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Technical Appendix

Technical Appendix Table 1. Calculated time to the most recent common ancestor for selected segments of avian influenza
(H5N®) virus with 95% credible interval and posterior value*

95% HPD Posterior
Segment Nodet tMRCA Earliest date Latest date value
NA 1 2013 Sep 07 2012 Jun 04 2014 Oct 01 0.9965
2 2015 Nov 17 2014 Dec 10 2016 Jul 14 0.9989
3 2016 May 24 2015 Aug 16 2016 Nov 23 0.9868
4 2017 Oct 16 2017 Jul 07 2017 Dec 06 0.9988
HA 1 2016 Jun 01 2016 Jan 15 2016 Sep 24 0.9994
2 2016 Jun 22 2016 Feb 20 2016 Oct 07 0.2298
3 2016 Oct 08 2016 Jul 19 2016 Nov 22 0.9997
4 2017 Jul 26 2017 Feb 26 2017 Oct 31 0.9950
5 2017 Sep 14 2017 Jun 04 2017 Nov 20 0.9994

*HPD, highest posterior density interval; tMRCA, time to most recent common ancestor (median).
1tNodes of the time-scaled phylogenetic tree.

Technical Appendix Table 2. Analysis of sequence features in influenza viruses associated with increased human risk*

Protein Position Present Increased

PB2 D256G No Replication
Q591K No Replication
E627K No Virulence
D701N No Replication
S714R No Replication

PB1t V3A No Virulence
H99Y No Airborne transmission
K207R No Virulence
N328K No Virulence
1368V No Airborne transmission
N375S No Virulence

PA T85I No Replication
T971 No Virulence
G186M No Replication
L336S No Replication
S409N No Human transmission
K615N No Replication
G631S No Virulence

H5 Various residues No Binding to a2—6
119Y, 172A, 238L, 240S No Airborne transmission
450K, 459K, 403I No Acid stability

NP R99K No Airborne transmission
N319K No Replication
S345N No Airborne transmission
Q357K No Virulence

N6 V116A No Resistance to oseltamivir, zanamivir
E119V No Resistance to oseltamivir, zanamivir
Q136K No Resistance to zanamivir
D199N Yes Resistance to oseltamivir
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Protein Position Present Increased

H275Y No Resistance to oseltamivir, zanamivir
M1 N30D Yest Virulence

T139A No Virulence

Y215A Yest Virulence
NS1 P42S Yest Virulence

D92E No Virulence

L103F Yest Virulence

1106M Yest Virulence

80—-84 No Virulence

*PB, polymerase basic; PA, polymerase; HA, hemagglutinin; NA, neuraminidase; M, matrix; NP, nucleoprotein, NS,
nonstructural protein.

1PB1-F2 truncation amino acids 12—-90

FSequence features of H5 Clade 2.3.4.4 viruses
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Technical Appendix Figure 1. Map of the Netherlands, showing locations of the duck farm (red) and the
dead wild birds infected with HPAI H5N6 (blue).
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EP1 ISL 288410 A/ swan/NL-Elburg/17017377-00172017 HSNG NP
EP ISL 288412 AIT.OWNL Hulshorst17017367.007/2017 H5N6 NP

99| EPI ISL 288409 A/M Swan/NL Hulshorsy17017367-01272017 H5NG NP
EP1ISL 287907 AID/NL Biddinghuizen/17017237.001005/2017-H5N6 NP

] —— S
iy =
e ' < (PAHS iuses

100
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ISL 207048
200832 AEMYunnan/07.11 DQXY20/2015 HSNG NP



EPIISL 216914 A/Dk/Guizhou/013/2014 HENG NA
70 EPIISL 21983 HBN6 N
EPIISL 252834 ADI
EPIISL 220502 A/C}

— EPI ISL 113765 A/DK/Fujian/6955/2006 HENG NA
EPIISL 273060 NA
EPIISL 179432 A/DK/Yamagata/061004/2014 HGN6 NA
= EPIISL 219832 i HBNB N

EPIISL 205119 YHQL22/2014 HSNG NA
EPIISL 2!
EPIISL 279513 A/Mus Dk/Vietnam/LBM811/2015 HEN6 NA
EPIISL 146883 A/Dk/Guangxi/GXd-7/2011 HENS NA

EPI ISL 158814 AIDk/Vietnam/LBMS533/2013 H3N6 NA
EPIISL 112494 A/DI H6NG NA

EPIISL 146881 A/Dk/Guangxi/GXd-4/2009 HENG NA
100 —‘ [:Epn SL 21 gsh
EPI1SL 273051 A/DI i HBN6 NA

EPI ISL 99582 A/Dk/Eastern China/13/2010 HEN6 NA
EPI ISL 179385 A/DI H3N6 NA
EPI ISL 89164 A/swine/Guangdong/K6/2010 HENG NA
99 - EPIISL 221391 A/Env/Guangdong/GZ670/2015 H5SNG NA
EPI ISL 240531 A/Ch/Niigata/1-4C/2016 HSN6 NA
EPI ISL 240704 A/Guangxi/55726/2016 HSN6 NA
r: EPI ISL 255702 A/Dk/Hunan/HN230/2015 HSN6 NA
EPIISL 255754 H5NG NA
EPI ISL 231527 A/Dk/Vietnam/LBM824/2015 HSNE NA
EPI ISL 207051 A/Shenzhen/TH002/2016 HSN6 NA

81 EPIISL 255888 H5NG NA
EPI ISL 30673 A/DI i H4NG NA
EPIISL 76652 A/DI OIE- NA
EPIISL 13948 PM38/2005 H3NG NA
85 EPI ISL 71340 A/DK/Ji N

EPIISL 15257 A/Dk/Eastern China/376/2004 HANG NA
EPI ISL 3261 A/Dk/Taiwan/10-2/00 HAN6 NA
EPI ISL 3162 A/Dk/Nanchang/8-174/2000 H3N6 NA
EPI ISL 76440 AMall. il HENG NA
EPI ISL 170528 A/swine/Kazakhstan/106/1985 H3N6 NA
EPIISL 71938 A/Dk/Taiwan/0648/2006 HANG NA
EPI ISL 64901 A/Mal/Yan chen/2005 HANG NA
EPIISL 68033 iberi: H4NGE NA
EPIISL 158211 A/Mal/Sweden/3272/2003 HANG NA

EPIISL 235197 A/CH HANSNA
EPI ISL 98864 A/Mal/Germany/1240/2007 HANG NA
EPI ISL 325 i i 1977 HAN6 NA
EPI ISL 138847 A/Dom Gr-Wi teal/Hunan/2036/2007 H3N6 NA
-{:‘ EPI ISL 93953 A/IDk/Korea/U10-2/2007 H3NG NA
Tl EPIISL 168478
9 EPI ISL 70634 A/Mus Di/Fujian/FZ01/2008 HENG NA
o EPIISL 177449 i g"
L EPIISL 244613 A/Dk/Shanghai/421-2/2009 HAN6 NA
EPI ISL 73365 A/Mal/NL/1/1999 HANG NA

[— EPI ISL 73371 A/Mal/NL/5/2001 H3N6 NA

100 EPIISL 158327
L‘—'j EPI ISL 16390 A/Mal/Germany/Wv1806-09k/03 HANG NA
98 EPI ISL 73377 A/Mal/Sweden/41/2002 H1ON6 NA|

100 EPIISL 149880 NA
EPI ISL 89178 AW Dk/Taiwan/WB306/2002 HANG NA
EPI ISL 252832 A/Dk/Ganzhou/GZ5/2015 HANG NA/
EPI ISL 267342 A/Mal DK/NL/2/2013 H3N6 NA
EPI ISL 243397 AMal Dk/NL/27/2009 HANG NA
EPI ISL 131204 A/Di/Korea/DY104/2007 H4N6 NA

EPIISL 209131 H4NE NA
EPI ISL 273207 A/Dk/Moscow/4643/2011 HANG NA
EPIISL 209114 ADk/Mongolia/118/2015 HANG NA
EPI ISL 243498 A/Mal Dk/NL/2672010 H4N6 NA

EPIISL 119471 VOIE-3071/2011 H4NG NA
EPIISL 121436 ADKVietnam/OIE-0155/2012 HANG NA
EPIISL 133659 OlE.

EPIISL 134306 ADK/Vietnam/OIE-3223/2011 HANG NA
EPIISL 133706 A/Dk/Jiangsw/4/2010 H3NG NA
EPIISL 165807 A/D 1784/2010 HANS NA
EPI ISL 209133 ADI HANG N
EPIISL 243663 A/Mal Dk/NL/30/2014 H4NS NA
99 ~ EPIISL 273208 A/Dk/Moscow/4852/2011 HANG-NA
EPI ISL 273209 A/Dk/Moscow/4781/2012 HANG-NA
EPI ISL 243664 A/Mal Dk/Netherlands/19/2012 HANG-NA
EPIISL 267243 A/bamacle goose/NL/2/2014 H3N6 NA
99~ EPI ISL 287800 A/spoonbill/Taiwan/DB645/2017 H5N6 NA
LC335985.1-A/M swan/Shimane/3211A001/2017-H5N6 NA
EPIISL 288364 A/Ch/Greece/39 2017b/2017 HSN6 NA
EPIISL 288409 A/M Swan/NL-Hulshorst/17017367-012/2017 H5NG NA
EPI ISL 287907 A/DK/NL Biddinghuizen/17017237-001005/2017-H5N6 NA
100 | EPI ISL 288410 A/M swan/NL-Elburg/17017377-001/2017 HSN6 NA
EPIISL 288412 AIT-DK/NL-Hulshorst/17017367-007/2017 HSN6 NA

EPIISL 1108 A'D} 4/1984 HSN6 NA

EPIISL 8928 A/Dk/Hong Kong/365/1978 HANG NA
95 EEPI ISL 3213 A/Dk/Hong Kong/147/77 HON6 NA
97 EPI ISL 8927 A/DK/HK/231/1977 H3NG NA

{— EPI ISL 132844 A/Dk/Czech Republic/1956 HANG NA

EPIISL 80217 Al H1INE NA

H1

T EPIISL 131205 i H4NG NA

L EPIISL 594 1331/1981 H1ONG NA
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EPI ISL 240531 A/Ch/Niigata/1-4C/2016 H5NG MP
EPIISL 247396 A/Ch/Saga/1-2T/2017 H5NG MP
EPIISL 239424 AMus Dk/Aomori/1-10C/2016 HSNG MP
EPI ISL 242407 A/Ch/Gifu/1-2T/2017 HSNG MP
EP!ISL 199052 A/Dk/Hunan/02.07 YYFQH015-P/2015 H5NG MP
EPI ISL 266600 A/Env/Guangdong/F3/2015 H5N6 MP
EPI ISL 266819

6 HSNG MP
EPI ISL 243344 AW pigeon/Jilin/CC01/2014 HSNG MP
EPIISL 173146 A/Dk/Vietnam/LBM360c1-4-1/2013 H5SN6 MP

EPIISL 199011 A/Ch/Hubei/03.06 WHWTZ0115-0/2015 H5N6 MP

7%

EPIISL 205121 A/Dk/Taizhow/TZYG12/2015 HSN6 MP
100 EPIISL 198874 A/DI 27 NBXJ713/2014 H5N6 MP
9 EPI ISL 200287 A/Dk/Hunan/04.14 YYGK067-0/2015 H5N6 MP
EPIISL 130353 A/Di/HuBei/03/2010 H5N5 MP

L] 93 EPIISL 195769 3 HSNS MP

L EPIISL 201799 H5NS MP

EPIISL 94330 Chi H5N5 MP
EPIISL 219885 HSN8 MP
EPIISL 200257 27 DGQTSJ121. ( ) HSNG MP
— o

EPIISL 5884 AlTy/Ireland/1378/1983 HSN8 MP
EPIISL 1108 ADDI

16-4/1984 H5NG MP

EPIISL 224752 A/Great Black-headed Gull/Qinghai/YO1-8/2016 H5NS MP

_|_

EPIISL 267136 A/GR-Wi teal/Egypt/877/2016 H5NS MP
100

gg LC335986.1-A/M swan/Shimane/3211A001/2017-H5NG MP

EPI ISL 287800 A/spoonbill/Taiwan/DB645/2017 H5N6 MP
EPIISL 253037 A/Ch/Wales/000023/2016 H5NS MP

EPIISL 275287

7 HSNS MP
EPI ISL 288364 A/Ch/Greece/39 2017b/2017 H5N6 MP

— EPI ISL 237966 A/Dk/Hungary/55191/2016 H5N8 MP

— EPI ISL 255211 A/Ha hawk/Hungary/27620/2017 HSN8 MP
[—— EPIISL 249682 A/Dom Go/Germany-BY/R677/2017 H5N§ MP
|—— EPI ISL 255937 A/Pheasant/Hungary/7685/2017 H5N§ MP

EPI ISL 288412 A/T-DWNL-Hulshorst/17017367-007/2017 H5N6 MP
EPIISL 288409 A/M Swan/NL-Hulshorst/17017367-012/2017 H5N6 MP
L EPI ISL 288410 A/M swan/NL-Elburg/17017377.001/2017 H5N6 MP

EPI ISL 287907 A/DK/NL Biddinghuizen/17017237.001005/2017.H5N6 MP
EPIISL 234400 A/Mal/Poland/266/2010 H5N6 MP

EPIISL 179386 A/Dk/Quang Ninh/19¢511/2013 HSN8 MP

0 SRR . American LPAI H5 viruses
EPIISL 199006 o7 HENG MP
84 EPI ISL 244537 A/Ch H5NG MP
1% EPIISL 244534 A/Ch/Taishun/TS2/2016 H5NG MP
EPI ISL 200281 .15 2/2015 H5N6 MP
EP1ISL 221885 A/CI

10.16 SZLGKQHY-072/2015 H5NG MP
HSN6 MP
EPIISL 198992 A/EnviJiangxi/05.07 NCJD0070C/2015 HSNG MP

EPIISL 244533
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EPIISL 240607 AM swan/Kyoto/dT/2016 HSNG NS
EPIISL 233427 A/Ch/Niigata/2-5C/2016 H5NG NS

EPI ISL 243673 A/Ch/Miyazaki/2-2C/2017 HSN6 NS
of [/ EP1ISL 243683 A/ChMiyazakir2-1C/2017 HENG NS
EPI ISL 255822 A/Go/Anhui/AH350/2015 H5N6 NS

EPI ISL 278031 A/Qu/Zhanjiang/16887/2016 H5NG NS
EP1ISL 255830 A/Go/Hunan/116/2014 HSNG NS

EPI ISL 255870 AMus/DK/Hunan/93/2014 HSN6 NS
EPIISL 255828 A/GoHunan/111/2014 HSNG NS

EPIISL 199009 07 NCJD0093C/2015 HSNG NS
EPIISL 199072 ADK/Hunan/02 07 YYFQH032-0/2015 HSNG NS
EPI ISL 198987 A/Dk/Jiangxi/05.07 NCJDO061A-P/2015 H5NE NS

EPIISL 219824 AEmXinjiang/00324/2014 HSNG NS
EP1ISL 255850 152015 HSNG NS
EPIISL 173146 ADK/Vietnam/LBM360c1-4-12013 HSNG NS
EPIISL 200275 06
EP1ISL 24750 ADkHunnan70/2004 HSNS NS
EPIISL 130354 ADK/HuBei/03/2010 HSNS NS
EPIISL 139385 10
EPI ISL 152087 AIDk/Guangdong/wy24/2008 HSNS NS
EPIISL 139386 AXQuiiangswk0104/2010 HSNS NS
EPIISL 139384 A/Go/Guangdong/k01032010 HSNS NS
EPIISL 139383 A/Go/Shandong/k1204/2009 HSNS NS
EP1 ISL 94329 ADK/Eastem China/008/2008 HSN5 NS
EPI ISL 255389 A/CI
EPIISL 200260 16 SZLGWL HSNG NS
EPI ISL 169351 ATTy/Germany-NUR3372/2014 HSN8 NS
”93 EPIISL 199148 A/Ch/Okayama/1-2/2015 H5NB NS
EPIISL 181081 AMalKoreaKU3-2/2015 HENS NS
EPI ISL 208830 A/Go/Eastern China/L1214/2012 HSNS NS
EPIISL 244536 HSNG N

EPIISL 198835 AEmAiangxi/02.10 NCDZT001872015 HSNG NS

%9 EPI ISL 207051 A/Shenzhen/TH002/2016 HSNG NS

HSNE NS

EP1 ISL 244534 A/Ch/Taishun/TS2/2016 HSN6 NS
EPI ISL 207048 A/Shenzhen/TH003/2016 H5N6 NS
EPI ISL 199011 AICh/Hubei/03.06 WHWTZ0115.0/2015 H5NE NS
EP1ISL 198959 A/EnviJiangxi/05.07 NCJD0023D/2015 HSN6 NS
EPI ISL 200838 A/Yunnan/DQ002/2015 HSN6 NS
EPIISL 244527 YSYGS/2015 H5NG NS
EPIISL 199085 A/ChvYunnan/03.15 DQJT0054-2-P/2015 H5N6 NS
EP1ISL 12434 A/migratory Dk/Hong Kong/MP5883/2005 H5N8 NS

EPIISL 219874 ADKTaiwan/A3400/2015 HSNB NS

EPIISL 219876 1026/2015 H5N8 NS
EPIISL 196592 A/GolJiangswWX202/2014 H5NG NS

LC335987.1.A/M swan/Shimane/3211A001/2017-H5N6 NS
EPI ISL 268410 A/M swan/NL Elburg/17017377.00172017 H5N6 NS
EPI ISL 288412 A/T-DKINL HulshorsU17017367.007/2017 H5NG NS
991 £p1ISL 288409 AIM Swan/NL Hulshorsy17017367-012/2017 HSN6 NS
EPI ISL 287907 A/DKINL Biddinghuizen/17017237-00100572017-H5N6 NS
EP1 ISL 256817 A/Ty/Germany-NUR9807/2016 HSNB NS
EPI ISL 288364 AICh/Greece/39 2017b/72017 HSN6 NS
EPIISL 239420 ADi'Hungary/60441/2016 HSN8 NS
EPIISL 271714 AMul DivHungary/59163/2016 HSN8 NS
EPI ISL 282141 A/swantaly/17VIR7064-1/2017 HSN8 NS
EPI ISL 282143 A/Go/ltaly/17VIR6358-3/2017 HSNS NS
L EPIISL 135091 AMalCalformia/2559P/2011 HSN8 NS
EPIISL 5884 A/Ty/ireland/1378/1983 HSNS NS

ey . American LPAI HS

T EPIISL 1108 16-4/1984 HSNG NS
) EPIISL 179386 A/Dk/Quang Ninh/19¢511/2013 HSNS NS
i 7 N. American LPAI H5
—_—
005

Technical Appendix Figure 2 (following pages). Phylogenetic analysis was performed for each gene
segment. Related sequences in the GISAID database (http://platform.gisaid.org) were clustered using the
CD-HIT algorithm, using identity setting of 0.97—0.985. Phylogenetic trees were generated using the
neighbor-joining method with 1,000 bootstrap replicates within the MEGAG6 software package. The
maximum composite likelihood model was used with a gamma distribution (shape parameter = 1) for rate

variation. The optimal phylogenetic trees are shown, and are drawn to scale. The GISAID accession
numbers of the viruses are shown in the trees, as are the novel viruses isolated from the commercial duck
farm (EPI ISL 287907), the tufted (EPI ISL 288412), and the 2 mute swans (EPI ISL 288409 and EPI ISL
288410). Groups A-D of clade 2.3.4.4 are indicated. The H5NG6 viruses isolated in the Netherlands are in
red, the H5N®6 viruses isolated in Greece, Japan, and Taiwan are in blue, and the taxons comprising
H5NG6 viruses isolated from humans are in green. Segments shown are A) polymerase basic (PB2); B)
polymerase basic (PB1); C) polymerase (PA); D) hemagglutinin (HA); E) nucleoprotein (NP); F)

neuraminidase (NA); G) matrix protein (MP); H) nonstructural protein (NS).
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http://platform.gisaid.org/

EPLIMR@MWI 1C/2017_H5N6_HA/2017-03-23

5_Alchicken/XuzhowXZ6/2016_H5N6_HA/2016-02-13
EPI_ISL_199402 AlduckiJiangi02.05_YGYXG038-P/2015_H5N6_HA2015-02-05
EPI_ISL_253046_A/chicken\JaparVAQ-HE144/2015_HSN6_HAZ2015-11-25

EPL_ISL_205120_AlduckWuhanJXYFB22/2015_H5N6_HA015-01-15

E&&aosmmmymmms_m‘mmsm-is
duck/Korea/H

ATyMalyN7 7_H5N8_2017-07-23__HA/2017-07-23

EPIISL ZBW ACh/Greece/39_20170/2017 H5N6_HA2017-02-06
1_ISL,_249691_Alchicken/Germany-MV/R10048/2016_HSN8_HA2016-11-27

EPI_ISL_288409_ AM_Swan/NL-Hulshorst/17017367-012/2017_H5N6_HA/2017-12-09
EPI_ISL_288410 AM_swan/NL-Elburg/17017377-001/2017_H5N6_HA/2017-12-09
EPI_ISL_288412_A/T-Dk/NL-Hulshorst/17017367-007/2017_H5N6_HA/2017-12-09
EPI_ISL_287907_A/DK/NL_Biddinghuizen/17017237-001005/2017-H5N6_HA/2017-12-07_2017-12-07
L .1-AM_swar/Shimane/3211A001/2017-H5N6_HAR017-11-27
EPI_ISL_287800_A/spoonbill Taiwar/DB645/2017_HSEN6.
5 .

5_HAR017-
EPLISL_270372_Alspot-billed_ WUEMPDIZOZGQMGJ-KSNB HA&OI3»12~O2

EPIISL_195769 N8)_ H5NS
EPL_ISL_270358_ Aloommon_tealShangha/PD1108-132013. H5N8, HA201 o106
EPL_ 5 Alcommon_teal/ShanghaiPD1121-15/2013_HSNB_HA2013-11-21
EPI_ISL_196502_AlgooseiangswWX202/2014_HSNS | 15
EPL_ISL_205119_AkluckWenzhowYHOL22/201 S HA01401-15

I ISL_139385_ Alduckiiangsuk1203/2010_HSNS_HA20
EPl_lSL_219&24_An= nfang/00324/2014_HSN6_HA2014-10-22

1L 139384, ) HSNS |
EP1ISL1a0e6 AluallangeUf 01042010 1S HA010-01-08
HA/2008-06-06

EPLISL_152087. 4/2008_H5NS |
EPI_ISL_130353_A/duck/HuBetl03/2010_H5N5_HA2010-03-28

2005 2007.5 2010 2012.5 2015
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Technical Appendix Figure 3 (following pages). Molecular dating was performed for the (A)
hemagglutinin (HA) and (B) neuraminidase (NA) gene segments. We estimated the tMRCA of 86 HA and
118 NA gene segment sequences; the GISAID accession numbers of the viruses are shown in the trees.
Time scaled phylogenies (dates shown on the horizontal axis) were reconstructed using a Bayesian
Markov chain Monte Carlo (MCMC) framework implemented in the BEAST software package (v 1.8.4)

(http://beast.community/beast) with the SRDO6 nt substitution model, the Bayesian Skyline coalescent

model, and an uncorrelated lognormal relaxed molecular clock. Three MCMC runs of 50 x 106 states
sampling each 5,000 steps were combined to obtain an effective sample size of >200. Maximum clade
credibility (MCC) trees were reconstructed with 10% burn-in and the posterior distribution of relevant
parameters were assessed in Fig Tree v 1.4.3 (http://tree.bio.ed.ac.uk/software/figtree). The H5SN6
viruses isolated in the Netherlands are in red and those isolated in Greece, Japan, and Taiwan are in

blue.
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