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o o 18] 14 (2] v [2ea] w8 [rre] e
Afghanistan fe & i* Yes Yes Yes Yes Yes Yes
Azerbaijan I 3= 28X Yes | Yes
Bangladesh T Yes | Yes
Bhutan * =+ Yes Yes Yes
Cambodia R R Yes | Yes Yes Yes
China ¢ R Yes | Yes | Yes | Yes [ Yes | Yes | Yes
Cyprus b Yes | Yes
Hong Kong 3k Yes | Yes | Yes Yes
India R Yes | Yes | Yes | Yes | Yes | Yes [ Yes | Yes
Indonesia Er R Yes | Yes Yes Yes Yes
Iran [ Yes Yes Yes Yes
Israel rd 7 Yes | Yes | Yes | Yes | Yes | Yes Q| Yes | Yes
Iraq CELRS Yes | Yes Yes
Japan p A Yes Yes Yes Yes Yes Yes Yes Yes
Jordan Hr Yes
Kazakhstan L5 f‘gifu Yes Yes Yes Yes Yes Yes
’(é;])‘ N. Korea a3 Yes Yes Yes Yes
Korea i Yes | Yes | Yes | Yes | Yes | Yes § Yes | Yes
Kuwait g Yes | Yes | Yes | Yes
Laos R Yes | Yes Yes
Malaysia 5 ke Iy Yes | Yes
Mongolia 5 v Yes
Myanmar @ Yes | Yes
Nepal Rip Yes Yes Yes Yes Yes Yes Yes Yes
Pakistan = A drh Yes Yes Yes
Palestinian T AT Yes Yes
Philippines EER Yes Yes Yes Yes
Lebanon ® = B Yes
Saudi Arabia WP E | Yes | Yes Yes
Taiwan %8 Yes | Yes | Yes | Yes Yes | Yes | Yes
Thailand 3 ® Yes | Yes
Turkey 324 Yes | Yes Yes
Vietnam A% 3 Yes Yes Yes Yes Yes Yes
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oE o 214|748 [2rs] 78 [23s] 70 [ra]| 7w
Albania (G A Yes Yes Yes Yes
Adustria 734 Yes Yes | Yes | Yes | Yes | Yes [ VYes
i D I 4
R T M
Belgium ve 1 pE Yes | Yes [ Yes | Yes [ Yes | Yes | Yes | Yes
Bulgaria Pede 1 7 Yes | Yes Yes | Yes | Yes Yes
Croatia BB G I Yes Yes | Yes | Yes | Yes
Czech Republic Ho Yes | Yes | Yes | Yes [ Yes | Yes | Yes | Yes
Denmark L& Yes [ Yes | Yes | Yes | Yes [ Yes | Yes | Yes
France iz R Yes | Yes [ Yes | Yes [ Yes | Yes | Yes | Yes
Finland W Yes Yes | Yes | Yes
Estonia CRONAEH Yes | Yes | Yes Yes
Faeroe Islands EREL Yes | Yes
Georgia Bindk Yes
Germany (N Yes [ Yes | Yes | Yes | Yes [ Yes | Yes | Yes
Greece # 8, Yes | Yes [ Yes Yes
Hungary @9 7 Yes | Yes [ Yes | Yes [ Yes | Yes | Yes | Yes
wM Iceland kg Yes
(40) Ireland W Yes | Yes [ Yes | Yes | Yes | Yes | Yes
Italy E Yes | Yes | Yes Yes Yes Yes Yes Yes
Latvia %A Yes Yes Yes
Lithuania Rl Yes Yes Yes Yes Yes
Luxembourg 4 F Yes Yes Yes Yes
Macedonia & H &g Yes
Montenegro FEMER Yes Yes Yes
Moldova B SR Yes Yes
Nederland V=l Yes | Yes [ Yes Yes Yes Yes Yes Yes
North Macedonia M5 2 Yes Yes
Norway R Yes Yes | Yes | Yes | Yes | Yes
Poland W Yes | Yes | Yes | Yes [ Yes | Yes | Yes [ Yes
Portugal 357 Yes Yes
Romania By LRI Yes | Yes | Yes | Yes | Yes Yes | Yes | Yes
Russia R Yes | Yes | Yes | Yes | Yes Yes | Yes | Yes
Serbia EE AL Yes Yes Yes Yes
Slovakia E IS Yes Yes Yes Yes Yes Yes Yes Yes
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Slovenia b S W Yes Yes Yes Yes Yes Yes Yes
Spain & FLT Yes Yes Yes Yes Yes Yes Yes
. Sweden e Yes | Yes | Yes | Yes | Yes | Yes § Yes | Yes
s Switzerland i Yes Yes Yes Yes Yes Yes
Ukraine B Yes | Yes | Yes | Yes
United Kingdom o) Yes Yes Yes Yes Yes Yes Yes Yes
Algeria fe i 2 {47 Yes Yes Yes Yes
Burkina Faso E i S Yes Yes Yes
Benin b= Yes Yes Yes Yes
Botswana b RS Yes Yes
Cameroon 3 73 Yes Yes Yes Yes Yes
Ceuta ki Yes | Yes
Congo B % Yes
Cote d'lvoire %9 4 g Yes Yes Yes Yes
Djibouti T A Yes Yes
Egypt EANES Yes Yes Yes Yes Yes Yes
Ghana Hr ik Yes Yes Yes Yes
Gabon ‘v Yes Yes
Guinea A Yes Yes
2 Libya e 1 Yes
(28) Lesotho iF % 3 Yes
Niger rop Yes Yes Yes Yes Yes
Nigeria EE A LN Yes Yes Yes Yes Yes Yes
Namibia K A Yes
Mali 51 Yes Yes Yes
Mauritania ¥R L Yes Yes Yes
Reunion ¥R Yes Yes
Senegal EP AR Yes Yes Yes Yes Yes
South Africa B 2t Yes Yes Yes Yes Yes Yes Yes Yes
Sudan R Yes
Togo 58 Yes Yes Yes Yes
Tunisia E Yes
Uganda §+i Yes
Zimbabwe = Yes
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Argentina G REES Yes Yes
Bolivia HAlaf Yes | Yes
Canada bo £ 4 Yes Yes | Yes | Yes | Yes
Chile 4 Yes Yes | Yes
Colombia Bk I Yes | Yes | Yes | Yes
Costa Rica F AT K 4 Yes | Yes | Yes [ Yes
Cuba i Yes | Yes
Eg Ecuador B S Yes | Yes | Yes
(16) Honduras ekt Yes
Mexico LGB Yes | Yes Yes | Yes | Yes | Yes | Yes
Panama T £5 Yes | Yes | Yes | Yes
Peru Fo 8 Yes | Yes | Yes | Yes
Paraguay = 3 3 Yes | Yes
Uruguay § 42 Yes | Yes | Yes [ Yes
Venezuela N < P Yes Yes
America iR Yes | Yes Yes | Yes | Yes | Yes | Yes
E (T)W Australia R Yes Yes
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Abstract

Global spread and regional endemicity of H5Nx Goose/Guangdong
avian influenza viruses (AlIV) pose a continuous threat for poultry
production and zoonotic, potentially pre-pandemic, transmission to
humans. Little is known about the role of mutations in the viral
neuraminidase (NA) that accompanied bird-to-human transmission to
support AlV infection of mammals. Here, after detailed analysis of the
NA sequence of human H5N1 viruses, we studied the role of A46D,
L204M, S319F and S430G mutations in virus fitness in vitro and in
vivo. Although H5N1 AIV carrying avian- or human-like NAs had
similar replication efficiency in avian cells, human-like NA enhanced
virus replication in human airway epithelia. The L204M substitution

consistently reduced NA activity of H5SN1 and nine other influenza
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viruses carrying NA of groups 1 and 2, indicating a universal effect.
Compared to the avian ancestor, human-like H5N1 virus has less NA
incorporated in the virion, reduced levels of viral NA RNA replication
and NA expression. We also demonstrate increased accumulation of
NA at the plasma membrane, reduced virus release and enhanced cell-
to-cell spread. Furthermore, NA mutations increased virus binding to
human-type receptors. While not affecting high virulence of H5N1 in
chickens, the studied NA mutations modulated virulence and
replication of HSN1 AIV in mice and to a lesser extent in ferrets.
Together, mutations in the NA of human H5N1 viruses play different
roles in infection of mammals without affecting virulence or
transmission in chickens. These results are important to understand the
genetic determinants for replication of AIV in mammals and should

assist in the prediction of AIV with zoonotic potential.
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