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Genetic Characterization of H11 Subtype Avian Influenza Viruses
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ABSTRACT Avian influenza (Al) is a viral zoonotic disease that affects poultry and mammals, including humans. Al virus
(AIV) has 16 hemagglutinin (HA) subtypes and 9 neuraminidase (NA). AIVs of the H11 subtype are generally considered

to be of low pathogenicity when infecting poultry. Antibodies

to the H11 subtype have been detected in some people,

suggesting that human infection with this subtype is possible. This study characterizes six isolates from wild birds of the
HIIN9 (n = 4) and H1IN3 (n = 2) subtypes. In phylogenetic analyses, the eight viral genes (HA, NA, PB2, PB1, PA, NP,
M, and NS) clustered in the Eurasian lineage, but within that lineage, they were divided into several different sublineages,
suggesting genetic diversity among isolates. The Korean isolates had a PATASR/GLF motif at the HA cleavage site and were
characterized as weakly pathogenic AIVs. Analysis of the HA receptor-binding site showed that all Korean isolates had avian
cell receptor binding specificity rather than human cell receptor binding specificity. None had the amino acid substitution
E627K in PB2, which is critical for efficient replication in human cells. They had no deletions in the NA stalk region or
in PB1-F2. The results suggest that Korean H11 isolates from wild birds have weak pathogenicity in poultry and are unlikely

to infect humans.

(Key words: avian influenza virus, H11 subtype, gene, phylogenetic analysis, wild bird)
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Table 1. History of AIV isolates used in this study

Isolates Year of isolation Subtype Host species Location of virus isolation
A/wild bird/Korea/KNU12-1/2012(H11N3) Fab-2012 HI1IN3 Unknown Jeju-do, Jeju-si
A/wild bird/Korea/KNU14-11/2014(H11N3) Feb-2014 HI1IN3 Unknown Jeju-do, Jeju-si
A/wild bird/Korea/KNU16-34/2016(H11N9) Nov-2016 HI11IN9 Unknown Kangwon-do, Wonju-si
Mallard o
A/mallard/Korea/KNU17-7/2017(H1 1N9) Feb-2017 H11N9 Kangwon-do, Wonju-si
(Anas platyrhynchos)
A/mallard/Korea/KNU17-9/2017(H11N9) Feb-2017 HIIN9 Mallard Kangwon-do, Wonju-si
) ) (Anas platyrhynchos) gwon-co, yu-
Abean goose/Korea/KNU18-88/2018(H11N9) Nov-2018 HIIN9 Bean goose Gyeonggi-do, Hwaseong-si

(Anser fabalis)
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H11IN9(A/wild bird/Hubei/89/2014(H11N9)) HFo|2] 29} 2019
| etle] eEldA] EEE N olgo] thE nlolg 29l
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Fig. 1. Phylogenetic tree based on nucleotide sequences of the
HA gene. The tree was generated by using neighbor-joining
method with MEGA 7.0 software (1,000 bootstraps). Our isolates
were marked by black square.
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20 o] 5 : HIl AIV &

A. N3 isolates (n = 2)
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B. N9 isolates (n = 4)
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d .
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o3 Atohse.winged to 3UOh aSEE. 2006 (H7 NB) .
9 Lineage
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P
o0

NA gene. The tree was generated by using neighbor-joining method
marked by black square.
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-5 A tKFig. 3E).
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A. PB2 genes
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Fig. 3. Phylogenetic trees based on nucleotide sequences of the PB2 (A), PBI (B), PA (C), NP (D), M (E), and NS (F) genes. The tree
was generated by using neighbor-joining method with MEGA 7.0 software (1,000 bootstraps). Our isolates were marked by black square.
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H 5 A2 FHEATKTable 2).
= S0l Al 74 7P B3
Matrosovich et al., 1999).
7]15-$I(stalk region)ollA] opm]i=At AL H
A A3 3 EelF BFE o] F-9]oA 9] ofnl
£ FRIEA] &t NA @i 3 gujo] 2 24|
oseltamivir?} zanamivirel] tiet A3 gzt #AHo| A=
H274Y % R292K opv|At X8 o 75 &R1gh 23, =)
e F BEE olE opiitaAe] X&2 YERA] ek

THTable 2).

Z
>
aY)
=)
w
1o
N

2) W8 FHXE

PB2 @A o] E627K X3S mlolg] A 7Ho] EH-F
Ag3he AT AAUE Aoz defA gl o ri(Subbarao et
al,, 1993) U] £8]5 E5%= E627K o] VEhtA] sk
t} X PB2 5% & A (polymerase) 23 AEFEE F oA
o] ¥4 Ax3 B D70INZ G309D, T339K x| o
F(Li et al., 2009; Zhang et al., 2014)E A3 A3} =]
85 BE5E= D70IN |82 ERI=R] ek9kort G309D,
T339K2] X8 2l QI TH(Table 3).

PBI ©hde] H436Y X8 Sas 47 A5 e
o] WUdz} FHE T Hulse-Post et al., 2007). =] -

T Z5E PB1 @A 2] 436W o] i=Ato] histidine(H)ol|
A tyrosing(Y) 2.2 X8t Z o7 It} PBI-F2 @YY
Ao AR opniest AEL EAFOIAY] WA St &
A5]= Z(Zamarin et al., 2006)2-2 Il 9lov} = &
2|5 Z5E PBI-F2 @Al ot AL Uehix|
ITHTable 3).

PA Tl o] A515TS] X|8he R0l e ¥dA Skt
T FcHHulse-Post et al., 2007)1L 3R =d =W E2F

o

25FE PA w9 5159 olm]izAbo]  alanine(A)el A
threoning(T) 2.2 X8+l 7 o2 VEPHTH Table 3).

M1 ©ude] N30D 2 T215A X|8he FH oMo A
Z71et #o] gl Aoz d#A =t (Fan et al., 2009)
= HelFE5L 25 304 oln]w=ako] asparatic acid(D)
221584 ol =4S alanine(A)S.E X|ZE o] Ut
(Table 3).

M2 Tl o] [26P, V27A, S3INS| X|$He Q1 Z24l4} 2|
S kA9l amantadine®} rimantadine©l] tgF A ad 3t T o)
$ITHBelshe et al., 1988; Cheung et al., 2006). =] &
B o5 FHolxe] WHols FR1EA] ¢9kt(Table 3).

[

a

A

oL

H11 o} o] AIVES dRtH o2 ThaRddxe A9
< Hole Ao=m 4ulA ok 2y AIVES o
(point mutation) =2 1A} A3 /J(genetic reassortment)
TOR QIg Wo|7} B Hlo|e]xo]7] wjiel A &A1 ¥
ol7} A& A% ZHEFolA e BeA HslE vehd =
ATh EF HIL o9l AlVE ot 71A] Algtoll A 7Hd
ARAQ TAE AR kot AR Al EollA HIl
ool gt A7} HEFE Aoz Hol Al 744 7be
AL 3] mjAE 4= UTHGIll et al., 2006; Kayali et al.,
ToR opYxFoA EElFa Ue
H11 o} o] AIvel tigh 2| &2 Q1 BUE|R o] F gdjt) &
ATl e ol 2012 ©]F op 2Rl EeH
H11 o} 9] nlelg 25 thidoz AV A §84 H714
S At Z7te] fRAF §AS A4S

ASFASH B4y 2E vlolg~ 87 B4 fAA

52 Eurasian lineage®ll &3l 202 Yelgth dutdgo=z

—

Table 2. Specific amino acid sequence analysis of HA and NA genes

HA NA

folates Cleavage site A138S E190D G225D Q226L G228S Stﬁ;;?im H274Y  R292K
Awild bird/Korea/KNUI2-1/2012(H1IN3) PAIASR/GLF A E G Q G No H R
Aswild bird/Korea/KNU14-11/2014(H1 IN3) PAIASR/GLE A E G Q G No H R
Awild bird/Korea/KNU16-34/2016(H1 IN9) PAIASR/GLF A E G Q G No H R
A/mallard/Kore/KNU17-72017(H1IN9) ~ PAIASR/GLE A E G Q G No H R
A/mallard/Korea/KNU17-9/2017(H1IN9) ~ PAIASR/GLF A E G Q G No H R
A/bean goose/Korea/KNU18-8/2018(H11N9) PAIASR/GLF A E G Q G No H R
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Table 3. Specific amino acid sequence analysis of internal genes
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PB2 PB1 PA M1 M2
Isolates PBI1-F2
E627K D70IN G309D T339K H436Y deletion A515T N30D T2I15A L26P V27A S3IN
A/wild bird/Korea/KNU12-1/2012(H1IN3) E D D K Y No T D A L \" S
Alwild bird/Korea/ KNU14-11/2014HIIN3) E D D K Y No T D A L A% S
A/wild bird/Korea/KNU16-34/2016(H1IN9)  E D D K Y No T D A L \" S
A/mallard/Korea/KNU17-7/2017(H11N9) E D D K Y No T D A L \Y S
A/mallard/Korea/KNU17-9/2017(H11N9)  E D D K Y No T D A L \" S
Albean goose/Korea/ KNU18-88/2018HIIN9)  E D D K Y No T D A L A% S
AV Aok BAle] o5 Belo] et Tz olFehe 2 FuldA Bel® £U@ ok wlol2l~l HIING wlole) 2

NEL Bolrol-tkF A o]F7d Z(East-Asian Austral-
asian flyway)S We} F2 TR o] FshH A ofr2]7}
HA ©]57d Z(Atlantic Americas flyway), B olwg]7}
A ©]%57d Z(Pacific Americas flyway), P|AIA]S] o} 2] 7}
A o5 Z(Mississippi Americas flyway) 522 ©|gdh=
5] o]g HAjeks HE9 olF FRE /e slor U
A Ith(Deliberto et al 2009; hitps://en.wikipedia.org/wi-
ki/East Asian - Australasian Flyway). AIV A3= F2 FY
g A olFAEE wet douA|THFourment et al., 2017)

ol& et HNEQ] o]FHZE7t BZ(Mongolia), A|H|Z]oKSi-

berian) 22 &2}~7} WHE(Alaskan peninsula)ollA] A2 A
A= A7 7] WiFel AV dits 5L ZA] olF AR

g olyet th2 A olF ARE Bole] ulE1te] Ayt
dojyka JJthDusek et al., 2014; Mine et al., 2019). S =
ol Fdhs AMES oMokt dT HA o|FAEE wet
T2 olFslr] wEe] IudA FElEe AlVe tii-Eol
FretAlet AlG e Alvel &she vlolg] 20| Rt = Ja]
e e vlolgl A5 % gl 31 Qlth(Lee et al., 2011).
Aol A =AM HIT o} #2]5 65l tiate] 7} uio]
YA AA AR ¢/ BAL BAsl] AE-gAea B
= AAE A 487 FAAF B BT ek Alg e
Hlolej g2 BFEUT FrAGe] vlolg 2~ fdx} HEE
IRI=A] o} thFRE nlol2 2~ Hute] S AHEA &
%k

e = 2] HID obd mlele] o] e A )
= FERAIRE AIEY wlolgl e &atgl oyt fEtAt AE
el A= thF3t sublineage 2 ERFEUTE o & S HA #
Akl A5 2018l EEE HIIN9 Hlo]2]2(A/bean
goose/Korea/KNU18-88/2018(H1 IN9) & 201633 20173

§

9= T sublineage® EREATL 2382 2014 T F
Hlold opxFeA EelE FLF ok upe]y 29l
HI11N9(A/wild bird/Hubei/89/2014(H11N9)) HFo|2] 29} 2019
d rgEtdle] eefdlA] EE]E N ofge] o ulolz{ gl
H11N3(A/duck/Bangladesh/38827/2019(H]1 1N3)) vjol ] 29}
Z-& sublineage® TR T L3 N9 olgo g EFH 4
9] NA frate] Z$-el = 2018 el #2]¥ HIIN9 Hpo]
2] 2(A/bean goose/Korea/KNU18-88/2018(H1IN9)= T
dlo] 2 29} H71 9] sublineage® TEFH LM 2015 W=
ghel4 ezl #elE HIN9 ulo]2 A} 71 77k 2
AHAE HAFIAH o]eld Ayte w|Fo] = wf FufjelA
w2]E = Hll o} upelg|~5 % thE AIVSL FAKSHA Bt
olg]~zte] FAA ARAF o7 L et AlFHelM &=
A2 Y2 sublineage AlE2] Hlo]Z| =2 Al Fol7| Lo
Um gles =x38 4 99t
THES % A5 ¢5slsl= PB2, PBL, PA XAk
L AL FAAR EREJSY
AT Aol A TFFet sublineageZ w75 = AoE Y
ERstth. PB2 ko] Alee £423% 5 EelFEe
2016 o] TE|F 4= L o) T 27k frepA
ol A= M2 t}2 ¥ sublincage® 75
th PA F3AFe] Aol FEprlt ABHAAE 2014
2520 A/wild b1rd/K0rea/KNU14-11/2014(H11N3)U} He
©] sublineage® WHEUL UWHA] 74 FeElFe= thE
sublineage® TEE oL o]EE FYU subhneage 14%01]7\1
T I }\11?__ :Ill-';_gl—_ OFA}S W r,} U}E]- 1 zzﬂ-_g_/\ rﬂ—uﬂ
4wzt SAANE PB2 F2Ae] ASoli Bl U
vl

¥ sublineage *lo]7} oyt b2 FFaA oA §A
491 PBIoIL PA AR E oleld el dw Aol7}
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N
Jo

2] 2=3F fAE AEAd
© Aew FHHA

NS A2 745 =l ZeFEL 25 allele Aol &3
Aot NS A= allele A9} allele B2 U =H] allele B
o &3l vlolY e gIF-E il AdtEe] EelE =)
Bk} allele Aol &3k AIVE 2R olye} Al &,
A & EFFolA BEelEe Aoz defA] lof(Kawaoka
et al, 1998) = Ee]Fe =7 ol99 & 5= 49 7t
TR WA F gle AoE Atmdrh

A/wild bird/Korea/KNU16-34/2016(H11N9)2}  A/mallard/
Korea/KNU17-7/2017(H11N9) 2 A/mallard/Korea/KNU17-9/
2017(H1IN9)E= ZH2} 2016132} 20170l 22 A (Y=
AFA A7l AN R EREYE F2lE volel s
ot} 2} ol5 vlolel s FAAEE 2 el FAH &
AR Ffrohe A% AR PB2, NP, M fr31a} GoilA]
A3 Aol F ol Ao tEht e AGdA &

E'E
 wloleizet Sulehe #24 tepdel 9eg A4k
.

@ W

Fo vlolel s vl BAS 54 2 23}

HA T2 9] cleavage site2] oAt g2
o

-

HA cleavage sitecllA] HA1 @i e] C- 2t F-9]9] ofn]

=
2}l arginine(R)°1H lysine(K) 5 9717 ol xAtEo

[
BHoz ey dwkdoz uedyd ZFRAZFAA
Hlol# 22 F-FE HSenne et al., 1996). & Aol £

3k H11 o}de] 770 ulo]#] 2] HA cleavage site®] o}v]x=
Ak 49 & 5 PAIASR/GLF 2 AW 9A4] nlo]g]~o] E4
< B9k

AV HA @] RBS F-919] opn|iil & &34 2
FEA AT} Fo] W F-919] ofn|ieitelA] X|gho]

F A 2F7 5375 FE ZA8F= 02,3 sialic acid
receptor 20} Algl 87| E A|Eo] FE UE 02,6 sialic
acid receptorel] Agsle S-S 7IAA Ho] BT =
FollA Algo 2 vl 4= 9l th(Matrosovich et al., 1997). HA
chl o] ofn|gl S S 5o]Ad3 o]l B Al38S,
E190D, G225D, Q226L, G228S9] X%} o 1= s}ol3l Ay}
U 2T BT o|E opu| Ak X|$ho] ¥HEE|R] ol A}
g 2/ 49 540l ¥ w2 3loE FHEUTh

NA ©hlz o] Z7)5-9jolA] dF- ofm| it A&o] A4

B obY AN JhEREe AvE sPssel Lol 7

- HI1 AIV 4

< HAA AsHe #Hol Jde Ao
(Matrosovich et al., 1999). 20131 F=rol| A Altell A
99 2HYA HIN9E 5709] ofn)eat 4
THGao et al. 2013). £ Aol = NA T
ANA ol AL RS B Ay I 25
£ o] FSlellMe] opn|ial AEe BIgR] itk
Q1ZZallz} Hpole] 2] A& kA= Hio]# 2 vhilA
NAE A= 7147 M2 Tl o] o] Al (ion channel)
= Wallshs 71H9 ofAlEe] AHEE I e ol A=
A Bl tig A FE dolEr] ¢l5te] NA Tl
2 Thoae] A ofm|Ake] X|$hE 2AFSES]
NA ©h82 3= H274Y 2 R292K o}n] =4t X8 NA <A

o] 2] A <A Q1 oseltamivir®} zanamivirel] o) gk #3431}
]

4
t
i
b
2

o] AKCollins et al., 2008; Yen et al., 2013). =il A]
F2E HI1 o}F vlo]g]x B o]& NA Tz oAl9]
FleAt 21 8hS UEhA] o o] & Fufole] 2 kAo o

stode= Ado] YeEhA] &S Aoz FEHJATE w1
M2 @A) o] Ad JA 2FA|Q] amantadine®} riman-
tadinecl] the #1813 M2 Tl o] L26P, V27A, S3IN2|
X8kt #AA = Aoz d#A Sl=dl(Belshe et al., 1988;
Cheung et al., 2006) =Wl Fe]F EF= o]& F-9lA<]
Hol 7} SR1E]x] gho} o] & kAl tigh AP = L3P A
e Aor FHHEULH

Hoj2i s e 3 AlghS E3ohe Ef-Foll tig e
i 7k Bl Sl A2 HA ©jRe] RBSE E3ote]
o5 Thekgh e Re] ojujmite] #He] gl o' o4
A ek wlell A 2el€ HIl okl wlol2) g gide s
A AP S dotiy] fiste] i F-9]ef opnlw
AHE A 23 SuiEel s T E HA @] RBS
91 opliedl A ghe FRIEA] ¢9kal NA TjRe] =75
# obvledt Al AR v =Y L4 A A
&3 ¥E PB2 T o] E627K A= Q1EA] gkt
E TRl Bed Sk #do] Slttm gl
PBI-F2 who] oA opniedl AEk lsA] @givh
olffd Avtes ne@ A5 =l Tl HIl obg vlele s

4
nlestel o] ol #EAHITh 5, M1 T e] N30D
o T215A XSS Ho|xlo] WA Zrtel o]

o2 44 Et(Fan et al, 2009) = F2|FE
30 A o] i=Ato] asparatic acid(D)=E, 215HA] o] 1At
alanine(A) 0.2 A 85]0] IQITh TG APER HA
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HAA Ay #uEg pR2 wElEol D70INT G309D,
T339K |+ o] F(Li et al., 2009; Zhang et al., 2014)S 4]
gt Ax} 2 Be]F 5= G309D, T339K9] X|gho] &k¢l

e %;%11 %}8 Ao FHEAT LHF A9 AHE
Frazte] dRoA Hole Yehvta e Aoz FHHS
LB ArAy Y EYFE HIL oFgle AV BEE M
oA AU 545 Hola e AR JEa E=g
IHF Y Ve B Blo g BAEA ST AV
= AEAQ] Hol7} Al&eiA] Uehe vl 2~0]7] wf &
o H1l o} ] nlo]gj 2] Ao 71aF 2 Algo g,]
7 7hsd e ERlskr] fleke] A&AQ1 RYE o] E

& oz AlmE ok
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O o

~ o
= I

F 91ZF<lAKavian influenza; AT 7} ofy
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2ol Al virus(AIV):= hemagglutinin(HA)¥} neurami-
nidase(NA)2| &1l wte} 16709] HA o}& 3} 9712] NA
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= Ao Hol HIl o8 AIVY] Al 7+ 7S 94
o] wjAlE 4= Qlvk 2 ATe ocMEFESH E2¥ HI
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