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2003-2009 | 2010-2014 | 2015-2020 2021 ke
"I e > e B T B B | b >
B = I CO U & N
L IEJEJEJSEJINEIJIEINEIE-: i<
I &8 8 5 0 0 0 0 0 0 8 5
T 1 0 6 1 1 0 0 0 8 1
®H # 9 7 47 30 0 0 0 0 56 37
S 0 0 1 1 0 0 0 0 1 1
¢ R 38 | 25 9 5 6 1 0 0 53 31
EE 1 0 0 0 0 0 0 0 1 0
52 90 | 27 | 120 | 50 | 149 | 43 0 o | 359 | 120
EF R 162 | 134 | 35 31 3 3 0 0o | 200 | 168
B 3 2 0 0 0 0 0 0 3 2
% B 2 2 0 0 1 0 0 0 3 2
% o 1 0 0 0 0 0 0 0 1 0
Rip 0 0 0 0 1 1 0 0 1 1
R 1 1 0 0 0 0 0 0 1 1
° ¥ 3 1 0 0 0 0 0 0 3 1
g 25 17 0 0 0 0 0 0 25 17
EgE | 12 4 0 0 0 0 0 0 12 4
A% 112 | 57 | 15 7 0 0 0 127 64
B3t 468 | 282 | 233 | 125 | 161 | 48 0 0 862 | 455
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2004-2018 & 2019 & 2020 & 2021 #
o e VIRV IEEYIEYIEEYIEY] EYIEY
Afghanistan fe & * Yes Yes Yes Yes Yes Yes Yes Yes
Azerbaijan I B TR Yes | Yes
Bangladesh el ull Yes | Yes | Yes
Bhutan * -+ Yes Yes
Cambodia R Yes | Yes Yes Yes
China YR Yes | Yes | Yes | Yes | Yes [ Yes J Yes | Yes
Hong Kong ik Yes | Yes Yes
India R Yes | Yes | Yes | Yes | Yes | Yes R Yes | Yes
Indonesia B R Yes | Yes Yes
Iran =5 Yes Yes Yes Yes Yes Yes
Israel rd 3 Yes Yes Yes Yes Yes Yes Yes
Iraq LS Yes | Yes Yes Yes Yes
Japan p & Yes | Yes Yes | Yes § Yes | Yes
Jordan Hr Yes
. Kazakhstan 15 f‘gifu Yes Yes Yes Yes Yes Yes
(_J;l,)l Korea,(Dem. People's Rep.) a3 Yes Yes
Korea - South b0y Yes Yes Yes Yes Yes Yes
Kuwait g Yes | Yes Yes | Yes
Laos R Yes | Yes Yes Yes
Malaysia 5 ke Iy Yes | Yes
Mongolia 5 Yes
Myanmar @ Yes | Yes
Nepal Roip Yes Yes Yes Yes Yes
Pakistan = A Hrh Yes Yes Yes
Palestinian T pETH Yes Yes
Philippines EEF Yes Yes Yes
Republic of Lebanon * = W Yes
Saudi Arabia OBl Pz Yes Yes Yes Yes
Taiwan(Chinese Taipei) + 4 Yes Yes Yes Yes Yes Yes Yes Yes
Thailand 3 ® Yes | Yes
Vietnam A% 3 Yes Yes Yes Yes Yes Yes Yes Yes
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2004-2018 +# 2019 & 2020 & 2021 &
o i IR I Y IR Y Yk
Albania G A Yes Yes
Austria B ) Yes Yes | Yes
I—?e?j;;ao?/?:a BB ) Ve
Belgium v pE Yes | Yes Yes | Yes J Yes | Yes
Bulgaria Bede 1 37 Yes | Yes Yes Yes Yes
Croatia BB E I Yes Yes | Yes | Yes
Czech Republic £ Yes | Yes Yes | Yes | Yes
Denmark 4§ Yes | Yes | Yes Yes | Yes J Yes | Yes
France 2R Yes | Yes Yes | Yes J Yes | Yes
Finland BN 7 Yes Yes | Yes
Estonia CRONAEr Yes | Yes
Georgia ik Yes
Germany Ny Yes | Yes Yes | Yes | Yes | Yes
Greece # Yes | Yes Yes
Hungary 9 1 Yes | Yes Yes | Yes | Yes
Ireland kW Yes Yes Yes Yes Yes Yes
— Italy el Yes | Yes Yes Yes | Yes
(35) Latvia Frad Yes
Lithuania g Yes Yes | Yes
Macedonia 5 Hoag Yes
Montenegro FEM B R Yes
Nederland V=l Yes | Yes Yes | Yes Yes | Yes
Norway R Yes Yes | Yes
Poland & Yes Yes | Yes | Yes | Yes
Romania S LI Yes | Yes Yes | Yes | Yes
Russia B B 7 Yes | Yes Yes Yes | Yes | Yes | Yes
Serbia =L Yes | Yes Yes
Slovakia E IS Yes Yes [ Yes | Yes | Yes
Slovenia bR Yes | Yes Yes Yes
Spain & 317 Yes Yes Yes Yes
Sweden SRS Yes Yes | Yes | Yes | Yes
Switzerland HL Yes Yes
Turkey 324 Yes | Yes
Ukraine B Yes | Yes Yes | Yes | Yes
United Kingdom ER Yes Yes Yes Yes Yes Yes
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' 2004-2018 # 2019 & 2020 & 2021 &
o ~ig| 18 [2rd] 1 [2rg| g |rre] 1e
Algeria fe 2 4117 Yes Yes | Yes
Burkina Faso E itz Yes Yes
Cameroon i E B Yes | Yes Yes
Congo B % Yes Yes
Cote d'lvoire %7 % R Yes | Yes Yes
Benin s Yes | Yes Yes
Djibouti + Yes | Yes
Egypt ENES Yes | Yes Yes Yes | Yes
Ghana #rih Yes Yes Yes
Libya vt 37 Yes
e Lesotho if % 3« Yes
(22) Niger £ P Yes | Yes Yes
Nigeria ERR RN Yes | Yes Yes Yes Yes
Mali 5 A1 Yes
Mauritania FER & Yes
Senegal EPN AR Yes Yes
South Africa R Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Sudan R Yes
Togo 5B Yes Yes Yes
Tunisia E | Yes
Uganda §ri Yes
Zimbabwe E R Yes
Canada bo g Yes
* Chile 41 Yes
(4) Mexico L Yes Yes Yes Yes Yes
United States of E 3] Yes | Yes Yes Yes
America
S Australia R Yes Yes Yes
1)
LF LRI
23
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Multiple Gene Segments Are Associated with Enhanced
Virulence of Clade 2.3.4.4 H5N8 Highly Pathogenic Avian

Influenza Virus in Mallards

Authors: Christina M. Leyson , Sungsu Youk , Helena L. Ferreira, David L. Suarez , and Mary Pantin-Jackwood
ASM Journals/Journal of Virology/Vol. 95, No. 18

Abstract
Highly pathogenic avian influenza (HPAI) viruses from the HSNx

Goose/Guangdong/96 lineage continue to cause outbreaks in
domestic and wild bird populations. Two distinct genetic groups of
HS5N8 HPAI viruses, hemagglutinin (HA) clades 2.3.4.4A and
2.3.4.4B, caused intercontinental outbreaks in 2014 to 2015 and 2016
to 2017, respectively. Experimental infections using viruses from
these outbreaks demonstrated a marked difference in virulence in
mallards, with the H5N8 virus from 2014 causing mild clinical
disease and the 2016 HSNS virus causing high mortality. To assess
which gene segments are associated with enhanced virulence of
HS5NS8 HPAI viruses in mallards, we generated reassortant viruses

with 2014 and 2016 viruses. For single-segment reassortants in the
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genetic backbone of the 2016 virus, pathogenesis experiments in
mallards revealed that morbidity and mortality were reduced for all
eight single-segment reassortants compared to the parental 2016 virus,
with significant reductions in mortality observed with the polymerase
basic protein 2 (PB2), nucleoprotein (NP), and matrix (M)
reassortants. No differences in morbidity and mortality were observed
with reassortants that either have the polymerase complex segments
or the HA and neuraminidase (NA) segments of the 2016 virus in the
genetic backbone of the 2014 virus. In vitro assays showed that the
NP and polymerase acidic (PA) segments of the 2014 virus lowered
polymerase activity when combined with the polymerase complex
segments of the 2016 virus. Furthermore, the M segment of the 2016
H5N8 virus was linked to filamentous virion morphology.
Phylogenetic analyses demonstrated that gene segments related to the
more virulent 2016 H5N8 virus have persisted in the contemporary
H5Nx HPAI gene pool until 2020.

IMPORTANCE Outbreaks of H5Nx HPAI viruses from the
goose/Guangdong/96 lineage continue to occur in many countries and
have resulted in substantial impact on wild birds and poultry.

Epidemiological evidence has shown that wild waterfowl play a

17
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major role in the spread of these viruses. While HPAI virus infection
in gallinaceous species causes high mortality, a wide range of disease
outcomes has been observed in waterfowl species. In this study, we
examined which gene segments contribute to severe disease in
mallards infected with HSN8 HPAI viruses. No virus gene was solely
responsible for attenuating the high virulence of a 2016 H5NS8 virus,
but the PB2, NP, and M segments significantly reduced mortality. The
findings herein advance our knowledge on the pathobiology of avian
influenza viruses in waterfowl and have potential implications on the

ecology and epidemiology of HSNx HPAI in wild bird populations.
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%p H5NX #8/R /96 3# % 0% Rypi 4 iig (HPAD i+ 4
FHRP el 2 s 3142k % - HSNS HPAL j5 4 07
2l e wiE (HA) 24 23.44A 4o 2.3.44B 0 4~ 5
B 2014 £ % 2015 &40 2016 £ 3 2017 # 31 A=W e B o & #
Kp gl kg apd EFTTRELEAP Tghd 4 AT
£ 32014 & o0 H5NS Jx 4 ¥R R Tk 7 02016 & 1 HSNS
A ERE A= Fon 1YL AT R R vgY H5N8 HPAI
Jw iha 4 W Mo AT 2014 £ 402016 £ 2 0 £
A o ¥ 2016 £ B @ Y hE SR ER S TgahE g
WHIF AP o A 2016 £ dAprt 091G 8 BHERER
W s 5 o = FE% M REPF IR 2(PB2) - 1 ko
(NP) feA " (M) £feF - #30 & 2014 Epd e @4 %7 &
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