v
TN TANRAERET VM THL 7 = by M) TRIKEGAIRER AR, HASDTHOBEHRD
TIMBEHRICESE ML E T X —~OREGEEENESEDbI B RV LEY.

ARRFZEIE, WA F I v 7 2B 2T EOAREENER S TV ERREEA v 7Lz P oA L
AHSNL O ML T Z —~DOREMWESL, MEIOREKEICERTLIT AL ZOMBEEZANE L
TW2. FFEEETIE, 15/ 7a0~x b RBETIERT A A0 N4 A T L. REFE
CBWT, ZOFARAL RAEZEBICEVENTEIALVAFEBLIOTED Ly —E4F v R F ADEAIC
FVEBEEAEZER L. SO, KRPFRZEIEHREESA v 7V oA VA %W 2 5 BSL3 Mgk 23
RN, FNEFEOKRKKFMAEWIFIEN & OFEFEICI Y, EBRIC Y7 CTHBES T &R
FHEEA 7P A A HENL 2 W CZEOFERAMEZFEE L7-ES, 4HAU-128HAU O v 1 L
ZET, BBLOE MM UV IALZVHFTANAR, SLICRBAS VIV UTFUALLARE ML ET X —
~OFREA LB L ERE? 2 150N THITES 2 L 2R LE.

2. IREEERBAZE

2.1, AL bIS5 74— RBETIESLVE LB LET4—EEEA>TLI VY
DAIILRADEET /N ADIEE

AV A BT ORI DM TR TERWVWHSNLI OB M EBOLER (BROT7 = 4
T T hbb, FMA LU TATD U F A NRAFEICE) L X R R ER) &SI o
BICERCEDT AN RAEMELZ. b, bZARLTZVANVADEBLET ¥ — Tl (b
F . NeubAca 2-6Gal B 1-4GlcNAc B 1-; & : NeubAca2-3GalB1-4GlecNAcBl-) % v — XfH{K (& k
Bl 7y —fEHERAE— X, BELE 7Y —EH2FAE—-XICHEEGSER) KHEASYE, 2h
R A NV AEfES SHE, TO YA VA% HENL ik (C-179) &b A, BERUEEGH 4 55 B A9 23 5) -
EATEDZVLIFUEBMLEANY v 7 EICEREL, v M, BH L7 ¥ —f4&H% HENL % B 21
B, BT AT N A EELEZ (K1),



EZENE SN

K1 A2/ 7u~x o7 4—%FHET2EBL0e ML X AT 71
U AINVADRRT N A A D RS

3. HIREMRE

3.1. BIREMEAVILI VY IS4 ILR HNT) BLXUZDE FEBEREEDSNILAEZEHEMDS
BREICHNCTEEZSAL/ VAT T4 —DRBEHRRALEZT Yy EA TN/ RADBELIEHE

BIRMIICIE, 57 v 272 ARV w— (E—X) ITHN1 D L v 72— 7 g (NeubAc a 2-3Gal) (%
e —XICHEAESIED) FE, B METHRITTAASA V7V P UL LR (BRREEA 7 v v
YOALNLANERLCe b—b FRPEFREL R o7 T ANLR) OLE T X =T afEs (NeubAc «
2-6Gal) (R —XHEA) 2HASE, TNE2HoO0 LD, NI RV A VAL RIESED. 2
D, BHREMEBA IV F AL ATEAE—XICHESL, b MMIlLE ¥ — oS L
BROANVZAFIROE—A~NEETD. FNEA L/ 70~ bOHEK (AN v 7)) L TEERRBICLD
BHEL, 50 COARA MY v 7 EICBA LT U5 OFER (C-1TI9 VKR BBENRB NI EERWELE)
X0, DANALFEAE LEZE—XE2@HETD. ZHICXY, RV ALVARE MO LE T H —~FEAS
THERBThHoTHEIL, RA—ARMEIN, RADOASY FRA L/ 7a~vw bR Y v EICH
o, NURBRFATHONT, BLEr 2 —2RWBIT 2V NVATHLIZERARTEDS. BBUALR
TR, B TP T AR (HIND R H3N2 #iR) OFAE, Pk & KIS Lo TRy
RNV, F, IGHHEESEAL T DENE, MSRIZBWEL I FrLoRIEEZTHND
Tl E=F—TFT5. UEOFBICES AL/ 70~ N T T 7 4 —FT A AR X, BE
WaxEK 2177,



t R ~DE ) O EIRIENEE A TN YT A L ADIEEL 7 F S G BB O BR % &
W R T2 w7 Ik —2

o2,3Sia o2,65ia
strip strip

—

:;Dntrol e o ,%HEN]. rj ’ll.”./R
line Fﬂzgg ﬁmﬁ)

.Test ling p—

— — Bl T2
— — ]ﬂiﬂ]ﬂﬁflﬂj*ﬂbz
— —r (2,3; 2,6 mFRF0MD

— mni AV T,
— CGEEtH 1L R
—— — ](M,Eﬂfﬁ]ﬂ)

M2 AL/ 7u~ b7 4—%FHETIERLOE ML T Z =AML Tz H
TANADRHET N4 A OBIEM K.

3.2. T FTHEEINEEREEEA Y ILI VT IS4 LR HINT) (=T FY DBk, BRL
T —HEEMH), TOEFBELETA—HEUHERSEER (BRLUE LB LET2—HEH)
BLUVE FEEET D200FERVTFTIVvIERAVTILIVEIAIILRA HIND (ERBLET
A—EEME)DART/INA XIZK BHEF

KT NA AR, FEREICBICHHE SN Z@mmEESE A v 7 v F o402 (HN) (BRLVET X
—DHIHEER), FOb NIV X —FEEGHEEEHEARK (BB L0 MM L7 ¥ —fE&M, Fan
KK, A& LR T2 7 P THEESNTZ HNL 25 RWE L72)), B e MEME#RET 5 2009 4F%
YFIvIe by FTANLA HIND (B R LET X —Dh AW 2@l X 200%
MRFEL7. AWl V2R, =V 7 ho=U NI hopBfsn-@BRERA 7 r=r oL n
A (H5N1) (a2-3 fEa), WEIEDLLNEEINTZEBEEORBA 7P UL LA (H5N3) (a
2-3 fEAEM), =V ho=U NIt heEmiEREE ML T — A SRR (H5N1)
(a2-3BEXWa2-6#EEME), 2000 FERFTIv I TNZ Py A2 (HIND (a2-6FEGME) TH
5. LE, AMEO VAN ZDEBEIOE MLY% —#EABREEZERAT AL 2L VTR, 20
FER, CNECTOBLISAICE 2R RE —FH L2 RNENDZENHHLE (W3). ¢4b
B, BETHITL TV EB L ORIHERMEA > 7= o F 7 4 L& (H5NL, HBN) X BRI L& 7 &% — («
2-3) ~FEAL, B FREITHITLTWAAL 7L T A4 X (2009 EERF 3 w7 7 A VA, HIND)
T FILE 7 H— (a2-6) ~, TLT, bt ML EFZ —~DOfAMNE2EE L -LREWHELE A
TP T AR (HNL) (B L v F % —a2-3, £ ML ETZ—2-6 Ol L& 7% —~FE) %,
EHEBICHE~EAE LTI ERHLNER ST, £, ZOKAMEZAEETIRZDZ DO A LA RIZ
4-128HAU TEWZ LA L MMER T2, ZDO AN ABEEL, YA NLZANEED-DIZ, BHATRESH
EROEHDLIVITE PRI WKEZ, 1, MDCk A THEET LI ZLICLV/BLNDIHDOTHY, EE
ICEREMEEA TNV PO AL NN AREAEA LTI THLEMAMERAETH DL Z EbRB I,



R
HERROILED

ELsalc Lot \e— &
—3L T,
-~ < xEEw>
1T

Topl? -ﬂﬂ-ﬂﬂﬂ

20094

25 L= o [

EZENE SN

< HSN1T - FRiTdk>

AfDk/Egypt/D1Br/07 [HA=2")

ﬂlDlEe'.’Pth‘lrﬂDlLlllT |||_n_,_

ﬂﬂﬂﬂﬂ-ﬂ et

4+ + | -

e | A AS ) ﬂ
s Gl nnnnﬂnn e
PR [ pru i
H5MN1 o~
e T m...----ﬁﬁﬂ
Sat m 326
23 EIHHIIHH nn-nmln Eah
az3sn |+ % 2 + |+ |+ |+ |-
wea [~ |~ = = == - e DN - - - -

e N0 ML)
0l fmmpac &2

AR A Ll
$0el R 31

X3 EHREEEA T AR (HAND) (=7 b U SBERE, BB LvET ¥ —, a2-3 #EH
), ToObe ML T X —EEHERSEREE (BERLPe NEULET X —fEME, «2-3, 2-6

AN BXOt MEMGHE T D 20004 F I v hA V7P 74L& (HIND) (b
MEULETZ—, a2-6fEGM) ORT A 212X 55

4 BEBIUVSERORE

AFRICIVEEINTZE bAOEPES O (B FILET X —o T afEdEH~OM A EHEE L
72) BB I TN ZADER Y TG EREM BT, RO E -S> Z ENHB L.
At 1) EBICETHBEESNS BREEBLA 70 F o2 BN DO RIL & 77 —#ES
PR B % @ (AHAU-128HAU) TR - B CTEX AT NA A Th D, T78bb, BAv 7Lz ¥Pog
LA (BRILE 2 —, a2-3~H D), EhAv Iz FoA LA (B MILESZ—, o2-6 ~ff
) BAVINZ U I NV ARER LT b (B NIV T ¥ —~DfEEGHE) 288G LV A
NZ(BBIOE MILY 72—, a2-3, a2-6#EAME) O 3L EKE (4-128HAUD 7 A L X &
TRWIC#HMTE S, 2) B& (577 4), REXMBERLOCTHELEWAE. 3) Rilidka, F&
ODHBEMRHZROT, mMiciE#MerLnEse s, BRERELOBHEEMES A V7LV F oA NV ARAERET
HLERAEE. 4) RBEN 5 OM TR T I 20O REERNHEKD, S 0/ #ME L.

LBIZ, ZVT R, AV RRTT, XREFARY, BHEEMEEA VTV YT A L2 OFABEN R
VET,:@?A4x%%wt%v4wxwthm@@ﬁﬁ%ﬁ%%ﬁ#éﬁ%mﬂ%%%bfw<
BE, BMREOKRS:, EFEEEEEREEZBD VD, 2RIk INETRARBTH-T, FH
E@%4/7wi/ﬁ¢4wxmtb@fﬁﬁ%ﬂ%ﬁmfwﬁT6 HIEL AT A EHBEL TV, K
TNA ADHBET, R TH DL LRI, BB, NMRARICIIEROLTHoTmmBEEESA
TNZ P TANAOERERE, TNETRARBRTHSLBA VTN U ANV RADZ KRG
B, bbb, e h~OMEELEOERETARETILOTHY, HfiHN, 2N EESFVLO
ThHEEDLND.



b MDD DR ERRER A VTNV T A NV ADER LTI VI G AR B DB S &
TN T Iy ZBEAE—2

it

AHFFEIL T E R PSS LA R 23 EEE~24EE D A MO 2 Z T IT SN b D TH
D b

ZZICHEEELET.

RERER

AR D —FB1L, 26 61 A AR D A )V A FE04HES D I LU 2nd Negative Strand Virus-Japan

Symposium on Okinawa THIEEFE K L 7= 9.

1

2)

3)

4)

ZE Xk

Imai, M., Watanabe, T., Hatta, M., Das, S.C., Ozawa, M., Shinya, K., Zhong, G., Hanson, A., Katsura, H.,
Watanabe, S., Li,C., Kawakami, E., Yamada, S., Kiso, M., Suzuki, Y., Maher, E.A., Neumann, G., Kawaoka,
Y.: Experimental adaptation of an influenza H5 haemagglutinin confers respiratory droplet transmission to a
reassortant H5 HA/H1N1 virus in ferrets. Nature, 486 (7403) 420-428 (2012).

Yohei Watanabe, Madiha S. Ibrahim, Hany F. Ellakany, Norihito Kawashita, Rika Mizuike, Hiroaki
Hiramatsu, Nogluk Sriwilaijaroen, Tatsuya Takagi, Yasuo Suzuki and Kazuyoshi lkuta: Acquisition of
Human-Type Receptor Binding Specificity by New H5N1 Influenza Virus Sublineages during Their
Emergence in Birds in Egypt. PLoS Pathogens, 7, issue 5, e-1002068 (2011).

JEBPEY, T %, Madiha S. Ibrahim, Hany F. Ellakany, #Sriwilaijaroen, N. #7280, #& &,
A, AR BB, ERME, SARRKEREESS vy 20E ML T 2 —
FAMERERT A X FOLRIHAVA NV AFRFANESR, 770 Fa—T KK (KIKEBRS®
%) (2012 % 11 H).

SAREESR, JENPEY, (FEATE, Madiha S. Ibrahim, Hany F. Ellakany, Nongluk Sriwilaigaroen, Y-Aa 72
B, M H, BEEM, Ak KB, AR V7 NCBT5ce ML T X — AR EE
HE5N1 B LUt "L 7% —fEEREZER T 57 514 ADOB% 2nd Negative Strand Virus-Japan
Symposium on Okinawa (7 77 # —F A7 /L) (20134 1 H) .



