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Afghanistan e & iF Yes Yes
Azerbaijan I T Yes | Yes
Bangladesh F e Yes | Yes Yes | Yes
Bhutan 3 = Yes Yes Yes Yes
Cambodia R R Yes | Yes Yes | Yes [ Yes | Yes | Yes
China ¥R Yes | Yes | Yes Yes
Cyprus F e gt Yes | Yes [ Yes
Hong Kong ik Yes | Yes | Yes Yes
India R Yes | Yes Yes | Yes | Yes § Yes | Yes
Indonesia B R Yes | Yes Yes Yes
Iran =P Yes Yes Yes
Israel é 7| Yes Yes Yes Yes Yes Yes Yes Yes
Iraq E R Yes | Yes | Yes Yes | Yes Yes
Japan P Yes Yes Yes Yes Yes Yes YEs Yes
Jordan He Yes
Kazakhstan 4 Yes Yes Yes
(L:;gp) N. Korea fa 13 Yes Yes Yes Yes
Korea R Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Kuwait FRAF Yes | Yes
Laos 7 B Yes | Yes
Malaysia 5 ke Iy Yes | Yes
Mongolia 57 Yes Yes
Myanmar @ Yes | Yes
Nepal op Yes Yes Yes Yes Yes
Pakistan T A ET Yes Yes
Palestinian e BT Yes Yes
Philippines e Yes Yes | Yes | Yes Yes
Lebanon = B Yes
Saudi Arabia ¥R | Yes | Yes
Taiwan E Yes Yes Yes Yes Yes Yes Yes Yes
Thailand 3R Yes | Yes
Turkey ERRERE! Yes | Yes Yes Yes
Vietnam A% 3 Yes Yes Yes Yes N(ES
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Albania fe g = R Yes Yes Yes
Austria 734 Yes | Yes | Yes | Yes [ Yes | Yes § Yes | Yes
Hi‘iig;i?:a if;;;: E; ‘; Yes Yes Yes | Yes | Yes | Yes
Belgium A pE Yes | Yes | Yes | Yes | Yes | Yes [ Yes [ Yes
Bulgaria iete 1 37 Yes | Yes Yes Yes | Yes Yes Yes
Croatia REE I Yes | Yes [ Yes Yes | Yes
Czech Republic i Yes [ Yes | Yes | Yes | Yes | Yes | Yes [ Yes
Denmark + % Yes | Yes | Yes | Yes Yes Yes Yes | Yes
France = Yes [ Yes | Yes | Yes | Yes | Yes | Yes [ Yes
Finland By Yes | Yes [ Yes Yes Yes
Estonia RN Yes | Yes Yes Yes | Yes
Faeroe Islands F R Yes | Yes [ Yes
Georgia Bindr Yes
Germany R Yes | Yes | Yes | Yes | Yes | Yes | Yes [ Yes
Greece # Yes | Yes Yes
Hungary @7 41 Yes [ Yes | Yes | Yes | Yes | Yes | Yes [ Yes
wM Iceland k5 Yes Yes Yes | Yes | Yes
o Ireland TR W Yes | Yes Yes | Yes | VYes
Italy B Yes | Yes | Yes | Yes [ Yes | Yes | Yes | Yes
Latvia Full) A Yes Yes Yes | Yes | Yes
Lithuania = i % Yes Yes Yes Yes Yes Yes Yes
Luxembourg kb & F Yes | Yes Yes Yes | Yes
Macedonia 5 H &g Yes
Montenegro FEMER Yes | Yes Yes
Moldova BE S Yes Yes Yes Yes Yes Yes
Nederland i Yes Yes Yes Yes Yes Yes Yes Yes
North Macedonia 5 H g Yes Yes Yes Yes
Norway EA Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Poland w Yes | Yes | Yes | Yes [ Yes | Yes f Yes | Yes
Portugal 757 Yes | Yes | Yes | Yes | Yes | Yes | Yes [ Yes
Romania BE LI Yes | Yes | Yes | Yes Yes | Yes Yes | Yes
Russia B R Br Yes | Yes Yes
Serbia ER AL Yes Yes Yes Yes N(ES
Slovakia SRS (T Yes Yes Yes Yes Yes Yes Yes Yes
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Slovenia LR A Yes Yes Yes Yes Yes Yes
Spain @ FL7 Yes Yes Yes Yes Yes Yes Yes
- Sweden T & Yes [ Yes | Yes [ Yes [ Yes Yes § Yes | Yes
e Switzerland s Yes Yes Yes Yes Yes
Ukraine B Yes Yes Yes Yes Yes Yes Yes Yes
United Kingdom ER Yes Yes Yes Yes Yes Yes Yes Yes
Algeria fe i 2 {47 Yes Yes
Burkina Faso *ENE oz Yes Yes Yes Yes Yes Yes Yes Yes
Benin ] Yes Yes Yes Yes
Botswana DS RS Yes Yes Yes
Cameroon 3 7S Yes Yes Yes Yes Yes
Ceuta [ 4 Yes | Yes
Congo B 5 Yes
Cote d'lvoire %7 % g Yes Yes
Djibouti + Yes Yes
Egypt % % Yes Yes
Ghana fuakiy Yes Yes Yes Yes Yes
Gabon ‘v Yes Yes Yes
Gambia oI Yes Yes
Guinea Ap oIy Yes Yes Yes Yes Yes Yes
Libya SRS Yes
f;g Lesotho S Yes
Liberia LR Yes
Niger Rop Yes Yes Yes Yes Yes
Nigeria ERRUER Yes Yes Yes Yes Yes
Namibia A Yes Yes
Mali 571 Yes Yes
Mauritania FER & Yes Yes
Mozambique E= Yes
Reunion ¥ R P Yes
Senegal BN AR Yes Yes Yes Yes Yes
South Africa s 2b Yes Yes Yes Yes Yes Yes Yes Yes
Sudan R Yes
Togo 58 Yes Yes Yes
Tunisia REE I Yes
Uganda R ¢ Yes
Zimbabwe < 2 7y Yes
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Argentina fe 32 Yes Yes Yes Yes Yes Yes
Bolivia HAlaL Yes | Yes Yes
Brazil = g Yes Yes Yes Yes Yes Yes Yes
Canada do £ 4 Yes | Yes | Yes | Yes | Yes | Yes | Yes [ Yes
Chile A1l Yes Yes Yes Yes Yes Yes Yes
Colombia BiGI Yes | Yes | Yes | Yes Yes Yes
Costa Rica BT R 4 Yes | Yes
Cuba o Yes | Yes
Ecuador W Yes Yes | Yes Yes
Falkland Islands A R Yes Yes Yes
g Greenland i g Yes Yes
(22) Guatemala AE 5 Yes
Honduras ikt
Mexico EdHR Yes | Yes | Yes [ Yes | Yes | Yes | Yes | Yes
Panama d Yes | Yes Yes
Peru & Yes Yes Yes Yes Yes Yes Yes Yes
Puerto Rico D S S Yes
Paraguay o Yes | Yes
ot St mangs | apipms | Y e
Uruguay § 43 Yes Yes Yes Yes
Venezuela = EA Yes | Yes
America iR Yes Yes Yes Yes Yes Yes Yes Yes
Adustralia B Yes Yes Yes
"("';;)’"”' New Zealand ad B Yes Yes
" alr;(ljar':/(lj(;Donald MG 2 SR RES Yes
2026 E =g RIS
2026 E R F L B ﬁ’q":“,ﬁ%
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Polymerase trapping as the mechanism of H5 highly

pathogenic avian influenza virus genesis

Mathis Funk, Monique I. Spronken, Roy M. Hutchinson, Benoit Arragain, Pauline Juyoux, Theo M. Bestebroer,
Anja C. M. de Bruin, Alexander P. Gultyaev, Ron A. M. Fouchier, Stephen Cusack, Aartjan J. W. te Velthuis, and
Mathilde Richard

Abstract

Highly pathogenic avian influenza viruses (HPAIVS) derive from H5
and H7 low pathogenic avian influenza viruses (LPAIVS). Although
insertion of a furin-cleavable multibasic cleavage site (MBCS) in the
hemagglutinin gene was identified decades ago as the genetic basis for
the LPAIV-to-HPAIV transition, the mechanisms underlying the
occurrence of insertion are unknown. Here, we show that transient H5
RNA structures, predicted to trap the influenza virus polymerase on
purine-rich sequences, drive nucleotide insertions, providing empirical
evidence of RNA structure involvement in MBCS acquisition.
Introduction of H5-like sequences and structures into an H6
hemagglutinin resulted in MBCS-yielding insertions. Our results show

that nucleotide insertions that underlie H5 HPAIV emergence result
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from an RNA structure—driven diversity-generating mechanism, which

could also occur in other RNA viruses.
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