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In this document we present a summary of H1 and H3 swine influenza A virus evolution.
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Swine influenza A viruses: Acknowledgements and Methods
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performed at NADC.

Brief Methods for Genetic and Antigenic Analyses

Analyses were conducted by subtype and lineage or clade. Reference sequences and new data
(deposited Jan 1, 2022 — June 30, 2022) were downloaded from GISAID or GenBank were aligned
with MAFFT (Katoh and Standley, 2013) using default settings. Alignments for each segment were
inspected manually and trimmed to the start and stop codon. Exploratory trees were run using
FastTree (Price et al., 2009). Tabular comparisons between current CVVs or human seasonal vaccine
strains and new swine data were generated using the NADC IAV bioinformatic toolkit
(https://github.com/flu-crew). A clade representative was selected using PARNAS
(https://github.com/flu-crew/parnas) and the best matched available strain was selected for testing
against reference ferret antisera in hemagglutination inhibition (HI) assays. All HI assays were
performed with ferret anti-sera and guinea pig red blood cells. H3N2 assays were performed with the
addition of oseltamivir.
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Global influenza A events in swine
Epidemiology
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Flgure 1 MlcroReact map of swine IAV Hl HA genes colored by phylogenetlc clade for seqguences
collected and deposited to GISAID or GenBank between January 1, 2022 — June 30, 2022 (n=237);
collection date is represented on bottom timeline. Strains submitted with only partial date were
assigned a random date to preserve temporal clusters. Geographic nodes scaled to detection
proportions.
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Flgure 2 MlcroReact map of swine IAV H1 HA genes colored by phylogenetlc clade for sequences
collected from June 30, 2020 —June 30, 2022 and deposited to GISAID or GenBank between June
30, 2020— June 30, 2022 (n=345); collection date is represented on bottom timeline. Strains
submitted with only partial date were assigned a random date to preserve temporal clusters.
Geographic nodes scaled to detection proportions.
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Flgure 3 MlcroReact map of swme IAV H3 HA genes colored by phylogenetlc clade for sequences
collected and deposited to GISAID or GenBank between Januaryl, 2022— June 30, 2022 (n=111).
Strains submitted with only partial date were assigned a random date within the provided year to
preserve temporal clusters. Geographic nodes scaled to detection proportions.
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Figure 4. MlcroReact map of swme IAV H3 HA genes colored by phylogenetlc clade for seqguences
collected from June 30, 2020— June 30, 2022 and deposited to GISAID or GenBank between June
30, 2020- June 30, 2022 (n=116). Strains submitted with only partial date were assigned a random
date within the provided year to preserve temporal clusters. Geographic nodes scaled to detection

proportions.



Contemporary Global H1 swine IAV: genetic diversity
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Figure 5. Global swine H1 phylogenetic tree colored by clade and annotated by global H1 lineage
nomenclature. Analyses were conducted with reference sequences and data (all data deposited
January 1, 2022 — June 30, 2022) from GISAID or shared via the OFFLU swine IAV working group.



Contemporary Global H3 swine IAV: genetic diversity
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Figure 6. Global swine H3 phylogenetic tree colored by clade and annotated by decade of introduction
from human seasonal H3. Analyses were conducted with reference sequences and data (all data
deposited January 1, 2022 — June 30, 2022) from GISAID or shared via the OFFLU swine 1AV working

group.



Regional geographic summary

Phylogenetic analysis identified 26 genetic clades from H1 and H3 IAV in swine in genetic
sequence data deposited between January 1, 2022 — June 30, 2022.

18 clades were H1 subtype, with detections from each of the lineages: 1A classical swine
lineage (7 clades); 1B human-seasonal lineage (6 clades); and 1C Eurasian avian lineage (5
clades).

e The 1A classical swine lineage viruses have global detection: 1A.1.1 in USA and
Canada; 1A.2 in Canada; 1A.4 in USA; 1A.3.3.3in USA. The 1A.1.5.1 and 1A.1.5.3 HA
genes were only detected in Japan. The 1A.3.3.2/pdm circulated in all countries that
deposited sequence data during this 6-month period (5 late breaker sequences from the
UK not in clade counts).

¢ 1B.1 human seasonal lineage was only in Europe (5 late breaking sequences from the
UK not in clade counts), and the 1B.2 human seasonal lineage was only in the USA.

e The 1C.2 Eurasian avian lineage was detected in Europe and Russia. The 1C.2.3 HA
clade was reported in China, but these data were collected in 2020.

Eight H3 clades were detected in swine within six distinct lineages derived from human seasonal
H3 virus spillovers grouped by the decade of introduction (1970.1; 1990.4; 1990.6; 1990.7;
2010.1; 2010.2). The 1990.4 lineage diversified into three co-circulating genetic clades.
e The H3 2010.1 and 2010.2 clades were only detected in the USA, the H3 1970.1 clade
was only detected in Europe. The 1990.4 lineage was detected in the USA and Canada.
The 1990.6 lineage was only detected in Japan.

o A novel H3 HA clade, 1990.7, was named and detected in Australia. The 1990.7 is a
unique 1990s human-to-swine H3 virus spillover that has circulated exclusively in
Australia. There were 2 variant cases detected within this clade in prior reports.

Global Variant Cases:

During the reporting period (January 1, 2022 — June 30, 2022), 1 variant case was reported
and included with the swine analyses:

e Germany: H1N1v (1C.2.2)

An additional 6 variant cases were reported July 1, 2022 — present but collected following
the report window. When HA sequence were available, they were included in the
phylogenetic trees:

e USA: HIN2v (11A.1.1; 1 1A.3.3.2; 1B.2.1 no sequence); H3N2v (3 2010.1)
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Figure 7. Swine H1 HA genes of the 1A lineage (tree was proportionally down-sampled to 71 swine
HA genes, excluding references). Number of detections of each clade from data deposited between
January 1, 2022 - June 30, 2022 are presented adjacent to the clade name in the figure key.



Antigenic analysis: Swine 1A Lineage

Table 1. USA Data: Hemagglutination inhibition of CVV or human seasonal vaccine
ferret antisera against contemporary swine 1A lineage strains selected to represent
clade consensus.

« > 8 fold reduction

Global
Clade US Clade

IDCDC-RG59 A/Ohio/24/2017-like CVV
Alswine/lllinois/A02524514/2020 #26
Alswine/lllinois/A02524514/2020 #27
Alswine/lowa/A02524480/2020*#30
Alswine/lowa/A02524480/2020* #14
A/swine/Minnesota/A02245409/2020 #28
A/swine/Minnesota/A02245409/2020 #12

A/Wisconsin/588/2019
A/Ohio/9/2015 CVVRG48A

rg-A/Hawaii/70/2019 #9
rg-A/Hawaii/70/2019 #11

IDCDC-RG59 A/Ohio/24/2017 CVV |1A.1.1 alpha-del

A/swine/lllinois/A02524514/2020* 1A11 alpha-del

1A.2 beta

A/Wisconsin/588/2019 6B1.A-5A2 6B1.A-5a.2 | HIN1pdmO9

rg-A/Hawaii/70/2019 6B.1A.5a.1 | HIN1pdmO09 | nt

Alswine/lowa/A02524480/2020* 1A.3.3.2 HIN1pdmO09

A/Ohio/9/2015 CVV RG48A 1A.3.3.3 gamma.l

Alswine/MinnesotalA0224540912020 [ 1 5 5 5 co | gamma.a

Al/swine/Indiana/A02636365/2022 |1A.3.3.3-c1 |gamma.l

Alswine/Minnesota/A0263590812021 [ » 5 5 5 o3 [ gamma.a
gamma-2-

A/swine/Kansas/A02636184/2021 | 1A.4 beta-like

Reference CVV in red, seasonal vaccine strains in dark red, new swine strains in bold. Homologous
titers highlighted in grey. *Previously tested; rg=synthetic HA/NA on PR8 backbone.

e The contemporary swine 1A.1.1 (alpha-del) was not detected by the 1A.1.1 CVV
A/Ohio/24/2017 ferret anti-sera.

e The 1A.2 swine strain was not significantly detected by any CVV or vaccine anti-sera.

e The contemporary swine 1A.3.3.2 (pdm) with onward transmission in swine had significant 16-
fold decrease in cross-reactivity to the A/Wisconsin/588/2019 6B1.A-5a.2 vaccine strain, but
maintained cross-reactivity to A/Hawaii/70/2019-like 6B.1A.5a.1 vaccine strain.

¢ The contemporary swine 1A.3.3.3 (gamma) clade 3 virus had a 16-fold decrease with the
1A.3.3.3-clade 1 CVV A/Ohio/09/2015. The contemporary swine 1A.3.3.3 (gamma) clade 1 virus
had an 8-fold decrease with the within-clade 1A.3.3.3-clade 1 CVV A/Ohio/09/2015.

¢ The swine 1A.4 (gamma-2-beta-like) virus was not detected by any CVV or vaccine anti-sera.
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Table 2. EU Data: Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera

against contemporary swine 1A lineage strains.

e > 8 fold reduction

A/Victoria/2570/2019

[o)]
—
&
2 = < 3
o o o [52]
N o N B
= < S 24
< < ) 5=
c IS c 59
S =) E S8
= =] K] c
IS 2 = =
O = om O
Global Clade < < < <=
I H1N1pdmO09
A/California/7/2009 (1A.3.3.2)
6B.1
A/Michigan/45/2015 H1N1pdmO09
(1A.3.3.2)
6B.1A/183-P1
A/Brisbane/02/2018 H1IN1pdmO09
(1A.3.3.2)
A/Guangdong-Maonan/SWL1536/2019 1A.3.3.2
6B1.A-5A2
AlVictoria/2570/2019 HIN1pdmO09
(1A.3.3.2)
Alswine/ltaly/241572/2020* 1A3.3.2
A/Swine/Germany/AR2279/2016 1A.3.3.2
A/Swine/Republic of Ireland/AR6853/2016 1A3.3.2 20480 | 5120 10240 2560 1280
A/Swine/Germany/BAK36/2017 1A.3.3.2
A/Swine/Denmark/SIR1570/2017 1A.3.3.2
A/SWINE/SPAIN/45690-9/2018 1A3.3.2 5120 5120 2560 10240 1280
Alswine/ltaly/455389/2021/H1N1 1A.3.3.2
Alswine/ltaly/109752-1/2022 1A3.3.2
Alswine/ltaly/13502/2022/H1IN1 1A.3.3.2

Reference seasonal vaccine strains in dark red, variant in orange, new swine strains in bold.
Homologous titers highlighted gray.

The contemporary swine 1A.3.3.2 (pdm) with onward transmission in European swine were
poorly recognized by the panel of human seasonal vaccine strains with the exception of two

viruses, where there was good recognition.
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Table 3. Amino acid substitutions between representative swine 1A.1.1 clade strain compared to the

within-clade CVV (A/Ohio/24/2017).

site

4/2020

annotations

48

0| A/swine/lllinois/A0252451

69

71

Cb

103

119

124

Sa

127

132

RBS

138

141

149

155

Sa

156

O O Z|O0|<|m

Sb

160

Sa

166

Cal

168

170

Cal

185

186

189

Sb, RBS

195

Sb, RBS

209

222

Ca2, RBS

224

RBS

232

252

308

310

R

311

XX R A H|om>ozo Dz <D Z6 "> 0O <X O T|mM| 0l > AOhio/24/2017

R

aadiff

13

Reference CVV in red, HI swine strains in purple.
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Table 4. Amino acid substitutions between 1A.2 compared to the nearest human H1 vaccine

(A/Wisconsin/588/2019) in HI assays and the most similar vaccine (A/California/07/2009).

Relative to HI

Relative to most similar vaccine

site

A/Wisconsin/588/2019

A/swine/Quebec/N2020-6-2/2020

annotations

site

A/swine/Quebec/N2020-6-2/2020

annotations

35

35

61

61

71

71

73

Cb

73

Cb

83

74

85

84

104

85

109

97

120

104

121

109

128

120

129

121

130

128

137

137

138

138

142

142

156

Sb

168

161

170

Ca2

162

Sa

176

163

Sa

183

164

Sa

186

168

190

Sb, RBS

170

Ca2

195

Sb, RBS

176

205

185

216

186

224

RBS

190

nwizITITIOOIHOIZITIRIRIZT|(CIZIOWIV[AIODIO|BIVI[>|n]|™ |0

S Hwmw|T[RIZn|mRnCr|IZ|IZI<|n|X|IZ|Hd|Z2|> | (T |O0|0|0 M| |2

Sb, RBS

234

<m|m[mPV[>0|T|eO0R|T|(O(V|v|H|0]|O|0|n|0|v > 0|7 |0 | a/california/07/2009

— IR mMmEH|H|IT|IT(RIZIZIKn|H|IZ|PC|T|IZ|0|Z|0 |0 |M|C|Z
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annotations

2202/1-25.60T/Afe1/aums)y

2202/20SET/Ael puIms)y

1202/68£SSv/Arel/aums v

020¢/08¥¥7¢SC0OV/eMO|/[BUIMS/

6T0Z/0L/\'eMeH /v

6102/885/UISUOISIM/Y

Table 5. Amino acid substitutions between a representative swine 1A.3.3.2 clade strains compared
to a human seasonal H1 vaccine strain (A/Wisconsin/588/2019|6B1.A-5A2) used in HI assays.

site

15

Cb
Cb
Ca2
Ca2
Sa
Sb

15
19
43
68
69
70
74
82
84
85
97
104
113
119
120
129
130
137
138
139
141
142
146
149
152
155
156
161




162

Sa

163

ey

Sa

164

Sa

166

<»w|[T !

> n|[— O»

Cal

173

175

176

183

185

Z

Z

186

W)

W)

187

wn

RBS

189

Sb, RBS

190

Sb, RBS

194

RBS

196

z|o|s

202

205

210

216

T|<|x|n|z|o|s

222

Ca2, RBS

241

250

256

257

260

261

269

270

272

274

pd

276

283

295

-] W|Z

308

311

321

<[ A ARIKMZOoK|HO>I0ILH>PHOHMODEOOZ0VOI0OF|IT|IOINKKIK|IT|H0OIIZ

= |20 || |R

I

R
R
T

aadiff

6

10

29

49

44

Reference vaccine strain in gray, HI strains in purple, requested/pending HI strains in blue.
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Table 6a. Amino acid substitutions between representative swine 1A.3.3.3-clade 1 strain compared

to the within-clade CVV (A/Ohio/09/2015 RG48A) used in the HI assay.

site

A/swine/Indiana/A02636365/2022

annotations

22

48

68

72

82

83

125

Sa

169

204

Cal

222

Ca2, RBS

269

278

283

”mw| T IO|0O|0|XR|X|T|Z2|0|0|> |2

295

—ZAme vz |v A= miX X A/Ohio/09/2015

<

aadiff

14

Reference CVV in red, HI strain in purple.
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Table 6b. Amino acid substitutions between representative swine 1A.3.3.3-clade 3 strains compared

to the within-clade CVV (A/Wisconsin/03/2021).

— o
AN AN
o o
AN N
® | &
o o
(@) <
Ko} Lo
™ <
O AN
AN AN
| 2| <
S| 8| 8
S 231 3
o 2| &
£l £| £
212 =
31 2] 2
= 3| 3
site < < < annotations
35 T | N N
45 K I|R R
56 N | S
74 S |R Cb
83 S P
84 N | K
120 T A
127 E |D D
129 D |N N
130 K R
137 P S Ca2
142 R |S N Ca2
161 VvV |
163 T | K K Sa
169 K R
171 K | M
189 R |Q Q Sb, RBS
190 S |T Sb, RBS
195 E |A A Sb, RBS
205 R | K K
211 E |V
224 S |A A RBS
270 AT T
323 S | X
aadiff 19 | 16

Reference CVV in red, HI strains in purple.
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Table 7. Amino acid substitutions between 1A.4 compared to the human H1 vaccine
(A/Wisconsin/588/2019|6B1.A-5A2) used in HI assays and the most similar vaccine
(A/California/07/2009).

Relative to HI Relative to most similar vaccine
3| < S| <
S| o =| 3
= | 2 Q2
2| Sy HEE
3| 28 2| 2§
L S| 23
site < | <9 | annotations site <| < © | annotations
35 D |E 35 D|E
71 S |F Ch 71 S |F Cb
74 R |S Cb 83 P|S
120 T |A 84 S |N
126 H |Y 97 D|N
127 D |E 120 T A
128 S | T 126 H|Y
129 D |S 127 D|E
130 N |R 128 S|T
134 A |S RBS 129 N |S
138 H |Y 130 KR
142 K |N Ca2 134 Al|S RBS
146 K IR 138 H|Y
156 K |N Sh 142 K |N Ca2
161 | L 146 K|R
162 N | S Sa 168 D|N
163 Q |K Sa 170 G |E Cal
164 T |S Sa 186 AT
168 D |N 205 R | K
170 G |E Cal 216 | | T
183 P |S 222 D|N Ca2, RBS
185 | S 224 E | A RBS
186 A | T 239 KI|T
203 T |S 258 E | K
205 R | K 260 N |G
222 D |N Ca2, RBS 261 A|S
224 E |A RBS 271 P|S
239 K |T 278 T|N
250 A |V 298 I |V
256 T |A 302 KI|E
258 E | K 310 T | K




260 314 LM
261
271
278
283
295
298
302
310
314

321

<|IF|H/xX|T|<|m|H|0 (> |0
TIRIAMK|TIIRNIZIN 0N O

Reference human seasonal vaccine in gray, HI swine strains in purple.
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1B human-like lineage

) ) ) publiclAVIA/swine/lowa/A02636540/20221H1N2ISwinel USAI1B.2.112022-02-24

* H1v candidate vaccine virus publiclAVIA/swine/lowa/A02636680/2022IH1N2ISwinelUSAI1B.2.112022-05-02
. publiclAVIA/swine/Oregon/A02608703/2022IH1N2ISwinelUSAI1B.2.112022

B A/Brisbane/59/2007 SUbliGIAVIA/swine/low A A0263637 1/20221H1N2ISwinel USAT1 B.2. 112022-01-07

Previous seasonal H1N1 vaccine
publiclAVllab-22-blA/swine/Michigan/A01104117/2018/H1N2ISwinelUSAI1B.2.112018-07-27 #
CVVllab-22-blA/Michigan/383/2018IH1N2IHumanlUSAI1B.2.112018-07-31

# . SwReferencelA/swine/Oregon/A02184530/2019IH1N2ISwinelUSAI1B.2.112019-06-27
HI tested viruses

; ubliclAVIA/swine/lowa/A02636375/20221H1N2ISwinel USAI1B.2.112022-01-11
Requested/pending HI SUBTIGIAVIA/swine/Minnesota/A02711698/2022(H1 N2l Swinel USAITB 2.112022-01-28
publiclAVIA/swine/Minnesota/A02711713/2022I|H1N2ISwinelUSAI1B.2.112022-03-29
A Consensus sequence publiclAVIA/swine/Minnesota/A02711800/2022IH1N2ISwinelUSAI1B.2.112022-03-25
publiclAVIA/swin%le issouri/A02636355/2022IH1N2ISwinel USAI1B.2.112022-01-03

1
publiclAVIA/swine/North_Carolina/A02636386/2022IH1N2ISwinelUSAI1B.2.112022-01-13

publiclAVIA/swine/Indiana/A02711827/2022IH1N2ISwinelUSAI1B.2.112022-05-09
publiclAVIA/swine/Indiana/A02636339/2022IH1N2ISwinelUSAI1B.2.112022-01-03
2IH21 N2ISwinelUSAI .112022-02-02

ubliclAVIA/swine/South Dakota/A02636463/20%

CVVlIlab-20-blA/Ohio/35/2017IH1N2IHumanlUSAI1B.2.112017-08-17

T

H1 1B swine genetic

1B.2.2.212
publicIAVIA/swine/lowa/A02636446/20221H1N2ISwinel USAI1B.2.2.212022-01-28

clades pubIicIAVIA/swine/lowa/A02636516/20221H1N2ISwinel USAI1B.2.2.212022-02-23
publiclAVIA/swine/Missouri/A02636349/20221H1N2ISwinel USAI18.2.2.212022-01-14
publiclAVIA/swine/lowa/A02636650/20221H1N2ISwinel USAI1B.2.2.212022-04-19

_ publiclAVIiab-22-blAfSWine/lowa/A02524534/20201H1N2ISwinelUSAI1B.2.2.212020-08-12  #f
1B.2.1 (n=21) publiclAVIA/swine/Minnesota/A02711810/20221H1N2| SwinelUSAI1B.2.2.2(2022-04-21

publiclAVIA/swine/Minnesota/A02711826/20221H1N2ISwinel USAI1B.2.2.212022-05-06
publiclAVIA/swine/Minnesota/A02711704/2022IH1N2ISwinelUSAI1B.2.2.212022-03-04

|
1B.2.2.2 (n=16) publiclAVIA/swine/lowa/A02636391/2022IH1N2ISwinelUSAI1B.2 A7
publiclAVIA/swine/Oklahoma/A02711821/2022IH1N2ISwinelUSA .212022-05-05
publiclAVIA/swine/lowa/A02636457/2022IH1N2|SwinelUS 2-02-02
. 1B.2.2.1 (n=8) publiclAVIA/swine/Wyoming/A02636435/2022|H1N2ISwinel 12022-01-24
publiclAVIA/swine/lowa/A02636475/2022IH1N2ISwinel USA 2022-02-17
publiclAVllab-22-blA/swine/Wyoming/A02525343/2021IH1N2ISwinelUSAI1B.2.2.112021-04-05 #

‘18122 (n 19) publicl AVIA/swine/lllinois/A02636387/2022IH1N2ISwinelUSAI1B.2.2.
publiclAVllab-22-blA/swine/lowa/A02636436/2022IH1N2ISwinelUSAI
_ ubliclAVIA/swine/lowa/A02636288/2022IH1N2ISwinelUSAI1
1B.1.2.1 (n=7)

A 2.2.112032-0
CVVllab-22-blA/lowa/32/2016IH1N2IHumanlUSAI1B.2.2.112016-11-04 *
i Al 2. 04-21
@ 1B.1.1 (n=14)

.2.2I22022-01 1

ZC

publiclAVIA/swine/lowa/A02636648/2022IH1N2ISwinelUS

publiclAVIA/swine/Oklahoma/A02636359/2022IH1N2ISwinelUSAI1B.2.2.112022-01-03

publiclAVIA/swine/Italy/308263/2020IH1N2ISwinelITAI1B.1.2.212020-10-03
publiclAVIA/swine/Italy/338367/2020IH1N2ISwinellTAI1B.1.2.212020-10-23
publiclAVIA/swine/ltaly/283256/2020/H1N2ISwinelITAI1B.1.2.212020-09-15
offlu-vemllab-21-alA/swine/ltaly/185280/2020IH1N2ISwinellTAI1B.1.2.212020-06-25 #
publiclAVIA/swine/ltaly/294638/2020IH1N2ISwinelITAI1B.1.2.212020-09-29
publiclAVIA/swine/ltaly/365702/2020lH1N2ISwinelITAI1B.1.2.212020-11-10
publiclAVIA/swine/ltaly/319759/2020IH1N2ISwinelITA[1B.1.2.212020-10-12
publiclAVIA/swine/ltaly/327872-86/2020IlH1N2ISwinelITAI1B.1.2.212020-10-16
offlu-vemlA/swine/ltaly/438746/2021IH1N2ISwinel|ITAI1B.1.2.212022-12-16
publiclAVIA/swine/ltaly/217458-1/2020IH1N2ISwinellITAI1B.1.2.212020-07-22
offlu-vemlA/swine/ltaly/135572/20211H1NZ2[SwinelITAI1B.1.2.212021-04-20
publiclAVIA/swine/ltaly/351300/2020IH1N2ISwinelITAI1B.1.2.212020-10-28
offlu-vemllab-21-blA/Swine/ltaly/118638/2021IH1N2ISwinelITAI1B.1.2.212021-04-29 #
offlu-vemlA/swine/ltaly/21295-1/2022IH1N2ISwinelITAI1B.1.2.212022-1-19
offlu-vemlA/swine/ltaly/122884-001/20 H1N2ISwineIITABI118.1.2.2I2022-4-12

2
offlu-vchA/swine/ItaIY/110217—1/2021IH .1.2.212021-03-30

offlu-vemlA/swine/ltaly/24394-15/202

2 1B.1.2.

__| PubliclAVIA/swine/ItaIy 259446/2020IH1N2ISwinel|TAI1B.1.2.212020-08-26
offlu-vemlA/swine/Belgium/Gent-117/2021IH1N2ISwinelBELI1B.1.2.112021-08-31
offlu-vemlA/swine/Belgium/Gent-137/2021IH1N1ISwinelBELI1B.1.2.112021-10-13

publiclAVIA/swine/Belgium/Gent-114/2019IH1N2|SwinelBELI1B.1.2.112019-01-01
publiclAVIA/swine/Belgium/Gent-178/2019IH1N2ISwinelBELI1B.1.2.112019-01-01
offlu-vemlA/swine/Gent/249/2020IH1N2|SwinelBELI1B.1.2.112020-06-03
offlu-vemlA/swine/Belgium/Gent-166/20211H1N2ISwinelBELI1B.1.2.112021-11-30
offlu-vemlA/swine/ltaly/195061/2021IH1N2ISwinelITAI1B.1.2.112021-06-07
offlu-vemllab-20-blA/swine/Spain/40340-2/2017IH11SwinelESPI1B.1.2.112017
offlu-vemlA/swine/England/247154/2022IH1N2ISwinelGBRI1B.1.112022-03-17
offlu-vemlA/swine/England/103120/20211H1N2ISwinelGBRI1B.1.112021-04-29
offlu-vemlA/swine/England/245754/2022|H1N2ISwinelGBRI1B.1.112022-01-20
offlu-vemlA/swine/England/112852/2022IH1N2ISwinelGBRI1B.1.112022-04-12
offlu-vcmlA/swineg\g and/100227/2021IH1N2ISwinelGBRI1B.1.112021
offlu-vemllab-20-blA/swine/England/208046/2018IH1N2ISwinelGBRI1B.1.112018 #
offlu-vcmlA/swine/Enqland/Z 7909/2022|H1N2ISwinelGBRI1B.1.112022-04-29
offlu-vem|A/swine/England/238434/20211H1N2ISwinelGBRI1B.1.112021-05-13

L pigie-projectlA/swine/England/P14C7WB/2022|H1N1ISwinelGBRI1B.1.112022-05-05

pigie-projectlA/swine/England/P14D7WB/2022|H1N11SwinelGBRI1B.1.112022-05-05

pigie-projectlA/swine/England/P12D10WB/2022IH1N1I1SwinelGBRI1B.1.112022-05-24

pigie-projectlA/swine/England/P18D7WA/2022IH1N2ISwinelGBRI1B.1.112022-04-12

pigie-projectlA/swine/England/P11B7WA/2022IH1N2ISwinelGBRI1B.1.112022-04-12
_ offlu-vemlA/swine/England/092944/2020IH1N2ISwinelGBRI1B.1.112020-09-02

1. 20
offlu-vemlA/swine/England/263079/2020/H1N2ISwinelGBRI1B.1.112020-10-19

0.03

Figure 8. Swine H1 HA genes of the 1B lineage (tree was proportionally down sampled to 66 swine
HA genes, excluding references). Number of detections of each clade from data deposited between
January 1, 2022 - June 30, 2022 are presented adjacent to the clade name in the figure key.
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Antigenic analysis: Swine 1B Lineage
Table 8. USA Data: Hemagglutination inhibition of CVV vaccine ferret antisera

. ; . X » > 8 fold reduction
against contemporary swine 1B lineage strains selected to represent clade

consensus.
¥ x
— —
N N
o o
q Q
< (&) (<) [ee] ©
B & 3 S S
U] 9 9 q o
X 5 0 = 3
© N Al \ \
= g g |8 |8
S 5 |3 |8 |8
7] © £ £ N N
3 = £ S o e
= I S S Q Q
s | 8§ |3 |3 |E& g
sl e|2 (2|3 |3
= o 210 2o <o <
Global b= - g o § | &y SN
Clade US Clade * bl =¥
A/Michigan/383/2018 RG58A 1B.2.1 delta-2 80
A/swine/Michigan/A01104117/2018* 1B.2.1 delta-2 80
Allowa/32/2016 delta-1a
Al/swine/lowa/A02636436/2022* 1B.2.2.1 delta-1a
A/swine/Wyoming/A02525343/2021** 1B.2.21 delta-1a
A/swine/lowa/A02524534/2020* delta-1b
rg-A/swine/Brazil/274-18/2018 1B.2.3 640 20 20 . 1280 | 2560 I

Reference CVV in red, new swine strains in bold. Homologous titers highlighted grey. *Previously
tested in report 2021a; **Previously tested in report 2021b; rg- annotation is a synthetic HA/NA on
PR8 backbone.

e The contemporary swine 1B.2.1 (delta-2) was 100% identical in the HAL to the within-clade CVV
A/Michigan/383/2018 and there was no loss in cross-reactivity.

e Two contemporary swine 1B.2.2.1 (delta-1a) representing diverging clades were tested. Both
A/swine/lowa/A024636436/2022 and A/swine/Wyoming/A02525343/2021 had a 8-fold reduction
from the within clade CVV A/lowa/32/2016 and demonstrated loss in cross-reactivity to each
other.

e The contemporary swine 1B.2.2.2 (delta-1b) does not have a CVV contained within clade and
had a significant greater than 8-fold decrease from CVV A/lowa/32/2016.

e The Brazil 1B.2.3 clade has no within clade CVV, and the representative strain had a significant
8-fold loss in cross reactivity to the 1B.2.2.1 A/lowa/32/2016 CVV but retained reactivity with the
1B.2.1 A/Michigan/383/2018 CVV.
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Table 9. UK & EU Data: Hemagglutination inhibition of CVV vaccine ferret antisera against

contemporary swine 1B lineage strains selected to represent clade consensus.

A/Michigan/383/2018 RG58A

Al/swine/ltaly/118638/2021

Al/swine/England/208046/2018

Alswine/ltaly/185280/2020

1B.1.2.2

™

(e

()]

-

=

ks

=

Q

Global Clade <
A/Michigan/383/2018 RG58A 1B.2.1 d2 160 1280
A/Chile/1/1983 H1 seasonal 160 1280

» > 8 fold reduction

Reference CVV in red, seasonal vaccine strains in dark red, new swine strains in bold. Homologous
titers highlighted in gray.

e The swine 1B.1.1 was poorly cross-reactive with A/Chile/1/1983 with the 1B.2.1.d2 CVV.

e The contemporary swine 1B.1.2.2 representing strains circulating in Italy and had a
significant decrease in cross reactivity against both the 1B.2.1 d2 CVV and against the
human seasonal strain reference. There are no within-clade CVVs for 1B lineages from

Europe.
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Table 10. Amino acid substitutions between representative swine 1B.2.1 strain compared to the
within-clade CVV (A/Michigan/383/2018 RG58A). Within-clade H1N2v detected within this reporting
period are presented in orange.

No amino acid substitutions were detected.
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Table 11. Amino acid substitutions between representative swine 1B.2.2.1 and 1B.2.2.2 strains
compared to the most similar CVV (A/lowa/32/2016 1B.2.2.1).

Alswine/Wyoming/A02525343/2021

Alswine/lowa/A02524534/2020
A/swine/lowa/A02636436/2022

site annotations

<

19
50
68
69
72
74
82
85
86
94
96
104
106
119
129
130
132
141
142
149
153
157
163
168
170
175
176

<
<
<

o

> (O m|o |-

= |xX

T V RBS

S | Ca2

<

Sa

E Cal

mFlTlemXICI<K[TOmMX ATV |00 0> X |00 miC T Alowa/32/2016




179

183

184

186

187

RBS

193

Sb, RBS

194

RBS

202

208

mi|> | X |0 |2 |m|0|T

215

>

222

pd

Ca2, RBS

228

A

236

>

241

244

249

256

269

271

273

274

277

283

O HIx|Zln|Zz|HI<|>

287

289

wn

310

>

R

314

S HIZIZx"|/PPMOOIRIZD|IT|A|T|0|Z|I0H[0IZH|IT|0|O |12 0n|I<

—

aadiff

38

16

15

Reference CVV in red, HI strains in purple.
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Table 12. Amino acid substitutions between representative swine 1B.1.X strains compared to the
most similar human seasonal vaccine A/Chile/1/1983 used in HI assays.

A/swine/England/208046/2018|1B.1.1

Alswine/ltaly/185280/2020|1B.1.2.2
Al/swine/ltaly/118638/2021|1B.1.2.2

A/Chile/1/1983

site annotations
19
35
36
44
47
54
70
71
73
82
85
89
94
96
109
111
116
124
127
128
129
130
132
134
135
137
138
139
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Ca2
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AT AEAK<IZ|ITDTIMOIZIKEHOWOEARTIC (X |TIF 20K
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Ca2

Sa

Sa

Sa

Sa

Sa

Cal

Cal

RBS

Sb, RBS
Sb, RBS

RBS

Ca2, RBS

Cal

R
A

R
A

141
142
146
155
157
161
162
163
164
166
168
170
171
176
181
184
185
187
189
190
196
202
205
208
209
211
215
220
222
235
237
238
241
248
249
258
261
262
267
268
270
276

28



277 | A T
278 | K T |E
283 | 0Q R

288 |S I[N |N |N
205 |V |

208 |V |

200 | T A
307 |V |
308 |R |K |K |K
310 [T |A

311 | K R
313 |R |K |K

315 |V |A |A
aadiff 43 | 49 | 44

Reference CVV strain in red, HI swine strains in purple.
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1C Eurasian avian lineage

* H1v candidate vaccine virus

# Hi tested viruses
Requested/pending HI

A Consensus sequences

H1 1C swine
genetic clades

1C.2.4 (n=27)
@ c22n=18)

1C.2.3 (n=13)
® 1c.25 (n=3)
1C.2.1 (n=12)

publiclAVIA/sw/Sachsen-Anhalt/3/2021IH1N2ISwinelDEUI1C.2.412021-12-02
offlu-vemllab-22-alA/swine/ltaly/358072/2021IH1N2ISwinellITAI1C.2.412021-10-20 #
offlu-vemlA/swine/ltaly/418974/2021IH1N2ISwinelITAI1C.2.412021-12-2
offlu-vemlA/swine/Italy/398937/2021IH1N2ISwinelITAI1C.2.412021-11-18
offlu-vemlA/swine/ltaly/72999-4/2022IH1N2ISwinelITAI1C.2.412022-3-1
offlu-vemlA/swine/ltaly/72983-3/2022IH1N2ISwinelITAI1C.2.412022-3-1

publiclAVIA/swine/Pskov_Region/RII-36S/2022IH1N2ISwinelRUSI1C.2.412022-03-01
publiclAVIA/swine/Pskov_5_Region/RIl-12S/2022IH1N2ISwinelRUSI1C.2.412022-03-01
publiclAVIA/swine/Pskov_4_Region/RIl-14S/2022IH1N2ISwinelRUSI1C.2.412022-03-01
publiclAVIA/swine/Pskov_2_Region/RII-31S/2022IH1N2ISwinelRUSI1C.2.412022-03-01
offlu-vemlA/swine/ltaly/120575/2022IH1N2ISwinelITAI1C.2.412022-4-11
offlu-vemlA/swine/ltaly/119919-003/2022IH1N2ISwinelITAI1C.2.412022-4-6
offlu-vemllab-21-alA/swine/ltaly/69273/2020IH1N1ISwinelITAI1C.2.412020-02-26
publiclAVIA/swine/ltaly/326417/2020IH1N1ISwinelITAI1C.2.412020-10-14
publiclAVIA/swine/ltaly/258481/2020/H1N2ISwinel ITAI1C.2.412020-08-26
publiclAVIA/swine/ltaly/332220/2020/H1N2ISwinelITAI1C.2.412020-10-20
publiclAVIA/swine/ltaly/381442/2020/H1N2ISwinellTAI1C.2.412020-11-23
publiclAVIA/swine/ltaly/400367/2020IH1N2ISwinellITAI1C.2.412020-12-07

offlu-vemlA/swine/ltaly/416754/2021IH1N2ISwinelITAI1C.2.4/12021-12-1

offlu-vemlA/swine/ltaly/110521-5/2022IH1N2ISwinelITAI1C.2.412022-3-31

offlu-vemllab-21-blA/swine/ltaly/97879/2021IH1N2ISwinelITAI1C.2.412021-03-19
8

offlu-vemlA/swine/ltaly/71791/2022IH1N2ISwinellTAI1C.2.4|12022-2-2
offlu-vemlA/swine/France/53-210091-2/2021IH1N2ISwinel FRAI1 C.2.4|2?21 -01-21
1-02-15

CVVIA/Bretagne/24241/2021IH1N2IHumanlFRAI1C.2.412021-08-18
offlu-vemlA/swine/France/35-210140-1/2021IH1N2ISwinelFRAI1C.2.4|
offlu-vemllab-22-alA/swine/France/72-210055-1/2021IH1N2ISwinelFRAI1C.2.412021-01-11 #
offlu-vemlA/swine/Italy/427730/20211H1N1ISwinelITAI1C.2.212022-12-9
offlu-vemlA/swine/lItaly/27781/2022IH1N1ISwinelITAI1C.2.212022-1-25
offlu-vemlA/swine/italy/399722/2021IH1N1ISwinelITAI1C.2.212021-11-19
offlu-vemlA/swine/Italy/57235-6/2022IH1N1ISwinelITAI1C.2.212022-2-17
offlu-vemlA/swine/ltaly/403063/2021IH1N1ISwinelITAI1C.2.212021-11-21
offlu-vemlA/swine/ltaly/69709-2/2022IH1N1ISwinelITAI1C.2.212022-2-25
offlu-vemlA/swine/Italy/348919/2021IH1N1ISwinelITAI1C.2.212021-10-13 #
offlu-vemlA/swine/ltaly/25675/2022IH1N1ISwinelITAI1C.2.212022-1-24
publiclAVIA/swine/ltaly/351722/2020IH1N1ISwinellTAI1C.2.212020-11-02
publiclAVIA/swine/ltaly/352075/2020/H1N1ISwinellTAI1C.2.212020-11-02

offlu-vemlA/swine/ltaly/449727-1/2021IH1N1ISwinelITAI1C.2.212021-12-23

offlu-vemlA/swine/ltaly/115702/2022IH1N1ISwinellTAI1C.2.212022-4-5
offlu-vemlA/swine/Belgium/Gent-118/2021IH1N1ISwinelBELI1C.2.212021-08-31

offlu-vemlA/swine/lItaly/348863/2021IH1N1ISwinelITAI1C.2.212021-10-13
offlu-vemllab-20-blA/swine/Belgium/SIR5289/2017IH1I1SwinelBELI1C.2.212017

offlu-vemlA/swine/Belgium/Gent-171/2021IH1N1ISwinelBELI1C.2.212021-11-30
offlu-vemlA/swine/ltaly/415608/2021IH1N1ISwinelITAI1C.2.212021-11-30

offlu-vemlA/swine/Belgium/Gent-167/2021IH1N1ISwinelBELI1£.2.212021-11-30
CVVllab-22-alA/Hessen/47/2020IH1IHumanIDEUI1C.2.212020
2020-12-07

publiclAVIA/swine/ltaly/400317/2020IH1N1ISwinelITAI1C.2.2

publiclAVIA/swine/Liaoning/AS1732/2020/H1N1I1SwinelCHNI1C.2.312020-07-27
publiclAVIA/swine/Liaoning/AS1734/2020IH1N1ISwinelCHNI1C.2.312020-08-09
publiclAVIA/swine/Liaoning/SY1772/2020/H1N1ISwinelCHNI1C.2.312020-08-11
publiclAVIA/swine/Liaoning/LY3478/2020IH1N1ISwinelCHNI1C.2.312020-11-12

publiclAVIA/swine/Liaoning/TL5239/2020IH1N1ISwinelCHNI1C.2.312020-11-12
publiclAVIA/swine/Liaoning/LY3468/2020/H1N1ISwinelCHNI1C.2.312020-08-03

publiclAVIA/swine/Liaoning/HLD1706/2020/H1N1I1SwinelCHNI1C.2.312020-07-27
publiclAVIA/swine/Liaoning/DL5436/2020IH1N1ISwinelCHNI1C.2.312020-12-14

publiclAVIA/swine/Liaoning/HLD1795/2020IH1N1I1SwinelCHNI1C.2.312020-09-15

publiclAVIA/swine/Liaoning/TL5404/2020IH1N1ISwinelCHNI1C.2.312020-12-14

CVVllab-22-alA/Hunan/42443/2015IH1N1IHumanICHNI1C.2.312015-07-02 3
offlu-vemllab-22-alA/swine/ltaly/127069/2020/H1N1ISwinelITAI1C.2.512020-05-11
2

offlu-vemlA/swine/ltaly/72901-1/2022IH1N1ISwinelITAI1C.2.512022-3-
publiclAVIA/swine/ltaly/385724/2020IH1N2ISwinellITAI1C.2.512020-11-25
publiclAVIA/swine/Denmark/S22282-5/2021IH1N2ISwinelDNKI1C.2.512021-07-17
offlu-vemllab-21-blA/swine/ltaly/79598/2021IH1N1ISwinelITAI1C.2.112021-03-05

publiclAVIA/swine/ltaly/327872-36/2020IH1N1ISwinelITAI1C.2.112020-10-16
publiclAVIA/wild_boar/Italy/227865/2020IH1N1ISwinelITAI1C.2.112020-07-29
publiclAVIA/swine/ltaly/314316/2020/H1N1ISwinelITAI1C.2.112020-10-07
publiclAVIA/swine/ltaly/347423/2020IH1N1ISwinellITAI1C.2.112020-10-28
offlu-vemlA/swine/ltaly/417712/2021IH1N1ISwinelITAI1C.2.112021-12-2
offlu-vemlA/swine/ltaly/87349-1/2022IH1N1ISwinelITAI1C.2.112022-3-14
offlu-vemlA/swine/Italy/102648-1/2022IH1N1ISwinelITAI1C.2.112022-3-24

offlu-vemlA/swine/ltaly/24394-3/2022IH1N1ISwinelITAI1C.2.112022-1-21 #
offlu-vemlA/swine/ltaly/175739-1/2021IH1N2ISwinelITAI1C.2.112021-05-20
4

CVVllab-22-alA/Netherlands/3315/2016/H1IHumanINLDI1C.2.112016-11-0
offlu-vemlA/swine/France/22-210309-2/2021IH1N1ISwinelFRAI1C.2.112021~

CVVllab-22-alA/Netherlands/10370-1b/2020/H1N1IHumanINLDI1C.2.112020-09-10

offlu-vemlA/swine/Gent/25/2020IH1N1I1SwinelBELI1C.2.112020-01-10
publiclAVIA/swine/ltaly/311691/2020I/H1N2ISwinelITAI1C.2.112020-10-01

swReferencelA/swine/Arnsberg/6554/1979IH1N11SwinelDEUI1C.111979

0.03

Figure 9. Swine H1 HA genes of the 1C lineage (tree was proportionally down sampled to 64 swine
HA genes, excluding references). Number of detections of each clade from data deposited between

January 1, 2022 - June 30, 2022 are presented adjacent to the clade name in the figure key.
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Antigenic analysis: Swine 1C Lineage _
Table 13. UK & EU Data: Hemagglutination inhibition of CVV vaccine ferret * > 8 fold reduction
antisera against contemporary swine 1C lineage strains selected to represent

clade consensus.
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Gobal | 23 | % | I | % | 32 2
Clade
A/Netherlands/3315/2016 CVV (Crick or 1C.2.1 160
APHA) H1N1v
A/Hebei-Haigang/1572/2019 1C.2.3
AlHessen/47/2020-like CVV 1c.2.2
Hlv
A/Netherlands/10370-1b/2020 CVV 1C.2.1
A/Mecklenburg-Vorpommern/1/2021 1C.2.1

A/Bretagne/24241/2021 CVV

A/Swine/France/56-180424/2018

Alswine/ltaly/127069/2020 1C.2.5 I!:I 320
A/Swine/France/72-210055-1/2021 1C.2.4 160
Alswine/ltaly/358072/2021 1C.24 320
Alswine/ltaly/416754/2021 1C.2.4 320
Alswine/ltaly/348919/2021 1C.2.2
Alswine/ltaly/417712/2021 1C.2.1
Alswine/ltaly/24394-3/2022 1c.2.1

Reference CVV in red, seasonal vaccine strains in gray, new swine strains in bold, variant in
orange. Homologous titers highlighted in gray.

e 1C.2.1,1C.2.4 and 1C.2.5: The selected contemporary viruses represented the diverse
1C.2.1, 1C.2.4 - with multiple deletion patterns and 1C.2.5 groups. In general, they were
poorly recognised by all 1C antisera except by A/Mechlenburg-Vorpommern/1/2021 — a
1C.2.1 variant virus.

e The new designated 1C.2.4 CVV A/Bretagne/24241/2021 recognized well the swine virus

closely associated with the variant infection but poorly recognized any of the other 1C.2.4
viruses and also the 1C.2.1, 1C.2.2 and 1C.2.5 viruses.
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Table 14. Amino acid substitutions between representative swine 1C.2.1 strains compared to the
within-clade CVV (A/Netherlands/10370-1b/2020 CVV); the additional within-clade CVV
(A/Netherlands/3315/2016 CVV) is included.

S N
59| 8|8
<] o &| Y
S| 81§ o
S 2l 9§
2138 % <
§| 8| 2| 2
2l 2lg|e
2| 2| 2| 3
site < | €| <| <] annotations
20 M L L
31 D [N N N
44 M | L L L
48 A P
71 L | T | Cb
74 K | N N N Cb
83 P |S S S
89 A T
97 N [D D D
120 A | E
132 T |S S S RBS
137 P |S S S Ca?
141 A |l V D
142 N | K K K Ca2
155 G | E D E Sa
161 L | | |
163 K |T T M Sa
175 VvV || |
199 | \Y V V
202 E |G G G
208 |0 |K |K |R
209 R K
215 A |V V
227 M |
236 Q P
253 H Y Y Y
258 D [N N N
267 | M M M




271 H | N N N
308 K R
311 R|IQ |0 |0Q
321 I T

324 I V V V
326 S T

aadiff 26 |27 | 28

Reference CVV in red, pending/requested HI swine strains in blue.
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Table 15. Amino acid substitutions between a representative swine 1C.2.2 strain compared to the
within-clade CVV (A/Hessen/47/2020 CVV).

Alswine/ltaly/348919/2021

A/Hessen/47/2020

site annotations
3
53
66
84
97
118
120
125
127
130
155
161
163
175
185
214
235
239
253
267
269
270
271
288
289
302 K

aadiff 18 | 15
Reference CVV in red, pending/requested HI swine strain in blue, recent variant strain in orange.

o Ww\n|Z2|Z2|0|31|r
zZ

Sa

R | Sa

K | Sa

A

()]

Py

miZzwnmr» 22K HOH0K|IZ2|CT|®|”|C|Z2|>|0|0|0Mm|X|—

X0 |7 0 I<




Table 16. Amino acid substitutions between representative swine 1C.2.4 strains compared to the
within-clade CVV (A/Bretagne/24241/2021 CVV).

N
MRS
Q| 3
S8
S| 3
e =
g 2
5| ¢
site < | < | annotations
20 M | L
36 N | S
51 o IN
56 D [N
69 L P
71 V | L Cb
84 N | D
112 E | K
119 K |E
120 - A
121 N | T
124 P |S Sa
125 S |N Sa
128 - T
129 E | T
130 A |G
134 vV | A RBS
138 K |H
142 N |S Ca2
149 L S
153 S | K Sb
156 K|S Sb
157 P |S Sa
159 S|P Sa
163 K |R Sa
166 K |T Cal
169 |K |0
170 G |E Cal
185 Y |D
186 S |R
189 Q | L Sh, RBS
195 N | D Sb, RBS




202

205

208

216

219

RBS

222

Ca2, RBS

224

RBS

237

Cal

252

253

258

262

271

289

O|T|Zz2\Mm|<|™ M| |Mim|o0X|I<

Z|1Z2|1T |0 |T RGO [P|OXRH|X|H|>

aadiff

46

Reference CVV in red, swine strains in black, pending/requested HI swine strains in blue.
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H3 swine lineage

publiclAVllab-22-blA/swine/Indiana/A02636492/2022IH3N2ISwinelUSAI3.2010.212022-02-14
publiclAVIA/swine/Indiana/A02636512/2022IH3N2ISwinelUSAI3.2010.212022-02-21

* H3v candidate vaccine virus
publiclAVIA/swine/Indiana/A02636521/2022IH3N2ISwinelUSAI3.2010.212022-02-23

- A/Darwin/6/2021 publiclAVIA/swine/Ohio/A02636432/2022|H3N2ISwinelUSAI3.2010.212022-01-20
publiclAVIlab-22-blA/swine/Indiana/A02635878/2021IH3N2ISwinelUSAI3.2010.212021-05-27 #
publiclAVIA/swine/Indiana/A02636487/2022IH3N2ISwinelUSAI3.2010.212022-02-10

€@ A/Cambodia/e826360/2020 -

Previous H3N2
seasonal vaccines

2

# Hl tested viruses

Requested/pending HI
publiclAVIA/swine/lowa/A02636649/2022|H3N2ISwinelUSAI3.2010.112022-04-20

A Consensus sequences publiclAVIlab-22-blA/swine/lowa/A02636454/2022IH3N2|SwinelUSAI3.2010.112022-01-31
publiclAVIA/swine/Minnesota/A02711799/2022IH3N2ISwinelUSAI3.2010.112022-03-25
publiclAVIA/swine/Minnesota/A02711803/2022|H3N2ISwinelUSAI3.2010.112022-04-08
DD IGIAVIATSw NG /1A AO5696840 2023 HINo S NS SIS 2010 1156220419

H - public swine/lndiana wine . . - -
H3 swine genetlc publiclAVIA/swine/Ohio/A02750648/2022|H3N2ISwinelUSAI3.2010.112022-06-09

clades publiclAVIlab-20-blA/swine/Ohio/A01354299/2017IH3N2ISwinel USAI3.2010.112017
. 3.2010.2 (n=5) CVVIA/Ohio/13/2017IH3N2ISwinel USAI3.2010.112017 *
. 3.2010.1 (n=52) — publiclAVIA/swine/lpdiana/A02750649/2022IH3N2ISwinelUSAI3.2010.112022-06-10
‘ 3.1990.6 (n=1) I—_—[ publiclAVIA/swine/lowa/A02636396/20221H3N2ISwinel USAI3.2010.112022-01-27
ubliclAVIlab-22-blA/swine/Utah/A02524953/2020IH3N2ISwinelUSAI3.2010.112020-12-03  #
. 3.1990.4.a (n:43) CVVllab-22-blA/Ohio/28/2016/H3N2ISwinelUSAI3.2010.112016
’ o publiclAVllab-22-bIA/swine/lowa/A02636476/2022IH3N2ISwine USAI3.2010.112022-02-07
A publiclAVIA/swine/Texas/A02711823/2022IH3N2ISwinel USAI3.2010.112022-05-06
3.1990.4.i (n=2) PUbliciAVIA/swine/Texas/A02711707/20221H3ISwinel USAI3.2010.112022-03-10
3.1990.4 (n=2)
3.1990.7 (n=2) offlu-vemlA/swine/Kagoshima/37-2513/20221H3N2ISwinel JAPI3.1990.612022-01-25
. 3.1970.1 (n=7) publiclAVIA/swine/North_Carolina/A02636673/2022|H3N2|SwinelUSAI3.1990.4.al2022-05-05
publiclAVIA/swine/North_Carolina/A02636348/2022IH3N2ISwinelUSAI3.1990.4.al2022-01-14
. publiclAVilab-22-blA/swine/North_Carolina/A02245294/2019IH3N2ISwinelUSAI3.1990.4.a12019-10-1
Human vaccine publiclAVIA/swine/Ohio/A02636456/2022IH3N2|SwinelUSAI3.1990.4.a12022-02-01
publiclAVIA/swine/Pennsylvania/A02636614/2022|H3N2ISwinelUSAI3.1990.4.a12022-03-30
or seasonal publiclAVIA/swine/Pennsylvania/A02636577/2022IH3N2ISwinelUSAI3.1990.4.al2022-03-16

publiclAVIA/swine/lllinois/A02636634/2022IH3N2ISwinelUSAI3.1990.4.al2022-04-12
publiclAVIA/swine/Minnesota/A02711696/2022IH3N2ISwinelUSAI3.1990.4.al2022-02-07

publiclAVIA/swine/lowa/A02636332/2022IH3N2ISwinelUSAI3.1990.4.al2022-01-11
publiclAVIA/swine/lowa/A02636489/2022I|H3N2ISwinelUSAI3.1990.4.a12022-02-14
ubliclAVIA/swine/lowa/A02636640/2022IH3N2ISwinelUSAI3.1990.4.312022-04-11
CVVllab-22-blA/Minnesota/11/2010IH3N2ISwinelUSAI3.1990.4.al2010 k
-E publiclAVIA/swine/Minnesota/A02636519/2022IH3N2ISwinelUSAI3.1990.4.i12022-02-23

publiclAVllab-22-blA/swine/Minnesota/A02245671/2020/H3N2|SwinelUSAI3.1990.4.i12020-06-12

offlu-vemlA/swine/QC/N14-2/2022IH3N2Iswinel CANI3.1990.4.i12022-01-18
ubliclAVIA/swine/Minnesota/A02711797/2022IH3N2ISwinelUSAI3.1990.412022-03-22

offlu-vemlA/swine/QC/N33-1/2022IH3N2Iswinel CANI3.1990.412022-04-01

offlu-vemlA/swine/Queensland/22-03151-0002/2022IH3N2ISwinelAUSI3.1990.712022-06-30
offlu-vemlA/swine/Queensland/21-01586-0006/2021IH3N2ISwinelAUSI3.1990.712021-04-22

offlu-vemlA/swine/ltaly/35820/2022|H3N2ISwinellTAI3.1970.112022-2-1

publiclAVIA/swine/ltaly/401685/2020IH3N2ISwinellTAI3.1970.112020-12-09
offlu-vemlA/swine/ltaly/135782/2021IH3N2ISwinellTAI3.1970.112021-04-20
offlu-vemlA/swine/ltaly/29936/2021IH3N2ISwinelITAI3.1970.112021-01-26
publiclAVIA/swine/ltaly/351191/2020IH3N2ISwinellTAI3.1970.112020-11-02

offlu-vemlA/swine/ltaly/430612/2021IH3N2ISwinellTAI3.1970.112022-1-5
offlu-vemlA/swine/ltaly/105652/2022IH3N2ISwinelITAI3.1970.1/12022-3-28
offlu-vemllab-22-alA/swine/Italy/308955-3/2021IH3N2ISwinelITAI3.1970.112021-09-13 #

0.03

Figure 10. Swine H3 HA genes. Number of detections of each clade from data deposited between
January 1, 2022 - June 30, 2022 are presented adjacent to the clade name in the figure key. Clad

s#

#

es

within the tree were proportionally down sampled to 45 swine HA genes (excluding references); tree

includes clade consensus sequences, and human vaccine strains.
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Antigenic analysis: Swine H3

Table 17. USA Data: Hemagglutination inhibition of CVV or human seasonal
vaccine ferret antisera against contemporary swine H3 strains selected to
represent clade consensus.
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Clade £ - - -
A/Minnesota/11/2010 x 203 1990.4.a

A/swine/NorthCarolina/A02245294/2019* 1990.4.a

A/swine/Minnesota/A02245671/2020* 1990.4.i
ID40CDC-RG55C A/Ohio/28/2016-like 2010.1
Cw
IDCDC-RG60A A/Ohio/13/2017 CVV 2010.1
2010.1
Al/swine/lowa/A02636476/2022* 2010.1
Alswine/lowa/A02636454/2022* 2010.1
Al/swine/Utah/A02524953/2020 2010.1
A/swine/Indiana/A02635878/2021 2010.2 nt
rg-A/Cambodia/e826360/2020-like 3C.2alb.2a.1 nt
rg-A/Darwin/6/2021-like 3C.2alb.2a.2 nt 20 40

Reference CVV in red, seasonal vaccine strains in gray, new swine strains in bold, variant in orange.
Homologous titers highlighted in gray. *Previously tested in report 2021a; rg is a synthetic HA/NA on PR8
backbone.

e The contemporary swine 1990.4.a demonstrated a significant 8-fold decrease from CVV
A/Minnesota/11/2010 x 203.

e The contemporary swine 1990.4.i does not have a CVV contained within clade and
demonstrated a significant 32-fold decrease from CVV A/Minnesota/11/2010 x 203.

e The contemporary swine 2010.1 representative strains had a significant decrease to CVV
IDCDC-RG55C A/Ohio/28/2016-like, whereas CVV A/Ohio/13/2017 had greater cross-reactivity
to recent swine strains.

e The contemporary swine 2010.2 representative strain does not have a CVV contained within
clade but reacted to A/lowa/60/2018 and an 8-fold decrease to A/lHong Kong/45/2019.
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Table 18. EU Data: Hemagglutination inhibition of CVV or human seasonal
vaccine ferret antisera against contemporary swine H3 strains selected to
represent clade consensus.

> 8 fold reduction

IDCDC-RG55C A/Ohio/28/2016-like CVV

AlVictoria/3/1975
A/Sydney/5/97

Global Clade

AlVictoria/3/1975 Human seasonal

IDCDC-RG55C A/Ohio/28/2016-like CVV

A/Sydney/5/97 Human seasonal

A/swine/ltaly/308955-3/2021 1970.1 640 | 320 | 320

Reference CVV in red, seasonal vaccine strains in dark red, new swine strains in bold. Homologous
titers highlighted in gray. ND=not done.

» The contemporary swine 3 A/swine/Italy/308955-3/2021 demonstrated good reactivity with

A/lVictoria/3/1975 and poor cross reactivity to the 2010.1 CVV and another antiserum raised to a
human seasonal strain.
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Table 19. Amino acid substitutions between a representative swine 1990.4.X strain compared to the

within-clade CVV (A/Minnesota/11/2010 x 203) used in the HI assay.
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323 vV |

Reference CVV in red, HI swine strains in purple, recent variant detection in orange.
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Table 20. Amino acid substitutions between a representative swine 2010.1 strain compared to the
within-clade CVV (A/Ohio/28/2016 IDCDC-RG55C) used in the HI assay. A second within-clade
CVV (A/Ohio/13/2017) is presented.
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Table 21. Amino acid substitutions between a representative 2010.2 strain compared to the human
seasonal vaccine (A/Cambodia/e0826360/2020 C.2alb2a), and a second human seasonal vaccine
(A/Darwin/6/2021 C.2alb.2a).
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Reference vaccine strains in gray, HI swine strain in purple.
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Table 22. Amino acid substitutions between a representative swine 1970.1 strain compared to the

putative ancestral human seasonal H3 strain (H3 A/Port Chalmers/1/1973); the most similar human

seasonal vaccine by amino acid similarity (A/Victoria/3/1975) is included.
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Summary and Risk Assessment

Global Variant Cases:
During the reporting period (January 1, 2022 — June 30, 2022), 1 variant case was reported and
included with the swine analyses:

e Germany: HIN1v (1C.2.2)
An additional 6 variant cases were reported July 1, 2022 — present but collected following the report
window. When HA sequence were available, they were included in the phylogenetic trees:

e USA:HIN2v (11A.1.1;11A.3.3.2; 1B.2.1 no sequence); H3N2v (3 2010.1)

Europe Swine:

« The contemporary swine 1A.3.3.2 (pdm) with onward transmission in European swine were
poorly recognized by the panel of human seasonal vaccine strains with the exception of two
viruses, where there was good recognition.

* The swine 1B.1.1 was poorly cross-reactive with A/Chile/1/1983 with the 1B.2.1.d2 CVV.

» The contemporary swine 1B.1.2.2 representing strains circulating in Italy and had a significant
decrease in cross reactivity against both the 1B.2.1 d2 CVV and against the human seasonal
strain reference. There are no within-clade CVVs for 1B lineages from Europe.

« 1C.2.1,1C.2.4 and 1C.2.5: The selected contemporary viruses represented the diverse 1C.2.1,
1C.2.4 - with multiple deletion patterns and 1C.2.5 groups. In general, they were poorly
recognised by all 1C antisera except by A/Mechlenburg-Vorpommern/1/2021 — a 1C.2.1 variant
virus.

* The new designated 1C.2.4 CVV A/Bretagne/24241/2021 recognized well the swine virus

closely associated with the variant infection but poorly recognized any of the other 1C.2.4
viruses and also the 1C.2.1, 1C.2.2 and 1C.2.5 viruses.

North America Swine:

* The contemporary swine 1A.1.1 (alpha-del) was not detected by the 1A.1.1 CVV
A/Ohio/24/2017 ferret anti-sera.

* The 1A.2 swine strain was not significantly detected by any CVV or vaccine anti-sera.

* The contemporary swine 1A.3.3.2 (pdm) with onward transmission in swine had significant 16-
fold decrease in cross-reactivity to the A/Wisconsin/588/2019 6B1.A-5a.2 vaccine strain, but
maintained cross-reactivity to A/Hawaii/70/2019-like 6B.1A.5a.1 vaccine strain.

* The contemporary swine 1A.3.3.3 (gamma) clade 3 virus had a 16-fold decrease with the
1A.3.3.3-clade 1 CVV A/Ohio/09/2015. The contemporary swine 1A.3.3.3 (gamma) clade 1 virus
had an 8-fold decrease with the within-clade 1A.3.3.3-clade 1 CVV A/Ohio/09/2015.

* The contemporary swine 1A.4 (gamma-2-beta-like) virus was not significantly detected by any
CVV or vaccine anti-sera.

* The contemporary swine 1B.2.1 (delta-2) was 100% identical in the HAL to the within-clade CVV
A/Michigan/383/2018 and there was no loss in cross-reactivity.

* Two contemporary swine 1B.2.2.1 (delta-1a) representing diverging clades were tested. Both
Alswine/lowa/A024636436/2022 and A/swine/Wyoming/A02525343/2021 had a 8-fold reduction
from the within clade CVV A/lowa/32/2016 and demonstrated loss in cross-reactivity to each
other.
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The contemporary swine 1B.2.2.2 (delta-1b) does not have a CVV contained within clade and
had a significant greater than 8-fold decrease from CVV A/lowa/32/2016.

The Brazil 1B.2.3 clade has no within clade CVV, and the representative strain had a significant
8-fold loss in cross reactivity to the 1B.2.2.1 Al/lowa/32/2016 CVV but retained reactivity with the
1B.2.1 A/Michigan/383/2018 CVV.

The contemporary swine 1990.4.a demonstrated a significant 8-fold decrease from CVV
A/Minnesota/11/2010 x 203.

The contemporary swine 1990.4.i does not have a CVV contained within clade and
demonstrated a significant 32-fold decrease from CVV A/Minnesota/11/2010 x 203.

The contemporary swine 2010.1 representative strains had a significant decrease to CVV
IDCDC-RG55C A/Ohio/28/2016-like, whereas CVV A/Ohio/13/2017 had greater cross-reactivity
to recent swine strains.

The contemporary swine 2010.2 representative strain does not have a CVV contained within
clade but reacted to A/lowa/60/2018 and an 8-fold decrease to A/lHong Kong/45/2019.
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Annex 1. Geographic Distribution of swine HA phylogenetic clades by country
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Figure Al. Summary of swine HA genes colored by phylogenetic clade for sequences deposited
January 2022 — June 2022 and truncated to those collected within the last 6 months (n=350).
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Figure A2. Summary of swine HA genes colored by phylogenetic clade for sequences deposited
January 2022 - June 2022 and truncated to those collected within the last 24 months (n=459).
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Table Ala. Summary of swine H1 clades by country collected in the past 6 months and deposited

January 2022 — June 2022.

clade country count
1A.1.1 CAN 7
1A.2 CAN 2
1A.3.3.2 CAN 2
1C.2.4 DEU 2
1A.3.3.2 GBR 8
1B.1.1 GBR 9
1A.3.3.2 ITA 6
1B.1.2.2 ITA 4
1C.2.1 ITA 3
1C.2.2 ITA 6
1C.2.4 ITA 6
1C.2.5 ITA 1
1A.3.3.2 JAP 1
1A5.1 JAP 1
1A.5.3 JAP 1
1C.2.4 RUS 5
1A.1.1 USA 33
1A.3.3.2 USA 10
1A.3.3.3 USA 79
1A.4 USA 7
1B.2.1 USA 34
1B.2.2.1 USA 8
1B.2.2.2 USA 16

Table Alb. Summary of swine H1 clades by country collected in the past 24 months and deposited
January 2022 — June 2022.

clade country count
1A.3.3.2 AUS 4
1A.3.3.2 BEL 3
1B.1.2.1 BEL 3
1C.2.2 BEL 3
1A.1.1 CAN 7
1A.2 CAN 2
1A.3.3.2 CAN 2
1C.2.3 CHN 12
1C.2.4 DEU 4
1A.3.3.2 DNK 7
1C.2.4 DNK 1
1C.25 DNK 1
1C.2.1 FRA 1
1C.2.4 FRA 2
1A.3.3.2 GBR 13
1B.1.1 GBR 13
1A.1.1 HKG 2
1A.3.3.2 ITA 18
1B.1.2.1 ITA 1
1B.1.2.2 ITA 14
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1C.2.1 ITA 6
1C.2.2 ITA 15
1C.24 ITA 12
1C.25 ITA 2
1A.3.3.2 JAP 1
1A5.1 JAP 1
1A.5.3 JAP 1
1A.3.3.2 NLD 1
1C.24 RUS S
1A.1.1 USA 33
1A.3.3.2 USA 10
1A.3.3.3 USA 79
1A.4 USA 7
1B.2.1 USA 34
1B.2.2.1 USA 8
1B.2.2.2 USA 16
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Table A2a. Summary of swine H3 clades by country collected in the past 6 months and deposited

January 2022 — June 2022.

clade country count

3.1990.7 AUS 1
3.1990.4 CAN 1
3.1990.4.i CAN 1
3.1970.1 ITA 3
3.1990.6 JAP 1
3.1990.4 USA 1
3.1990.4.a USA 43
3.1990.4.i USA 1
3.2010.1 USA 54
3.2010.2 USA 5

Table A2b. Summary of swine H3 clades by country collected in the past 24 months and deposited
January 2022 — June 2022.

clade country count

3.1990.7 AUS 2
3.1990.4 CAN 1
3.1990.4.i CAN 1
3.1970.1 ITA 7
3.1990.6 JAP 1
3.1990.4 USA 1
3.1990.4.a USA 43
3.1990.4.i USA 1
3.2010.1 USA 54
3.2010.2 USA 5
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Annex 2. Phylogenies of swine HA lineages with tree backbone annotated by inferred

amino acid mutations.
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Figure A3. A phylogeny of the 1A.3.3.3 clade displaying sequences deposited January 1, 2022 -
June 30, 2022 and collected in 2021-2022 (n=79) and 14 reference genes. The clade is rooted
relative to the most recent in-clade CVV (A/Wisconsin/03/2021) and all branches are annotated by
the respective amino acid mutations in the HAL region. The strains are colored in consistence with

Figure 7.
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publiclAV|Alswine/North_Carolina/A02246916/2022|HIN1|Swine|USA|1A.1.1]2022-01-21
1N1|Swine|USA|1A.1.1]2022-01-24

rasac
p c 71
1/2022|HIN1|Swine|USA|1A.1.1|2022-02-01

1N1|Swine|USA|1A.1.12022-01-31

1N1|Swine|USA|1A.1.1]2022-02-24

R160K]
4‘»4: 870
_C 711814/2022|HIN1 | It

L1272
1N1|Swine|USA1A.1.1]2022-03-09
1IN1|Swine|USA|1A.1.1]2022-03-31

11A.1

visen
p _C.

Neds
publiclAV|A/swine/North_Carolina/A02711697/2022|H1N1|Swine|USA|1A.1.1[2022-02-21

Figure A5. A phylogeny of the 1A.1.1 clade displaying n=40 sequences deposited January 1, 2022 -
June 30, 2022 and collected in 2021-2022, and n=6 reference genes. The clade is rooted relative to
the most recent in-clade CVV (A/Ohio/24/2017) and all branches are annotated by the respective
amino acid mutations in the HA1 region. The strains are colored in consistence with Figure 7.



CVV|lab-22-b|A/Michigan/383/2018|HIN2|Human|USA|1B.2.1|2018-07-31

publiclAV|lab-22-b|A/swine/Michigan/A01104117/2018|H1N2|Swine|USA|1B.2.1|2018-07-27

T130P, T1661

R189K,E256K, S280N|

V80I,N156Y,5245N,S260N

publiclAV|

S36R,E169K,A215V,N276D

publiclAV|A/swine/lowa/A02636510/2022|H1N2|Swine|USA|1B.

E186G,V1991

V2151,N222D

publiclAV|

publiclAV|A/swine/lowa/A02636680/2022|H1N2|Swine|USA|1B.

publiclAV|A/swine/lowa/A02636455/2022|H1IN2|Swine|USA|1B.2.1]2022-02-01

publiclAV|A/swine/lowa/A02636375/2022|H1N2|Swine|US,

N141E K168N,H193R,E:

(G262R

N, E17 E2!

/1751, H181N,R189K,E22

89A,Y94H,L101M,V1081 K120E K168 K.Q283K

2636371/2022|HIN2|Swine|USA|1B.2.1|2022-01-07

2.1|2022-02-22

2636540/2022|HIN2|Swine|USA|1B.2.1|2022-02-24

2.1|2022-05-02

A|1B.2.1]2022-01-11

publiclAV|A/swine/Minnesota/A02636602/2022|H1N2|Swine|USA|1B.2.1|2022-03-30

publiclAV|A/swine/Minnesota/A02711809/2022|H1N2|Swine|USA|1B.2.1|2022-04-19

i/A02636355/2022|H1N2|Swine|USA|1B.2.1|2022-01-03

717,P83S,DI7N,K119E V1291, T277A,V2951, T310S

publiclAV|

Indial

publiclAV].

N31S,K45N

71V,E74V,K120E,G237S,5245

02636393/2022|H1N2|Swine|USA|1B.2.12022-01-18

$2581,T310A

vi7al 56G,1173V,M1851,R209K K216R |

T,S72P K120D,T130S,R189K,R208K,F261S,

publiclAV|

A,5289D

T711,583P K113R E169K A310T

S54N,E68D,L691,D97N,V153A,S162T A215S,K250N, S

T89A E224G

J{

(6170E. 52606

V161,L69M,T82K K119E,M1851,H193N,G237E, T277A

publiclAV|A/swine/South_Dakota/A02636513/2022|H1N2|Swine|USA|

D35N,S203T,M2721

publiclAV/. I

V51,E169K

120N, T128K,V202M,E256

publiclAV/|. Minnesota/A02711713/2022|H1N2|Swi

V1791,Q283R,A310T|

[E1696.

publiclAV| 0ta/A02711820/2022|HIN2|Swil

161V, E68K,K112N,K120E, N15!

publiclAV|A

H138Y H193R,S261Y

publiclAV] IA02636374/2022|H1N2|Swi
publiclAV|A/swine/Nebraska/A02636507/2022|H1N2|Swine|USA|1B.

publiclAV|A/swine/Nebraska/A02711709/2022|H1N2|Swine|US.

CVV|lab-20-b|A/Ohio/35/2017|H1N2|Human|USA|1B.2.1|2017-08-17
publiclAV|A/swine/Indiana/A02636339/2022|H1N2|Swine|USA|1B.2.1]2022-01-03
A153V,L176M,5215Y

publiclAV|A/swine/Ohio/A02636465/2022|H1N2|Swine|USA|1B.2.1|2022-02-02

Indiana/A02711827/2022|H1N2|Swine|USA|1B.2.1|2022-05-09

publiclAV/,
publiclAV|A/swine/North_Carolina/A02636386/2022|H1N2|Swine|USA|1B.2.1|2022-01-13
publiclAV|A/swine/North_Carolina/A02711808/2022|H1N2|Swine|USA|1B.2.1|2022-04-15
publiclAV|A/swine/North_Carolina/A02636347/2022|H1N2|Swine|USA|1B.2.1|2022-01-07
publiclAV|A/swine/North_Carolina/A02636509/2022|H1N2|Swine|USA|1B.2.1|2022-02-21

publiclAV|A/swine/North_Carolina/A02636610/2022|H1N2|Swine|USA|1B.2.1|2022-04-01

|1B.2.1|2022-02-22

02636460/2022|H1IN2|Swine|USA|1B.2.1|2022-02-02
publiclAV|A/swine/Minnesota/A02711800/2022|H1N2|Swine|USA|1B.2.1|2022-03-25
publiclAV|A/swine/Minnesota/A02246918/2022|H1N2|Swine|USA|1B.2.1|2022-01-26

publiclAV|A/swine/Minnesota/A02711695/2022|H1N2|Swine|USA|1B.2.1|2022-01-28

ne|USA|1B.2.1]2022-03-29

ne|USA|1B.2.1|2022-05-03

2636466/2022|H1IN2|Swine|USA|1B.2.1|2022-02-02

ne|USA|1B.2.1]2022-01-10
2.1|12022-02-17

AJ1B.2.1|2022-03-15

publiclAV|A/swine/Minnesota/A02711818/2022|H1N2|Swine|USA|1B.2.1|2022-05-04
publiclAV|A/swine/lowa/A02636497/2022|H1IN2|Swine|USA|1B.2.1]2022-02-16

publiclAV|A/swine/lowa/A02636633/2022|H1IN2|Swine|USA|1B.2.1|2022-04-11

_Dakota/A02636463/2022|H1IN2|Swine|USA|1B.2.1|2022-02-02

Figure A6. A phylogeny of the 1B.2.1 clade displaying n=33 sequences deposited January 1, 2022 -
June 30, 2022 and collected in 2021-2022, and n=10 reference genes. The clade is rooted relative

to the most recent in-clade CVV (A/Michigan/383/2018) and all branches are annotated by the
respective amino acid mutations in the HA1 region. The strains are colored in consistence with

Figure 8.
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1C.2.412021-01-21

1€.2.412021-02-15

1C.2.4[2021-01-11

offlu-vemlA/swine/ltaly/71791/2022|H1N2|Swine I TA|1C.2.4|2022-2-28

IITAI1C.2.412021-03-19
offlu-vem|A/swine/ltaly/416754/2021|HIN2|Swine|ITAJLC.2.4[2021-12-1

ITAILC.2.4|2022-3-31

offiu-vemlA/swine/ltaly/120575/2022|HIN2|Swine|ITA|1C.2.4|2022-4-11
[ ITAILC.2.412022-4-6

= 2] 2.4[2022:03-01
/_3_Region/RIl-1; HIN2|Swine|RUS|1C.2.4[2022:03-01
ZE 2.4[2022-03-01

2.4[2022-03-01

/5 2.4[2022-03-01

offlu-vemlA/swine/ltaly/72999-4/2022|HIN2|SwinelITAI1C. 2.4]2022-3-1
offlu-vemiAls:

taly/72983-3/2022|HIN2|SwinelITA|1C. 2.4]2022-3-1

TAILC.2.412021-11-18

|ITAliC.2
offlu-vem|A/swine/ltaly/41897412021|HIN2|Swine|ITA[1C.2.4[2021-12-2

412022-03-17

1C.2.412021-12-02

412022-03-17

4j2021-12-02

Figure A7. A phylogeny of the 1C.2.4 clade displaying n=20 sequences deposited January 1, 2022 -
June 30, 2022 and collected in 2021-2022, and n=5 reference genes. The clade is rooted relative to
the closest CVV (A/Britagne/24241/2021) and all branches are annotated by the respective amino
acid mutations in the HAL region. The strains are colored in consistence with Figure 9.
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CVV|lab-22-b|A/Ohi0/28/2016|H3N2|Swine|USA|3.2010.1]2016

N53D,G78S,N82S,N122S,D133G, A135T S137F,R142K,S144D, P22

A304D

V88I,K92R,S1441,H156Q, T167A,S209G, N312K

V112A,1144T

K312R

A1385|

publiclAV|A/swine/Kansas/A02750656/2022|H3N2|Swine|USA|3.2010.1|2022-06-16
publiclAV|lab-22-b|A/swine/Utah/A02524953/2020|H3N2|Swine|USA|3.2010.1|2020-12-03

IY105S,N121S,N278S
I; publiclAV|A/swine/Nebraska/A02750644/2022|H3N2|Swine|USA|3.2010.1]2022-06-13

D133N,R142G,L157S,F159H E165K,Q173K K189E,A198S R2081,K276E,1300V,N3125

P4l

52755, 7328
~— publiclAV|A/swine/lowa/A02636396/2022|H3N2|Swine|USA|3.2010.1]2022-01-27

k145N

P4H,134V, K83R,N121T A135T,S144N,N158H,F159S A199E, V223

P103Q,D188E

publiclAV|A/swine/Missouri/A02636458/2022|H3N2|Swine|USA|3.2010.1|2022-02-02
D85G

publiclAV|A/swine/lowa/A02636495/2022|H3N2|Swine|USA|3.2010.1|2022-02-16
publiclAV|A/swine/Missouri/A02636364/2022|H3N2|Swine|USA|3.2010.1]2022-01-06
publiclAV|A/swine/Missouri/A02636459/2022|H3N2|Swine|USA|3.2010.1]|2022-02-02
publiclAV|A/swine/lowa/A02750612/2022|H3N2|Swine|USA|3.2010.1|2022-05-19

T48K,R83K,V112,N124S, H158N,R201K, 1323V | publiclAV|A/swine/Kansas/A02711700/2022|H3N2|Swine|USA|3.2010.1|2022-02-24

A135S,R238K,1242V, T301A

V2231

L157S,V3001

F46S,G275V

p225G
125M

L3F,S9IN
E62K,N96S
N38S,N278T

N216S

L151,P21S
G5S,Q33R, 134V, L5091, R150K,V2231,F258Y

|_N8K,G78D,

publiclAV|A/swine/Oklahoma/A02711708/2022|H3|Swine|USA|3.2010.1|2022-03-10
publiclAV|A/swine/lowa/A02636369/2022|H3N2|Swine|USA|3.2010.1]2022-01-10
publiclAV|A/swine/Minnesota/A02711811/2022|H3N2|Swine|USA|3.2010.1]|2022-04-22
publiclAV|A/swine/Minnesota/A02711805/2022|H3N2|Swine|USA|3.2010.1|2022-04-14
publiclAV|A/swine/Minnesota/A02711825/2022|H3N2|Swine|USA|3.2010.1|2022-05-09

publiclAV|A/swine/Oklahoma/A02246912/2022|H3|Swine|USA|3.2010.1|2022-01-06
publiclAV|A/swine/Oklahoma/A02711828/2022|H3N2|Swine|USA|3.2010.1|2022-05-06
publiclAV|A/swine/Oklahoma/A02711706/2022|H3|Swine|USA|3.2010.1]|2022-03-09
D188E,A198T,A280E,1323L gop| publiclAV|A/swine/Texas/A02711707/2022|H3|Swine|USA|3.2010.1|2022-03-10
publiclAV|A/swine/Texas/A02246911/2022|H3|Swine|USA|3.2010.1|2022-01-06
publiclAV|A/swine/Texas/A02246910/2022|H3|Swine|USA|3.2010.1|2022-01-06
publiclAV|A/swine/Texas/A02711804/2022|H3|Swine|USA|3.2010.1|2022-04-08
publiclAV|A/swine/Texas/A02246919/2022|H3|Swine|USA|3.2010.1|2022-01-06
° publiclAV|A/swine/Texas/A02710697/2022|H3|Swine|USA|3.2010.1|2022-01-21
publiclAV|A/swine/lowa/A02636351/2022|H3N2|Swine|USA|3.2010.1|2022-01-03
Klag—R’i publiclAV|A/swine/Texas/A02711823/2022|H3N2|Swine|USA|3.2010.1|2022-05-06
publiclAV|A/swine/Texas/A02711824/2022|H3N2|Swine|USA|3.2010.1|2022-05-06
publiclAV|lab-22-b|A/swine/lowa/A02636476/2022|H3N2|Swine|USA|3.2010.1|2022-02-07
publiclAV|A/swine/Texas/A02636569/2022|H3N2|Swine|USA|3.2010.1]2022-03-17
158V L publiclAV|A/swine/Texas/A02711710/2022|H3|Swine|USA|3.2010.1|2022-03-17
—  publiclAV|A/swine/Texas/A02710696/2022|H3|Swine|USA|3.2010.1|2022-01-13

publiclAV|A/swine/lowa/A02636382/2022|H3N2|Swine|USA|3.2010.1|2022-01-12

1242R

H56Y,5200N

publiclAV|A/swine/lowa/A02636481/2022|H3N2|Swine|USA|3.2010.1|2022-02-10

E62G,R142G,G144D,5193Y,P221A V2231

D133N,S144G, T167A,1214T,R269K, 1323V

lA167E.R261Q

publiclAV|A/swine/lowa/A02636448/2022|H3N2|Swine|USA|3.2010.1|2022-01-28

publiclAV|A/swine/Indiana/A02750649/2022|H3N2|Swine|USA|3.2010.1|2022-06-10
publiclAV|A/swine/lowa/A02750654/2022|H3N2|Swine|USA|3.2010.1]2022-06-15

125M

142G, H156R,N158D,K189T

CVV|A/Ohio/13/2017|H3N2|Swine|USA|3.2010.1|2017

DBSE,F150Y

T12M,N96I,N121T

publiclAV|A/swine/Indiana/A02636354/2022|H3N2|Swine|USA|3.2010.1|2022-01-03

Figure A8. A phylogeny of the 3.2010.1 clade displaying n=54 sequences deposited January 1,
2022 - June 30, 2022 and collected in 2021-2022, and n=18 reference genes. The clade is rooted

D96G

N31D,S45N,N96D,N12

V223

202Tv1064|

publiclAV|A/

/Indiana/A02636646/2022|H3N2|Swine|USA|3.2010.1|2022-04-19

publiclAV|A/swine/Ohio/A02750648/2022|H3N2|Swine|USA|3.2010.1|2022-06-09
publiclAV|A/swine/lllinois/A02750653/2022|H3N2|Swine|USA|3.2010.1|2022-06-14
E62G,A106V,A212T R238K K264R S124N,A198S,1236V | publiclAV|A/swine/Kentucky/A02636479/2022|H3N2|Swine|USA|3.2010.1|2022-02-07
publiclAV|A/swine/Kentucky/A02636480/2022|H3N2|Swine|USA|3.2010.1|2022-02-07
publiclAV|A/swine/lowa/A02711712/2022|H3N2|Swine|USA|3.2010.1|2022-03-21

publiclAV|A/swine/lowa/A02750628/2022|H3N2|Swine|USA|3.2010.1]2022-05-25

T313N

publiclAV|A/swine/lowa/A02636384/2022|H3N2|Swine|USA|3.2010.1|2022-01-13

publiclAV|A/swine/lowa/A02636488/2022|H3N2|Swine|USA|3.2010.1]2022-02-11

publiclAV|A/swine/lowa/A02750626/2022|H3N2|Swine|USA|3.2010.1|2022-05-23

publiclAV|A/swine/Minnesota/A02711799/2022|H3N2|Swine|USA|3.2010.1|2022-03-25

publiclAV|A/swine/Minnesota/A02711803/2022|H3N2|Swine|USA|3.2010.1]2022-04-08

publiclAV|lab-22-b|A/swine/lowa/A02636454/2022|H3N2|Swine|USA|3.2010.1|2022-01-31

publiclAV|A/swine/lowa/A02636674/2022|H3N2|Swine|USA|3.2010.1|2022-05-09

publiclAV|A/swine/lowa/A02636597/2022|H3N2|Swine|USA|3.2010.1|2022-03-22

S219F

publiclAV|A/swine/lowa/A02636649/2022|H3N2|Swine|USA|3.2010.1|2022-04-20
D96N, S115F

publiclAV|A/swine/lowa/A02636675/2022|H3N2|Swine|USA|3.2010.1|2022-04-26

105H . X .
publiclAV|A/swine/Kansas/A02711802/2022|H3N2|Swine|USA|3.2010.1]|2022-04-07

relative to the most representative in-clade CVV (A/Ohio/28/2016) and all branches are annotated

by the respective amino acid mutations in the HA1 region. The strains are colored in consistence

with Figure 10.
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CVV|lab-22-b|A/Minnesota/11/2010|H3N2|Swine|USA|3.1990.4.a|2010

F79L

T48A,K25!

9R

publiclAV|A/swine/lowa/A02636640/2022|H3N2|Swine|USA|3.1990.4.a|2022-04-11
P4S,L1111,N117S,Y155H,V196A,R201K,1217V,K264R,D291G

E119K,P289S|

L31,S46F, T107N,S219Y,N246

L3P,R50G,L1111,1124F,S209N,H273Q

I

S
publiclAV|A/swin

1124V,1323V

119€ D172 124T VAS0L

V323l

F79L

A

12177

publiclAV|A/swine/lowa/A02636596/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-22

publiclAV|A/swine/lowa/A02636431/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-21
144D
publiclAV|A/swine/lowa/A02636498/2022|H3N2|Swine|USA|3.1990.4.a]2022-02-17

Q1K R50K,I58V, Y 101H,AL06T R208G K238R,K259R N290S | publiclAV|A/swine/lowa/A02636332/2022|H3N2|Swine|USA|3.1990.4.a]2022-01-11

ubliclAV|A/swine/lowa/A02636489/2022|H3N2|Swine|USA|3.1990.4.a]2022-02-14
e/Minnesota/A02711696/2022|H3N2|Swine|USA|3.1990.4.a]2022-02-07

publiclAV|A/swine/Minnesota/A02636470/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-04
124V,1323V

—— publiclAV|A/swine/Missouri/A02750643/2022|H3N2|Swine|USA|3.1990.4.a|2022-06-10

publiclAV|A/swine/lowa/A02636356/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-05

IM168l|
IN96S,51241,A1385,N156H,K207R 160N

publiclAV|A/swine/lowa/A02636647/2022|H3N2|Swine|USA|3.1990.4.a|2022-04-20

publiclAV|A/swine/Illinois/A02636676/2022|H3N2|Swine|USA|3.1990.4.a|2022-04-26

publiclAV|A/swine/lowa/A02636593/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-31

93T
publiclAV|A/swine/Indiana/A02750638/2022|H3N2|Swine|USA|3.1990.4.a]|2022-06-08

publiclAV|A/swine/Indiana/A02750620/2022|H3N2|Swine|USA|3.1990.4.a]|2022-05-27
L3F,G5E, R50K,N171D,V196A,1203V,Q261K X o
publiclAV|A/swine/Illinois/A02636634/2022|H3N2|Swine|USA|3.1990.4.a]|2022-04-12

L1111,R141K| S91N,T107N,1111L K310R

N158E,S247T,S289F

137S,N193Y

S45N,D78E,D175N

pu

publiclAV|A/swi
GSE

publiclAV|.
L1111

H75Q, T131A]

ja1317|

159H

S9N, T121N,M168I

N126D

S9G,N158D,V196A

T4gAKK189N,N193S V196,

1260L

[S209N

publiclAV|.
IRS0K, T131N,R141K

publiclAV|A/swine/P:

publiclAV|A/sw

publiclAV|A/swine/N
N8D

publiclAV
Y105H,S115F, T192A
N193

publiclAV|A/swine/lowa/C39563/2022|H3N2|Swine|USA|3.1990.4.a]2022-04-22
publiclAV|A/swine/lowa/A02636490/2022|H3N2|Swine|USA|3.1990.4.a]2022-02-14
publiclAV|A/swine/lowa/A02636493/2022|H3N2|Swine|USA|3.1990.4.a]2022-02-15
M1 bubliclAV|A/swine/lowa/A02711711/2022|H3N2|Swine|USA|3.1990.4.a]2022-03-17

L |

publiclAV|A/swine/lowa/A02636612/2022|H3N2|Swine|USA|3.1990.4.a|2022-04-04

ne/Pennsylvania/A02636531/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-28
Alswine/Indiana/A02636520/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-22
Alswine/Indiana/A02636329/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-17
publiclAV|A/swine/Ohio/A02636535/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-23

publiclAV|A/swine/Pennsylvania/A02636380/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-12
publiclAV|A/swine/Pennsylvania/A02636383/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-13

ennsylvania/A02750641/2022|H3N2|Swine|USA|3.1990.4.a|2022-06-14
ine/Pennsylvania/A02636577/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-16
orth_Carolina/A02636574/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-16

publiclAV|A/swine/Pennsylvania/A02636614/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-30

T131N,K259R,5262G

|A/swine/North_Carolina/A02711812/2022|H3N2|Swine|USA|3.1990.4.a|2022-04-27
publiclAV|A/swine/Indiana/A02636368/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-10

199T,R207K, T212A,N216S,1217V,5262G . X . X
publiclAV|A/swine/North_Carolina/A02636571/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-16

publiclAV|A/swine/l
publiclAV|A/swine/l

publiclAV|A/swine/l

owa/A02636538/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-25
owa/A02636358/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-03
owa/A02636362/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-05

,Y159H
= publiclAV|A/swine/North_Carolina/A02636370/2022|H3N2|Swine|USA|3.1990.4.a]|2022-01-05

117S,V196
157N

publiclAV[lab-22-b|A/swine/North_Carolina/A02245294/2019|H3N2|Swine|USA|3.1990.4.a|2019-10-15

G5E,N8K,S209N,P239S

A
~ publiclAV|A/swine/Ohio/A02636456/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-01

publiclAV|A/swine/North_Carolina/A02711714/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-30

P162Q
publiclAV|A/swine/North_Carolina/A02636348/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-14

159H,T1921,N1938,S231N

V1301
publiclAV|A/swine/lowa/A02636485/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-10

publiclAV|A/swine/North_Carolina/A02636673/2022|H3N2|Swine|USA|3.1990.4.a|2022-05-05

Figure A9. A phylogeny of the 3.1990.4.a clade displaying n=43 swine sequences deposited

January 1, 2022 - June 30, 2022 and collected in 2021-2022, and n=5 reference genes. The clade
is rooted relative to the most representative in-clade CVV (A/Minnesota/11/2010) and all branches
are annotated by the respective amino acid mutations in the HAL region. The strains are colored in

consistence with Figure 10.
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