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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 | Yes | Yes
Hong Kong ik Yes | Yes Yes
India R Yes | Yes | Yes | Yes | Yes | Yes [ Yes | Yes
Indonesia B R Yes | Yes Yes
Iran =5 Yes Yes Yes Yes Yes Yes
Israel rd 3 Yes | Yes Yes | Yes | Yes J Yes | Yes
Iraq N Yes | Yes Yes Yes Yes
Japan p & Yes | Yes Yes | Yes Q| Yes | Yes
Jordan He Yes
Kazakhstan 15 f‘gifu Yes Yes Yes Yes Yes Yes
I 7 | Korea,(Dem. People's Rep.) a3 Yes
(32) Korea - South iE R 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
Pakistan = A Hrh Yes Yes Yes
Palestinian T pETH Yes Yes
Philippines EEF Yes Yes Yes
Russia B R 21 Yes Yes Yes Yes Yes Yes Yes
Republic of Lebanon * = B Yes
Saudi Arabia LN PN x] Yes Yes Yes Yes
Taiwan(Chinese Taipei) + 48 Yes Yes Yes Yes Yes Yes Yes Yes
Thailand bl Yes | Yes
Vietnam A% 3 Yes Yes Yes Yes Yes Yes Yes Yes
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Albania G A Yes
Austria B ) Yes Yes | Yes
Belgium v pE Yes | Yes Yes | Yes | Yes | Yes
Bulgaria e 7 Yes | Yes Yes Yes Yes
Croatia RBE 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 | 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 LA Yes | Yes Yes | Yes | Yes
Ireland kW Yes Yes Yes Yes Yes Yes
— Italy el Yes | Yes Yes Yes | Yes
(33) 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
Poland & Yes Yes | Yes § Yes | Yes
Romania S LI Yes | Yes Yes | Yes | Yes
Russia B B 7 Yes | Yes
Serbia =L 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 Er 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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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
Benin ] Yes | Yes
Djibouti + Yes | Yes
Egypt ENES Yes | Yes Yes Yes | Yes
Ghana #rih Yes Yes
oy Niger B Yes Yes Yes
(19) Nigeria ERIRUER Yes | Yes Yes Yes Yes
Mali 541 Yes
Mauritania ¥R L Yes
Senegal BN f Yes | Yes
South Africa e Yes | Yes | Yes | Yes | Yes [ Yes | Yes | Yes
Sudan R Yes
Togo 2 Yes Yes
Tunisia REE R Yes
Uganda §+i Yes
Zimbabwe E R Yes
Libya v & Yes
Canada bo £ Yes
£ Chile Enll Yes
(4) Mexico L) Yes Yes Yes Yes Yes
United States of 5
America W Yes | Yes Yes Yes
X )
Australia P Yes Yes Yes
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Plasticity of the Influenza Virus H5 HA Protein

Huihui Kong, David F. Burke, Tiago Jose da Silva Lopes, Kosuke Takada, Masaki Imai, Gongxun Zhong,
Masato Hatta, Shufang Fan, Shiho Chiba, Derek Smith, Gabriele Neumann, Yoshihiro Kawaoka
Michael S. Diamond, Editor

Abstract

Since the emergence of highly pathogenic avian influenza viruses of
the H5 subtype, the major viral antigen, hemagglutinin (HA), has
undergone constant evolution, resulting in numerous genetic and
antigenic (sub)clades. To explore the consequences of amino acid
changes at sites that may affect the antigenicity of H5 viruses, we
simultaneously mutated 17 amino acid positions of an H5 HA by
using a synthetic gene library that, theoretically, encodes all
combinations of the 20 amino acids at the 17 positions. All 251
mutant viruses sequenced possessed >13 amino acid substitutions in
HA, demonstrating that the targeted sites can accommodate a
substantial number of mutations. Selection with ferret sera raised
against H5 viruses of different clades resulted in the isolation of 39

genotypes. Further analysis of seven variants demonstrated that they
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were antigenically different from the parental virus and replicated
efficiently in mammalian cells. Our data demonstrate the substantial
plasticity of the influenza virus H5 HA protein, which may lead to
novel antigenic variants.

IMPORTANCE The HA protein of influenza A viruses is the major
viral antigen. In this study, we simultaneously introduced mutations
at 17 amino acid positions of an H5 HA expected to affect antigenicity.
Viruses with >13 amino acid changes in HA were viable, and some
had altered antigenic properties. H5 HA can therefore accommodate
many mutations in regions that affect antigenicity. The substantial
plasticity of H5 HA may facilitate the emergence of novel antigenic

variants.
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