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Swine influenza A viruses: Acknowledgements and Methods

Acknowledgements: We are grateful to the OFFLU Swine Group for their expertise and for sharing
data. We acknowledge Animal and Plant Health Agency (APHA, United Kingdom), Istituto
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Inspection Agency (CAN, Canada), the National Institute of Animal Health/National Agriculture and
Food Research Organisation (Japan), the Friedrich-Loeffler-Institut (FLI, Germany) for sharing
unpublished antigenic and genetic data and virus isolates via the OFFLU network and the WHOCC-
London for this report. We acknowledge the USDA-APHIS IAV in Swine Surveillance Program, global
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publicly sharing genetic sequences collected from GenBank or GISAID. Antigenic data were
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Ferret sera to human seasonal vaccines and human variant isolates were kindly provided by the US-
CDC and by the WHO-CC at the Francis Crick Institute, London. Contributions were made from:
USDA-ARS NADC: Amy (Vincent) Baker, Tavis Anderson, David Hufnagel, Alexey Markin, Blake
Inderski, Garrett Janzen, Megan Neveau, Katharine Young, Celeste Snyder; USDA-APHIS NVSL:
Alicia Janas-Martindale; APHA: lan Brown, Nicola Lewis, Benjamin Mollett, Joe James, Tom Lewis;
WHOCC-London: Nicola Lewis; OFFLU/FAO: Amelia Coggon. Phylogenetic and sequence analyses
were 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 July 1, 2022 — December 31, 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.




Global influenza A events in swine
Epidemiology

| Gt~ T

N ) : 1A.2
J 2 0. -
) 5 - 1A.33.2
o - - [
. Viet W 1A333c1
~ : N 2 5 ‘ » [ RIEEERS)
( ) 3 K
/\\/\ ‘ oo W as
( 30 \ A W 811
\7J = v oo W 8121
| ECE— ) - - 1B.2.1
(o) ) - © Mapbox © OpenStreetMap Improve this map
0 n W 18221
!
9 W 18222

o il 4 | W 1c22

hu.ﬂmh:[u YL ) |

Flgure 1 MlcroReact map of swme IAV H1 HA genes colored by phylogenetlc clade for sequences
collected and deposited to GISAID or GenBank between July 1 — December 31, 2022 (n=326);
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. Clades containing variants, location, and date of detection are marked with orange
crosses.
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Flgure 2 MlcroReact map of swme IAV H1 HA genes coIored by phylogenetlc clade for sequences
collected from December 31, 2020 — December 31, 2022 and deposited to GISAID or GenBank
between July 1 — December 31, 2022 (n=400); 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 swine IAV H3 HA genes colored by phylogenetic clade for sequences
collected and deposited to GISAID or GenBank between July 1 — December 31, 2022 (n=166). 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. Clades containing variants,

location, and date of detection are marked with orange crosses.
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Flgure 4 MlcroReact map of swme IAV H3 HA genes colored by phylogenetlc clade for sequences
collected from December 31, 2020 — December 31, 2022 and deposited to GISAID or GenBank
between July 1 — December 31, 2022 (n=168). 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 July
1, 2022 — December 31, 2022) from GISAID or shared via the OFFLU swine 1AV 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 July 1, 2022 — December 31, 2022) from GISAID or shared via the OFFLU swine 1AV

working group.
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Regional geographic summary

Phylogenetic analysis identified 21 genetic clades from H1 and H3 IAV in swine in sequence
data deposited between July 1 - December 31, 2022.

13 clades were H1 subtype, with detections from each of the lineages: 1A classical swine
lineage (6 clades); 1B human-seasonal lineage (5 clades); and 1C Eurasian avian lineage (2
clades).

e The 1A classical swine lineage viruses have global detection: 1A.1.1.3 in USA and
Canada; 1A.2 in Canada; 1A.4 in USA; 1A.3.3.3-¢c1 and 1A.3.3.3-c3 in USA. The
1A.1.5.1 were only detected in Japan. The 1A.3.3.2/pdm circulated in all countries that
deposited sequence data during this 6-month period (8 countries).

e 1B.1 human seasonal lineage was only in Europe, and the 1B.2 human seasonal lineage
was only in the USA.

e The 1C.2 Eurasian avian lineage was detected in Europe. There were 1C detections in
South Korea but outside of the July 1 — Dec 31, 2022, period. A first detection of a H1N2v
from the 1C.2.5 genetic clade in Taiwan was reported, but there were no available swine
surveillance data.

e A novel 1C.2 clade associated with an H1N1v was identified and named 1C.2.6.

8 H3 clades were detected in swine within 4 distinct lineages derived from human seasonal H3
virus spillovers grouped by the decade of introduction (1970.1; 1990.4; 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.

Global Variant Cases:

During the reporting period (July 1 — December 31, 2022), 14 variant cases were reported
and included with the swine analyses:

e USA:H1N2v (11A.1.1.3; 1 1A.3.3.2; 3 1B.2.1;), H3N2v (5 2010.1)
e Brazil: HIN1v (1 1A.3.3.2)

e Netherlands: H1N2v (1 1C.2.2)*

e Taiwan: HIN2v (1 1C.2.5)*

e Spain: H1IN1v (1 1C.2.6)*

An additional variant case was detected on April 8 2022, and presented by China CDC that
was not described in prior OFFLU reports:

e China: HIN1v (1 1C.2.3 — no sequence data)

*Variants are now reported in each named H1 1C.2 clade (1C.2.1 — 1C.2.6); within-clade
CVVs are available for 1C.2.1 - 1C.2.4, but not for 1C.2.5 or 1C.2.6.
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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.
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Global ol|lal|a|s|<|3|2|c|2|3]|E
Clade US Clade | 2 << << 2 2 << << < << << L
IDCDC-RG59 A/Ohio/24/2017 CVV 1A.1.1.3 alpha-del 160 | 160 | 160 | 320
A/swine/lllinois/A02524514/2020* 1A.1.1.3 alpha-del
A/swine/Ohio/A02750994/2022 1A.1.1.3 alpha-del

rg-A/swine/Quebec/N-2020-3-24/2020

rg-A/Hawaii/70/2019 6B.1A.5a.1 | pdm09

Human Low responder

A/swine/lowa/A02524480/2020* 1A.3.3.2 pdm09

A/swine/Nebraska/A02750786/2022 | 1A.3.3.2

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

A/swine/lowa/A02750752/2022 1A.3.3.3-c1 | gamma.1

10

A/swine/Minnesota/A02245409/2020* | 1A.3.3.3-c3 | gamma.3

40

A/swine/Minnesota/A02712157/2022 | 1A.3.3.3-c3

gamma-2-

A/swine/Texas/A01104132/2019 beta-like

1A4

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. Human sera were
collected in USA with high or low responder relative to A/Hawaii/70/2019, pools of 2 male and 2 female
adults in each.

e The contemporary swine 1A.1.1 (alpha-del) had >8-fold decrease from 1A.1.1 CVV
A/Ohio/24/2017 ferret anti-sera and had significant decreases in titer in adult human sera.

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

e The contemporary swine 1A.3.3.2 (pdm) with onward transmission in swine retained cross-
reactivity A/Hawaii/70/2019-like 6B.1A.5a.1 vaccine strain and with adult human sera.

e 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 and 4- to 8-fold reduction in adult human sera. The
contemporary swine 1A.3.3.3 (gamma) clade 3 virus had an 8-fold decrease with the 1A.3.3.3-
clade 1 CVV A/Ohio/09/2015 but retained reactivity with adult human sera.

e The swine 1A.4 (gamma-2-beta-like) virus had limited detection by any CVV or vaccine anti-sera
and 4- to 8-fold decrease with the adult human 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/California/7/2009
A/Ohio/9/2015 CVV

Global Clade
A/California/7/2009 H1N1 1A.3.3.2

©
o
N
o

o]
o
N
o

1A.3.3.2

A/swinel/ltaly/29548-31/2022 1A.3.3.2 40 320

A/swinel/ltaly/262599-4/2022 1A.3.3.2 80 0

Al/swine/Germany/Al03601/2022 1A.3.3.2 20 0
| S S

A/Ohio/9/2015 CVV H1N1 1A.3.3.3 ND ND

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

e The contemporary swine 1A.3.3.2 (pdm) strains with onward transmission in European swine
retained variable cross-reactivity to A/California/7/2009.
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Table 3. Amino acid substitutions between representative swine 1A.1.1.3 clade strains compared to

the within-clade CVV (A/Ohio/24/2017) and recent human variant.
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132

RBS

138

141

149

Z0|<

155

Sa

156

w}

Sb

170

®|0|0|IZ|0(<|m

®|0|> | X(<|m

Ca1

185

189

Sb, RBS

193

Sb, RBS

204

Ca1

209

216

AR T|T|X|O

224

RBS

230

234

—|T

252

264

270

310

R

R

311

XA [P O|X|<|<|HHA|M®|O0|®O|D|Z|®O|—|>|0O|<|X|T|Z|(>|X| A/Ohio/24/2017

R

R

aadiff

13

14

Nlo|x[d|mn

Reference CVV in red, HI swine strains in purple, new variant detection in orange.
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Table 4. Amino acid substitutions between 1A.2 compared to the nearest human H1 vaccine
(A/Hawaii/70/2019) and the most similar vaccine (A/California/07/2009).

Relative to HI

annotations

Relative to most similar vaccine

site

annotations

35

Cb

61

Cb

71

73

74

84

85

97

104

109

120

Ca2

121

128

Ca2

137

Ca2

Sa

138

Sa

142

Ca2

Sa

168

170

Ca1

Ca1

176

183

186

190

Sb, RBS

187

RBS

195

Sb, RBS

189

Sb, RBS

205

190

Sb, RBS

216

195

Sb, RBS

224

RBS

203

234

205

235

216

239

224

RBS

260

234

261

235

270

239

273

256

274

260

276

261

285

270

298

273

302

274

311

276

314

—|X|X|—=|>|Z|O|T|4|{>|Z|xX|m|<|m|—=|T|>|0n|>|0|r|O|O|X|T|o|v|n|H|n|0|O|n|w|n|>|n|—|O| A/California/07/2009

283

aadiff

SIZ|z|m|<|o|H|z|o|x|o|o|4|o|—=|>|>|x|m|d|4|T|—|x|zZ|Z|<|n|4|Z|>|r|T|Z|v|Z|m|B|7"|—|Z| A/swine/Quebec/N-2020-3-24/2020

285

295

298

302

311

314

321

<|-|X|X|=|<|>|m|Z|o|T|H|>|O|d|x|m|<|m|H|1|H|>|nm|[>|>|—|r|e|O|4H|O|Z|X|T|v|o|n|n|d|n|D|wn|n|>|n|—|O| A/Hawaii/70/2019

aadiff

('%—§ZI‘I‘I<—(DX—|ZOX(DG))>—|U—)>)>X(DI'I'I—|OU—!(D—XZ(DX(DZ-<(DZ—|Z)>I_I'U'U;U'I'II_Z A/swine/Quebec/N-2020-3-24/2020

Reference vaccine strain in gray, HI swine strains in purple.
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Table 5. Amino acid substitutions between representative swine 1A.3.3.2 clade strains compared to

a human seasonal H1 vaccine strain (A/Idaho/07/2018) used in HI assays and recent human
variants.

AN AN
S S
S| S S| g &
AR SIE|y|ylS
s| 8lo|lols s|8|2|g]| 2
Is) ~ | Yy © © N I I ©
<t AN -— <t ™ <t AN ~— <t (a2]
S|l el o 4|2 Sl el 9|q |2
Bl S| 0| | < B <] o|a| <
N © <t Ye] = N © <t wn =,
=S| 38|88 | S| 52|88
S < © N N g S < ®© N N g
I I = e = = Sl g2l s> > 5
s1&12|212|¢ s|&2]21E|¢
o [} [} [} [} [} o [} [} [} [} [}
< £ £ £ £ £ < £ £ £ £ £
Sl =|=2]=|z= S|zl =|5|z]|-¢=
= | 2|22 2|2 = | 2|2 2|22
site < < < < < < annotations site < < < < < < annotations
15| T N 164 | T S S S S Sa
19 | V | | 166 | A V Ca1
25 | T S 168 | D N
43 | K Q| Q 170 | G E Ca1
47 | V | 173 | V | | |
51| H N Q 176 | L Vv V
69 | S P P 185 | T N N A N |
70 | L T | Cb 186 | A N D D T
74 | R G| G S Cb 187 | D S S S S RBS
82 | T A A 189 | Q Y Sb, RBS
83| S 190 | S Wi lw | W Sb, RBS
84 | N S S S 194 | N D D RBS
85| S P P P 195 | A G Sb, RBS
94 | D N 196 | D N N
97 | N D D 205 | R K K K K
104 | Q H H 209 | K M
113 | R K 216 | T K R R |
119 | K N N 222 | D N N Ca2, RBS
120 | T A A 224 | E D RBS
125 | N D Sa 250 | V A Al M
126 | H N 256 | T A A A A
127 | D K 260 | N H
128 | S L 261 | A T T Vv
129 | N S S K 270 | T A A A
130 | K E 272 | V | | |
132 | V K RBS 274 | D N N N
135 | A S RBS 283 | E K K K K
137 | P S S Ca2 295 | V | | | |
139 | A N N N 302 | K R Q| Q
141 | A 308 | K R R
142 | K N N S Ca2 311 K R
152 | V | | 321 | V T T D
154 | K E 324 | V
155 | G E E K Sa aa
156 | N D Sb diff 3 7 |41 |44 | 38 |27 | 9
12; i ; ga Reference vaccine strain in gray, HI strains in
a . . .
162 T N S Sa purple, new variants detection in orange.
163 | Q | | | Sa
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Table 6a. Amino acid substitutions between a 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 annotations
22
48
68
72
82
83
120
125
169
194
204
205
222
228
235
269
278
283
295
aadiff 19

Reference CVV in red, HI swine strain in purple.

Sa

RBS
Cai1

Ca2, RBS

<|»|—|®O|>|»|O|X|T|IT|X|X|Z|1|Z||T|>|78| Alswine/lowa/A02750752/2022

—|Z|4mim|Z|®|B|n|Z|H;|Z||n|H|4|m|{Xx|X| A/Ohio/09/2015




Table 6b. Amino acid substitutions between 1A.3.3.3-clade 3 compared to the nearest available
human H1 CVV in HI (A/Ohio/09/2015) and the most similar CVV (A/Wisconsin/03/2021).

Relative to HI Relative to most similar CVV
o AN
S| 5| =
(e} N S o
o | v F | =
< | - 3N
le} N < —
NE RS |~
8|8 SR
@< - || Z
5|3 3153
° ° o o o
o o Is2) n n
21 8| 3 |l g| ¢
Q| E| E < £| £
|22 AL
kS 2 2 o | £ | &
S| 21|32 S| 3|3
| =2 | = : < | < | < .
site < | < | < annotations site annotations
2| K T T 35| T N N
31 1 L L 45| K| R | R
36| K|]R[R 56 | N S
48 | X A A 741 S R | Cb
56 | N S 83| S| P
71 A[s|s]cb 84 | N K
74 | S R | Cb 120 | T | A
83| S P 127 | E D D
84| S N K 129 | D N N
86 | N E E 130 | K R
113 | K R R 137 | P S Ca2
120 | T A 142 | R N N | Ca2
161 | V |
127 | E D D
130 | K | R 163 | T | K| K | Sa
137 | P S Ca2 168 | N D
146 | K| R|R 1?? ﬁ R .
149 | V V
B3| Kl Q| Qlsb 189 | R | Q| Q | Sb,RBS
155 | E G G | Sa 195 | E A A | Sb, RBS
161 I vV 205 | R K K
163 | K K | sa 224 | S A A | RBS
166 | T | I | I |Cat 252 | R I
168 | N D 262 | G E
169 | R K 270 | A | T | T
170 G | E | E | Cat 278 | T A
171 K R 295 | \V
RN e ts 17
186 | T | A | A <= i | s
193 | Q [ K | K [ Sb,RBS 2ed
196 | N | D | D
197 | S A A
26| R| K | K
222 | G D D | Ca2, RBS
250 | V| A | A
252 | R |
262 | G E
269| E| D | D
271 P S S
278 | T A
295 | | vV
302 | E K
326 | S T
aadiff 31 | 37

Reference CVV in red, HI swine strains in purple.



Table 7. Amino acid substitutions between 1A.4 compared to the human H1 vaccine
(A/Hawaii/70/2019) used in USA HI assays and the most similar vaccine (A/California/07/2009).

Relative to Hl Relative to most similar vaccine
D (e}
S S
& &
3 3
- D -
o | S 213
S| < S
S| g S|¢
S e £ e
S| g 2] 8
site < | < | annotations site < | < | annotations
35| D | E 35| D E
40| K | R 40| K | R
71| S F | Cb 711 S F | Cb
73| A| T |Cb 73| A | T |Cb
74| R| S | Cb 84| S N
119 | K | N 97 | D | N
120 T | A 119 | K | N
126 | H| Y 120 T | A
127 | D | E 126 | H Y
128 S | T 127 | D E
129 | D | S 128 | S T
130 | K | R 129 | N S
138| H| Y 130 | K | R
142 | K | N | Ca2 138 | H Y
146 | K | R 142 | K | N | Ca2
149 | | L 146 | K | R
162 | N | S | Sa 149 | | L
163 | Q | K | Sa 168 | D | N
164 | T | S | Sa 170 | G E | Ca1
168 | D | N 186 | A | T
170 | G | E | Ca1 205| R | K
183 | P | S 216 | | T
185 | | S 224 | E | A | RBS
186 | A | T 239 | K | T
187 | A | D | RBS 258 | E K
189 | E | Q | Sb,RBS 260 | N | G
203| T | S 261 | A | S
206| R | K 2711 | P S
224 | E | A | RBS 278 | T N
239 | K| T 298 | | \
256 | T | A 302 | K E
258 | E | K 310 | T K
260 | D | G 314 | L M
261 | A | S 321 | V |
271 | P | S aadiff 34
278 | T | N
283 | E | K
295 | V I
298 | | v
302 | K| E
310 | T | K
314 | L | M
321 | V I
aadiff 43

Reference human seasonal vaccine in gray, HI swine strain in purple.



04 H

0D 0w S
<D T GTNHNIZDN T

NDD-——oz==0n
' P Z oS
EETIING 2ZN

7
7
7
Carolina/A027
vani
H1N

Y

/swine/Penns

|A/swine/South_Dakota
/Ohio/35/201

bliclAVIA/swine/lowa/A02750
bliclAVIA/swine/Missouri/A027
bliclAVIA/swine/Missouri/A02750
bliclAVIA/swine/North_Carolina/A02
'IL\A/swine/Iowa/A027.5
A

IAVIA/swine/lowa/A02
IAVIA/swine/lowa/A02
bliclAVIA/swine/North

IAVIA/swine/lowa/A02
bliclAVIA/swine/North_Carolina/A027

bliclAVIA/swine/Ohjo/A02751037/20
bliclAVIA/swine/Indiana/A02751259/:

bliclAVIA/swine/lowa/A02750

u

ubliclAVIA/swine/lowa/A02750
u

ubliclAVIA/swine/lowa/A027
ubliclAVIA/swine/lowa/A02750
bliclAVIA/swine/Minnesota/AQ

blic
c

u
gublg
pu
p
p
u
p
pu
pu
pu
p
pu
pu
pu
pu
pu
pu

p
CVVllab-23-alA/Michigan/383/2018/H1N2IHumanlUSAI1B.2.112018-07-31 *

F=

H 0

<

<

o o

, © :

0 T o~

o

©Om— © od S
~NS— 1 T O I

ANQN === —

aifqjal NNNNTOGTS
s DalaaN<<T o=
VBB = (BN
e ONNNS M So

A
D250 <<= 2Ty
3030 SODBNE NSO
££22 $22022250-0
5233 Hooood-coIdN
NDAh —cccciZN=C-—
Son O5555725 5N
2Z2Z ZODPHDSTI{PRai

0259 NxanaPBNNND
NN

QNN SanANLWONDD
SO ©ooooYoaos Tt
oNHO OANNNNN—SANS 5
ROLK —SSegSPLwosI
SONS FOBROARLNTE
LOI[O ~NOOODONOT 25
RNIOR NOSORIo=NET
NANN OonTmTO=ZWLT E—
OOMO ZOLOWLO OSSN Sal
<2< SRR S sais 52
LIS gy ogoNS—
FTF8 goo00= QIOST
§5EC 5I<I<a5<5E
MHGMAMaaNaMnnamm
il CEEEEHILE N
£=£< XD000005TOHN
= = O
8933 9357 0% oL o<
SESENBCecERERETR
EES20E553505c3 00
22020120050q00303 3
LI I 22082
>2>2 5555555 <>0w<
<< MMMAMVMVMW&
2262030000 8L o
2855 Zepasterecy
Qogpa prppwpwpma
a o W.H

>

>

O

80)
=12)
~2)
=s)
1)

1)

Previous seasonal H1N1 vaccine

1B.2.2.2 (n

# Hl tested viruses
H1 1B swine genetic
1B.2.1 (n
@5B221(n

1B human-like lineage
* H1v candidate vaccine virus
B A/Brisbane/59/2007
clades

A Consensus sequence

@B1.1(n

@B121(n
@®1B122(n

(=2
Y
oo
<
Yo
o
S
Yo
~®o ooy
oM aNF o
T ! ox~—
NoT oaN-o
o o=t N
el o7 V=

— 0%
QN TTNpTOO
Y56 =For-2%A
MmO Ta—I 93
Vo~ 20%WH4n
wo.. QASTTS s
moe NS0=00—
o=o0 777/ T
= o0z 2c
<=0 T-o~c35
I3E —TRega
SCE Le>E=50
cos5 cSounlcc
© ez eet/Mni
EED HOS<PW=
00 I=0gr-of
oom £ESacz
OSed535 452
S eAl.nls INE-E o)
CeE oL SO
Www Sa<TESN
P22 =F>=0EQ
LNV EICES G ®
I 25T o0
=Ee> MWmvam
ECLNZor L35
o>5—2F5320%
SToTZL3=0%>
T 5=, <= oE or
SE253> © =
== 2 < =
toacr<> S
° .2

=9

=F]

22

18

0.02

Figure 8. Swine H1 HA genes of the 1B lineage (tree was proportionally down sampled to 59 swine
HA genes, excluding references). Number of detections of each clade from data deposited between

July 1 - December 31, 2022 are presented adjacent to the clade name in the figure key.



Antigenic analysis: Swine 1B Lineage
Table 8. USA Data: Hemagglutination inhibition of CVV vaccine ferret antisera

) ; X « >8fol ti
against contemporary swine 1B lineage strains selected to represent clade Sellcelieton

consensus.
o ©
* H*
N N
o o
N N
< 2] 2]
8 3 3
) & &
- Ll R 5| s
2 s | 2|z
(=) < < 5 c
o =) =) 1<% 9
@ © £ £ @ @
sl s | s|§8|=]¢
sl s | £|2|2]|3
2 (] = = T —
5 s | 2| £ s s
s o 2 2 S S
Stotal S| 2|22z
Clade US Clade
A/Michigan/383/2018 RG58A 1B.2.1 delta-2 80
Al/swine/lowa/A02635863/2021 1B.2.1 delta-2
Allowa/32/2016 delta-1a
A/swine/Wyoming/A02525343/2021** 1B.2.2.1 delta-1a
Alswine/lowa/A02524534/2020* 1B.2.2.2 delta-1b

Reference CVV in red, new swine strains in bold. Homologous titers highlighted grey. *Previously
tested in report 2021a; **Previously tested in report 2022b. Human sera were collected in USA with
high or low responder relative to A/Hawaii/70/2019, pools of 2 male and 2 female adults in each.

e The contemporary swine 1B.2.1 (delta-2) had no loss of titer to the within-clade CVV
A/Michigan/383/2018 but limited titers in adult human sera.

e The 1B.2.2.1 A/swine/Wyoming/A02525343/2021 had a >8-fold reduction from the within clade
CVV Al/lowa/32/2016 and limited titers in adult human sera.

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 and limited titers in
adult human sera.
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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 RG58

w3
=]
2
)
<
Q
Global Clade <
A/Michigan/383/2018 RG58A* 1B.2.1 d2 160 1280
A/Chile/1/1983* H1 seasonal 160 1280
Al/swine/England/208046/2018* 1B.1.1 ND
Alswine/ltaly/118638/2021* 1B.1.2.2 20
A/swine/ltaly/185280/2020* 1B.1.2.2 ND

> 8 fold reduction

Reference CVV in red, seasonal vaccine strains in dark red, new swine strains in bold. Homologous
titers highlighted in gray. ND=not done. *Previously tested in report 2022b

e There are no within-clade CVVs for 1B lineages from Europe.

e The swine 1B.1.1 had significant loss in cross-reactivity with A/Chile/1/1983.

e The contemporary swine 1B.1.2.2 had significant decrease in cross reactivity against both
the 1B.2.1 d2 CVV and against the human seasonal reference strain.
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Table 10. Amino acid substitutions between a representative swine 1B.2.1 strain compared to the
within-clade CVV (A/Michigan/383/2018 RG58A) and recent human variants.

N
&
™
&
© | @
818
™
5|2
S| £
S| 2
site < | < annotations
36| S R|R|R
71| N T T T T | Cb
102 | R K
113 | K R|R|R
149 | L V
169 | E K K| K
170 | G E Ca1
173 | V I
199 | V I I I
205 | H Y| Y]|Y
215 | A V| V]|V
224 | E G| G| G |RBS
260 S | G
261 | F S
276 | N D D| D
aadiff 6 |10 9 9

Reference CVV strain in red, HI swine strain in purple, new variant detections in orange.



Table 11. Amino acid substitutions between a representative swine 1B.2.2.1 strain compared to the

most similar CVV (A/lowa/32/2016 1B.2.2.1).

site

annotations

19

72

74

Cb

96

106

130

132

RBS

157

Sa

168

175

208

215

222

Ca2, RBS

241

287

310

| Z|—|0O|H|B|—|M~|X|H|®0H|X |0~ Allowa/32/2016

aadiff

| |-|<|Z[>|X|<|O|B|H|0|Z|> M| T|<| A/swine/Wyoming/A02525343/2021

Reference CVV strain in red, HI swine strain in purple.
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Table 12. Amino acid substitutions between a representative swine 1B.2.2.2 strain compared to the

most similar human strain (A/Michigan/2/2003).

site

annotations

2

50

69

74

Cb

94

129

132

RBS

141

142

Ca2

149

153

Sb

162

Sa

166

Cai1

176

184

186

187

RBS

193

Sb, RBS

194

RBS

202

208

222

Ca2, RBS

228

236

249

256

261

271

273

274

277

314

£|» mMO|7|M|>|—|T|Z|0|D|<|H|IT|0|0|Z|r|>|—|0|— || X|<|<|<|m|r |~ = A/Michigan/2/2003

=X Z|0|r |1 |I<[>|X|Z|M|>| XD Z|M|O|—|X|n|m|<|®O|m|X|H|O|X|0|—|Z| Al/swine/lowa/A02524534/2020

aadiff

32

Reference human seasonal vaccine in gray, HI swine strain in purple.
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Table 13. 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.

site

A/swine/ltaly/185280/2020|1B.1.2.2

A/swine/ltaly/118638/2021|1B.1.2.2

annotations

site

A/swine/ltaly/118638/2021|1B.1.2.2

annotations

19

185

< A/swine/ltaly/185280/2020|1B.1.2.2

35

187

RBS

36

w|Z

189

Sb, RBS

44

<||Z|—| A/swine/England/208046/2018|1B.1.1

190

Sb, RBS

47

196

> B|Z|=| Alswine/England/208046/2018|1B.1.1

54

<

202

—(-|>|0

70

Cb

205

OIZ|H|>|=R

71

Cb

208

73

Py w

Cb

209

PE

82

211

>

85

215

89

>0

—|0

220

RBS

94

222

Ca2, RBS

96

n I >>r

235

109

>n

237

Ca1

111

238

116

S| |»

241

124

Sa

248

127

wn|n

249

128

—|n

258

pd

129

261

130

262

132

RBS

267

134

RBS

268

—|—|=o|

135

w| >

(IR PP

RBS

270

137

Ca2

276

zZ< <|m

138

277

139

O|X|T|» |

pd

278

m|—

141

283

142

Ca2

288

146

_|

—|0|DO|X

295

155

Sa

298

—|—|z|7|—=

157

Sa

299

161

— | |O|X

307

162

Sa

308

163

Sa

310

K
A

164

Iz

Sa

311

166

Cai1

313

K

K

168

o= 4

315

<|AX|H|D|<|H|IL|<L| 0 [O|X[>|0>|»n|H|® M| n|—|r|—|O|®|m|Z|<|>|H|RB|B|I|<|Z|H|X|O|—| A/Chile/1/1983

A

A

170

Ca1

aadiff

43

49

44

171

Py

X0 (4

176

181

184

Z|IT|Ir | XM Z|I<|0|X|0| (0| Z|D| 0| X X|T|0 (> |2 |<|X|H[<|Z|T|—|T|0|>|<|H|n|d|X|T|r|X|—||Z|0|<| A/Chile/1/1983

Reference CVV strain in red, HI swine strain

in purple.
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1C Eurasian avian lineage

* H1v candidate vaccine virus

# Hi tested viruses

A Consensus sequence

H1 1C swine
genetic clades

@ c2.2(n=29)
® c26(n=1v)

1C.2.3 (n=5)
® 1c25(n=3)

1C.2.1 (n=6)
1C.2.4 (n=19)

0.03

publiclAVIA/swine/Belgium/Gent-118/2021IH1N1ISwinelBELI1C.2.212021-08-31
offlu-vemlA/swine/Germany/Al00326/2022IH1N1I1SwinelDEUI1C.2.212022-04-05

g . -09-30
offlu-vemlA/swine/Germany/Al01090/2022IH1N11SwinelDEUI1C.2.212022-01-28
offlu-vemlA/swine/Germany/Al07475/20211H1N11SwinelDEUI1C.2.212021-01-18
offlu-vemlA/swine/Germany/Al01091/2022IH1N1I1SwinelDEUI1C.2.212022-05-12

offlu-vemlA/swine/Germany/Al07498/2021IH1N1I1SwinelDEUI1C.2.212021-08-16
offlu-vemlA/swine/Germany/Al107488/20211H1N11SwinelDEUI1C.2.212021-04-12

offlu-vemlA/swine/ltaly/268966-1/2022IH1N1ISwinellITAI1C.2.212022-08-22
offlu-vemlA/swine/ltaly/140748/2022IH1N11SwinelITAI1C.2.212022-04-28
offlu-vemlIA/swine/ltaly/128849-4/2022IH1N1ISwinelITAI1C.2.212022-04-15
offlu-vemlA/swine/Italy/25675/2022IH1N1ISwinelITAI1C.2.212022-01-24 #

offlu-vemlA/swine/Germany/A104322/2022IH1N1I1SwinelDEUI1C.2.212022-08-25
offlu-vemlA/swine/Germany/Al05247/2022IH1N1ISwinelDEUI1C.2.212022-09-25
publiclAVIA/swine/Belgium/Gent-167/2021IH1N1ISwinelBELI1C.2.212021-11-30
offlu-vemlA/swine/Germany/Al02064/2022IH1N1ISwinelDEUI1C.2.212022-01-21
offlu-vemlA/swine/Germany/A100363/2022IH1N2ISwinelDEUI1C.2.212022-01-31
offlu-vemlA/swine/Germany/Al04737/2022IH1N1ISwinelDEUI1C.2.2|12022-08-12
o offlu-vemlA/swine/Germany/Al02969/2022IH1N1ISwinelDEUI1 (*2&022-03—31

offlu-vemlA/swine/Germany/Al00988/2022IH1N1ISwinelDEUI1C.2.212022-01-25
|! offlu-vemlA/swine/Germany/Al07440/2021IH1N1ISwinelDEUI1C.2.212021-08-05

CVVllab-22-alA/Hessen/47/2020I/H1IHumanIDEUI1C.2.212020
offlu-vemlA/swine/Germany/Al03311/2022IH1N1ISwinelDEUI1C.2.212022-11-26
| offlu-vemlA/swine/Germany/A100355/2022IH1N1ISwinelDEUI1C.2.212022-02-25

offlu-vemlA/swine/Germany/A100354/2022IH1N11SwinelDEUI1C.2.212022-02-04
offlu-vemlA/swine/Germany/Al102966/2022IH1N1ISwinelDEUI1C.2.212022-06-02
offlu-vemlA/swine/Germany/Al01338/2022IH1N1I1SwinelDEUI1C.2.212022-05-28
offlu-vemlA/swine/Germany/Al1351/2022IH1N1ISwinelDEUI1C.2.212022-02-27
offlu-vemlA/swine/Germany/Al03162/2022IH1N2ISwinelDEUI1C.2.2|12022-07-18
SwReferencelA/swine/ltaly/236825/2019IH1N2ISwinelESPI1C.2.612019-07-08 #
SwReferencelA/swine/ltaly/364184/2019IH1N2ISwinelESPI1C.2.612019-10-23

SwReferencelA/swine/Spain/37900/20191H1N1I1SwinelESPI1C.2.612019-03-15
SwReferencelA/swine/Spain/50840/2019IH1N1ISwinelESPI1C.2.612019-06-28

publiclAVIA/swine/South_Korea/T673/2022IH1N1I1SwinelKORI1C.2.312022-01-27

CVVllab-22-alA/Hunan/42443/2015/H1N1IHumanICHNI1C.2.312015-07-02 (g
publiclAVIA/swine/South_Korea/1T8863/2021IH1N2ISwinelKORI1C.2.3I2 -11-17
publiclAVIA/swine/South_Korea/S7328/2021IH1N2ISwinelKORI1C.2.312021-09-29

publiclAVIA/swine/South_Korea/NS18/2021I1H1N2ISwinelKORI1C.2.312021-01-04
publiclAVIA/swine/South_Korea/KBUS/2021IH1N2ISwinelKORI1C.2.312021-06-29

publiclAVIA/swine/ltaly/91681-27/2022IH1N1ISwinelITAI1C.2.512022-03
offlu-vemlA/swine/ltaly/8100/2022IH1N1ISwinelITAI1C.2.512022-01-11 #
publiclAVIA/swine/Denmark/S22282-5/2021IH1N2ISwinelDNKI1C.2.512021-07-17

publiclAVIA/swine/ltaly/49701-24/2022IH1N1ISwinelITAI1C.2.112022-02
offlu-vemlA/swine/ltaly/133898-3/2022IH1N1ISwinelITAI1C.2.112022-04-20 #

offlu-vemlA/swine/ltaly/102648-1/2022IH1N1ISwinellITAI1C.2.112022-03-24
offlu-vemlA/swine/ltaly/184196-5/2022IH1N1I1SwinelITAI1C.2.112022-06-03
offlu-vemlA/swine/ltaly/24394-3/2022IH1N1ISwinelITAI1C.2.112022-01-21
CVVllab-22-alA/Netherlands/3315/2016/H1IHumanINLDI1C.2.112016-11-04 *
CVVilab-22-alA/Netherlands/10370-1b/2020IH1N1IHumanINLDI1C.2.112020-09-10

offlu-vemlA/swine/Germany/A105981/2021IH1N1ISwinelDEUI1C.2.112021-12-29
offlu-vemlA/swine/Germany/A102265/2022I1H1N2|SwinelDEUI1C.2.412022-02-17
offlu-vemlA/swine/Germany/A102262/2022IH1N2ISwinelDEUI1C.2.412022-04-19
offlu-vemlA/swine/Germany/Al01629/2022IH1N2ISwinelDEUI1C.2.412022-04-26
offlu-vemlA/swine/Germany/Al05596/2021IH1N1I1SwinelDEUI1C.2.412022-04-09
offlu-vemlA/swine/Germany/Al02395/2022IH1N2ISwinelDEUI1C.2.412022-05-19
CVVllab-22-alA/Bretagne/24241/2021IH1N2IHumanlFRAI1C.2.4/12021-08-18
offlu-vemlA/swine/ltaly/234960/2022IH1N2ISwinelITAI1C.2.412022-07-19
offlu-vemlA/swine/Germany/Al04411/2022IH1N2ISwinelDEUI1C.2.412022-08-31
offlu-vemlA/swine/Germany/Al03650/2022IH1N2ISwinelDEUI1C.2.412022-07-19
offlu-vemlA/swine/Germany/Al03649/2022IH1N2ISwinelDEUI1C.2.412022-07-27
publiclAVIA/swine/ltaly/49701-6/2022IH1N2ISwinelITAI1C.2.412022-02
offlu-vemlA/swine/Germany/Al04462/2022IH1N2ISwinelDEUI1C.2.412022-12-26

offlu-vemlA/swine/Germany/Al00344/2022IH1N2ISwinelDEUI1C.2.412022-05-18
offlu-vemlA/swine/Germany/Al05072/20211H1N2ISwinelDEUI1C.2.412021-05-23
offlu-vemlA/swine/Germany/Al03758/2022IH1N2ISwinelDEUI1C.2.412022-10-12 #
offlu-vemlA/swine/Germany/A100322/2022IH1N2ISwinelDEUI1C.2.412022-01-02

offlu-vemlA/swine/Germany/Al00342/2022IH1N2ISwinelDEUI1C.2.412022-04-22
offlu-vemlA/swine/ltaly/119919-3/2022IH1N2ISwinelITAI1C.2.412022-04-06 #
offlu-vemlA/swine/Germany/Al102393/2022IH1N2ISwinelDEUI1C.2.412022-04-04
offlu-vemlA/swine/Germany/Al08777/2021IH1N2ISwinelDEUI1C.2.412021-03-25

SwReferencelA/swine/Arnsberg/6554/1979IH1N1ISwinelDEUI1C.111979

Figure 9. Swine H1 HA genes of the 1C lineage. Number of detections of each clade from data

deposited between July 1 - December 31, 2022 are presented adjacent to the clade name in the

figure key.
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Antigenic analysis: Swine 1C Lineage

Table 14. UK & EU Data: Hemagglutination inhibition of CVV vaccine ferret * > 8 fold reduction
antisera against contemporary swine 1C lineage strains selected to represent

clade consensus.

A/Netherlands/3315/2016 CVV
A/Netherlands/10370-1b/2020 CVV
A/Hessen/47/2020-like CVV
A/Hunan/42443/2015 CNIC-1601 CVV
A/Bretagne/24241/2021 CVV

Global

Clade
A/Netherlands/3315/2016 CVV 1C.2.1 ND ND ND ND ND
A/Netherlands/10370-1b/2020 CVV 1C.2.1 320 640 ‘
Alswine/ltaly/133898-3/2022|H1N1 1C.21 640 640 ‘
A/Hessen/47/2020-like CVV 1C.2.2 640 640 ‘
A/swine/ltaly/25675/2022 1C.2.2 160 320 ‘
A/Netherlands/11748/2022 1C.2.2 ND

A/Hunan/42443/2015 CNIC-1601 CVV 1C.2.3

A/Bretagne/24241/2021 CVV 1C.24

A/swine/ltaly/49701-6/2022|H1N2 1C.24

H OB

A/swinel/ltaly/234960/2022|H1N2 1C.24

A/swine/ltaly/119919-3/2022|H1N2 1C.24

A/swine/Germany/Al04411/2022 1C.24

A/swine/Germany/Al03758/2022 1C.24

A/swine/Germany/Al03649/2022 1C.24 n

A/swine/ltaly/8100/2022 1C.2.5 160

Al/swine/ltaly/236825/2019 1C.2.6 80 ‘
Al/swine/ltaly/364184/2019 1C.2.6 40

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

The 1C.2.1 swine strain retained reactivity to the within clade CVV.

The 1C.2.2 swine strain retained cross-reactivity with the within clade CVV.

The 1C.2.4 swine strains displayed >8-fold reduction to the within clade CVV.

The 1C.2.5 swine strain has no within clade CVV but reacted to the 1C.2.4 CVV.

The 1C.2.6 swine strains have no within clade CVV and had limited cross-reactivity to CVV
in other 1C clades.
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Table 15. Amino acid substitutions between a representative swine 1C.2.1 strain compared to the
within-clade CVV (A/Netherlands/3315/2016).

site annotations
20
48

71
89
120
141
155
175
215
227
321
326
aadiff 12

Reference CVV in red, HI swine strain in purple.

Cb

Sa

w|H|IZ|<|—|m|—m|>|—|>|Z| A/Netherlands/3315/2016
=== Z|<|Z|<|®|7|| 0| | Alswine/ltaly/133898-3/2022




Table 16. Amino acid substitutions between representative swine 1C.2.2 strains compared to the
within-clade CVV (A/Hessen/47/2020 CVV) and recent human variant.

site annotations
3
53
66
84
89
97
118
120
121
125
142
151
161
163
175
185
190
209
214
235
238
253
267
269 D
302 K| K
aadiff 19 | 19

Reference CVV in red, HI swine strains in purple, new variant detection in orange.

Z|O| || Alswine/ltaly/25675/2022

O|nnn|Zz

Sa
Ca2

X—I<|x|O

Sa

m|—|x|—

Sb, RBS

Z_

I mZ<|X|>|m

H
I
D

m|Z|Z|<|o|o|4|x|4|o|<|Z|r|—|Z|Z|4|>|v|o|4|o/m|X|—| A/Hessen/47/2020




Table 17. Amino acid substitutions between representative swine 1C.2.4 strains compared to the
within-clade CVV (A/Hunan/42443/2015).

purple.

J s o s o
S S S 8 & S
q O o o o S S B o o o S
[To) S| o N| N © w3 o N N| @
= 8 g g s s 2 sl 8 3 ] 8§ § s
Nl < & = @ o K N S| & <= 3 o =
‘EEEREE EEEEEE
& o) o) o) o) o) o) & o) o) o) o) o) o)
c £ £ £ £ £ £ c £ £ £ £ £ £
2| 3 3| 3 3 3 3 2| 3 3| 3 3 3 3
site R T T s e annotations site < < < L < <L) < annotations
5 V | | 1700 G E Ca1
31 N D D D 172 E K K
35 N T T T T T T 175 V |
46 G E 184 T N
48 | Al A | A Al A | A 185 D A Y Y Y Y
51 Q N N K 186 S R N
53 G E 189 Q L L Sb, RBS
56 S N N N N N N 190 T A A | A Sb, RBS
66| K E E E E E E 193 Q Y Sb, RBS
69 L \ 194 N S S RBS
700 L | Cb 196 H D
83 S P P 199 V |
84 N D D 2000 S L
86 K E D 2020 G A E A E \ \
89 A T T T T | | 203 S T T
94 E K 205 K N
96 A S S S 208 K R | R R| Q]| Q
102 K R R R 211 T K
104 Q L L L L 215 V A
1060 S G 216 A T T T T E D
107, T A 2200 V | | | | | | RBS
112 E K K 235 D T
116 | \ M \ 239 T N N
119 K E E G E 241 T A
121 T A 249 | \
124/ P S E K [Sa 2520 W R R K K
125 N E D Sa 253 H Y Y Y Y
127, D - E - E - - 256 A \
128 T E E 258 K S N S D D D
1300 R G G - K K 259 K M| M
1320 T A RBS 260 G S S
134, V A | G RBS 261 S L L
135 A S S S S RBS 262 S |
137 S Y Ca2 2660 M \ \ L
138 H R R 267 R K K K | K K
141 A G T T 269 D E
142 N S K R R P (Ca2 271 Q H H H H H
146 R Q| Q 283 H Q
149 L S S 288 G S S S
152 V T T L T T 2890 N D S
153 K G R Sb 2900 L R R R R
155 G E - - |Sa 298 V | | | | |
156 N S T I |Sb 311 Q K
161 L | | 324 | L
163 K R R Sa aa diff 42 | 32 | 39 | 37 | 47 | 48
168| N D|D D Reference CVV in red, HI swine strains in
169 K Q Q R
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Table 18. Amino acid substitutions between representative swine 1C.2.5 strain compared to Hl
tested CVVs (A/Bretagne/24241/2021 and A/Netherlands/3315/2016) and recent human variant.

=N S| o
8188 8188
S| 8|9 |8 |Q
51818 5188
3| 8|2 3|82
21§ |8 2| 5|8
62|32 62|32
site < | <] < annotations site <] << annotations
2T [ 166 | K| T 1 | T][Cat
51 [v]Vv]v 168 | N D
20| M L|L 169 | K R
35| T[N[N]|N 175 | V | 1
36| N S S S 183 | P S
44 | L M 184 [ T N
47 | K N[ R 185 | Y| D|[D|D
51 Q H 186 | S N
53| G R 190 | T A Sb, RBS
56| D[ N N 22| V]|G[G]|G
69 | L F 206 Q| K | R | R
71lv]ir]L]L]|cb 211 | T K
72T K 215 | V M
80 | | V 26 | P [A AT
82| T A 2199 | E | K | K| K [RBS
83| S P 220 1 [V ]V RBS
85| S P 21| R N | Ca2, RBS
| TIA[AT]l 222 | E N Ca2, RBS
94| E K 24| R A[A]A[RBS
w4l Lla[aQ]Q 27| M [
111 F L 237 | E[ G [ G| G |[cCat
120 - [E[R|T 245 | T N[N
121 N[ T[T]T 252 | R|[W[w]lw
125 S| N[ D | N |[Sa 253 | Y H
127 | E D 258 | E[ N | K| N
128 A T[T T 261 | S P
129 - [T [T1]T™ 262 | N S [s
130 - [ K[ K] K 266 | M |
132 T[S RBS 267 | KM 1 [T
134 | V S RBS 2711 | H [N
135 S | A A | RBS 273 | H Y
137 | S P | ca2 283 | H Y
138 | K|H[HJ[H 287 | K N
141 A1 T 288 | S N
142 | N [ K Ca2 20| D[ N[S|N
152 | T V][Vv]V 20 | R L[L|L
153 | S K| K K | Sb 295 | V I
155 | G | E Sa 310 | T K
156 | K | N[ N[ N[sSb 21| 1 [TV
157 P S[S]| S [sa 324 1 |V
159 S| P|[P|P|[sa aadiff 44 | 57 | 54
161 | L | | Reference CVVs in red, HI swine strain in
162 | S N Sa purple, new variant detection in orange.
163 K[ T Sa




Table 19. Amino acid substitutions between representative swine 1C.2.6 strains compared to HI
tested CVV (A/Netherlands/3315/2016) and recent human variant.

site annotations
20
47
51
53
71
72
80
83
89
120
122
127
130
132
137
141
142
155
161
163
168
175
199
208
211
216
220
221
235
245
253
261
262
266
267
269
271
273
283
295
321 | I
324 | I
aadiff 35 | 36

Reference CVV in red, HI swine strains in purple, new variant detection in orange.

—| A/swine/ltaly/236825/2019
—| A/swine/ltaly/364184/2019

Cb

—H|—|O|I<|X||B|IT|D|r

RBS
Ca2

Ca2
Sa

Z|Iri®Z|H|o|H|8|0|> > | — | 0|<|X|r|"|T
Z|Ir®Z|H|o|H|8|0O|> > | — | 0|<|X|r|"|T
w}

Sa

<|O|X|r|®|Z|H|0|d

RBS
Ca2, RBS

Z|—|H|x|

ZZn— XA —<
ZZn— XA —<

—|—|»|To|IT|Z

_|_

<|<|z
<|<|x|m|a|-

<|H<|T|T|Z|OIZ|IZ|Z|0|<|H|OF <[> X I<|—|Z|d|—|mM|X|— | |w|xXMnim> nl—|d—|OO|x|Z| A/Netherlands/3315/2016

2 o O




H3 swine lineage

* H3v candidate vaccine virus

B A/Darwin/6/2021

@ A/Cambodia/e826360/2020

Previous H3N2
seasonal vaccines

# HI tested viruses
A Consensus sequence

H3 swine genetic
clades

@ 320102 (n=7)

@ 3.2010.1 (n=92)

@ 3.1990.6 (n=1)

@ 3.1990.4.a (n=54)
3.1990.b (n=8)
3.1990.c
3.1990.4

(n=1)
(n=4)
@ 3.1970.1 (n=1)

0.03

el

publiclAVIA/swine/|

4/2022|H3N2ISwinelUSAI3.2

2
3.201

01

pubIicIAVIA/swine/lgana/A02750772/2022lH3N2ISwineIUSAI3.201 0.212022-08-05

lana/A02750948/2022IH3N2ISwinel USAI3.2010.212022-09-28
publiclAVlilab-23-alA/swine/Indiana/A02635878/2021IH3N2|SwinelUS
publiclAVIA/swine/Indiana/A0275070 S
publiclAVIA/swine/lowa/A02750740/2022IH3N2ISwinel USAI3.
publiclAVIA/swine/lllinois/A02750966/2022IH3N2ISwinelUSAI

2120
12022-07-26
.212022-10-05

publiclAVIA/swine/Missouri/A02751263/2022IH3N2ISwinelUSAI3.2010.112022-11-22

publiclAVIA/swine/Missouri/A02750913/2022|H3N2|
publiclAVIA/swine/lowa/A02751258/2022|H3N2ISwinel
publiclAVIA/swine/lowa/A02750965 N2|

publiclAVIA/swine/lowa/A02750686/2022IH
publiclAVilab-23-alA/swine/lowa/A02636:

Al3.2010.2]2021-05-27
0.212022-07-07

publicIAVIA/swine/Ohio/A02751021/2022IH3N2ISwineIUSAI3.2010.1I2022-10-1§
publiclAVIA/swine/lowa/A02751052/20221H3N2| Swinel USAI3.2010.112022-10-18
i 2ISwinel USAI3.2010.112022-09-21
USAI3.2010.1]2022-11-18
/2022|H3N2ISwinel USAI3:2010.112022-10-05
IH3N2ISwinelUSAI3.2010.112022-07-01
c 3 454/2022IH3N2ISwinelUSAI3.2010.112022-01-31 #
publlCIAVIA/SWlne/lcxa/A02750929/2022lH3N2ISW|neIUSA|3.2010.1I2022»09-21
0is/A02751241/2022IH3N2ISwinel USAI3.2010.112022-11-11

publiclAVIA/swine/lllin

CVVllab-23-alA/Ohio/13/2017IH3N2IHumanlUSAI3.2010.112017-07-14 *

u
CV\FIIa

publiclAVIA/swine/lowa/A02750825/2022IH3N2ISwinelUSAI3.2010.112022-08-24
publiclAVllab-23-alA/swine/Utah/A02524953/2020IH3N2|Swinel

b-22-bIA/Ohio/28/2016IH3N2ISwinel USAI3.2010.1

publiclAVIA/swine/lowa/A02750695/2022|H3N2|Swinel USAI3.2 6
publiclAVIA/swine/Texas/A02711871/2022IH3N2ISwinelUSAI3.2010.112022-09-08

USAI3.2010.112020-12-03

bliclAVIA/swine/Oklahoma/A027121 54/2022IH3N2||32\IV(;?8|USQI3.201 0.112022-09-21

.112022-07-0

offlu-veml|A/swine/Kagoshima/37-3410/2022IH3N2ISwinelJPNI3.1990.612022-06-21

publiclAVIA/swine/lllinois/F75061 /2022IH3N2ISwineIUSAI3.19910.3.al2022-08-

publiclAVIA/swine/North_Carolina/A027511 84/2022IH3N2ISwineIUSAIOther»Human-2020I282-1 1-07

08
publiclAVIA/swine/lowa/A02711854/2022|H3N2|SwinelUSAI3.1990.4.a12022-07-11
publiclAVIA/swine/lowa/A02751012/2022|H3N2ISwinelUSAI3.1990.4.al2022-10-12
publiclAVllab-23-alA/swine/North_Carolina/A02245294/2019IH3N2ISwinelUSAI3.1990.4.al2019-10-
publiclAVIA/swine/North_Carolina/A02750898/2022|H3N2|SwinelUSAI3.1990.4.al2022-09-15
publiclAVIA/swine/Penpsylvania/A02751232/2022IH3N2ISwinelUSAI3.1990.4.al2022-11-15
publiclAVIA/swine/lllinois/A02751170/2022IH3N2|SwinelUSAI3.1990.4.al2022-11-03
publiclAVIA/swine/lllinois/A02751114/2022|H3N2ISwinel USAI3.1990.4.al2022-10-27
publiclAVIA/swine/lllinojs/A02750774/2022|H3N2|Swinel USAI3.1990.4.al2022-08-11
publiclAVIA/swine/lllinois/A02750848/2022IH3N2ISwinelUSAI3.1990.4.al2022-08-30
publiclAVIA/swine/lowa/A02751105/2022|H3N2ISwinelUSAI3.1990.4.al2022-10-26
publiclAVIA/swine/lowa/A02750896/2022|H3N2ISwinelUSAI3.1990.4.al2022-09-15
publiclAVIA/swine/lowa/A02751269/2022|H3N2ISwine|lUSAI3.1990.4.al2022-11-21
publiclAVIA/swine/lowa/A02751203/2022|H3N2ISwinelUSAI3.1990.4.al2022-11-08
publiclAVIA/swine/lowa/A02750910/2022|H3N2ISwinelUSAI3.1990.4.al2022-09-21
publiclAVIA/swine/lllinois/A02750776/2022IH3N2I1Swinel USAI3.1990.4.a12022-08-16
publiclAVllab-23-alA/swine/lowa/A02750897/2022IH3N2ISwinelUSAI3.1990.4al2022-09-16 #
publiclAVIA/swine/lowa/A02750719/2022IH3N2ISwinelUSAI3.1990.4.al2022-07-16
publiclAVIA/swine/lowa/A02751001/2022IH3N2|SwinelUSAI3.1990.4.al2022-10-10
publiclAVIA/swine/Indiana/A02751202/2022|H3N2ISwinelUSAI3.1990.4.al2022-11-07
publiclAVIA/swine/lowa/A02750916/2022|H3N2ISwinelUSAI3.1990.4.al2022-09-23
publiclAVIA/swine/lowa/A02751051/2022|H3N2ISwinelUSAI3.1990. 022-10-18
publiclAVIA/swine/lowa/A02750861/2022|H3N2ISwinelUSAI3.1990. 22-09-01
publiclAVIA/swine/lowa/A02751181/2022|H3N2ISwinelUSAI3.1990.4. 22-11-03
publiclAVIA/swine/lowa/A02750712/2022IH3N2|SwinelUSAI3.1990.4.a12022-07-1
publiclAVIA/swine/Kansas/A02712156/2022|H3N2ISwinelUSAI3.1990.4.a12022-09-29
publiclAVIA/swine/lowa/A02750974/2022|H3N2ISwinel USAI3.1990.4.al2022-10-06
publiclAVIA/swine/lowa/A02751104/2022IH3N2ISwinelUSAI3.1990.4.al2022-10-27
publiclAVIA/swine/lowa/A02751004/2022I|H3N2ISwinelUSAI3.1990.4.a12022-10-12
publiclAVIA/swine/Nebraska/A02750817/2022IH3N2ISwinelUSAI3.1990.4.al2022-08-23
CVVllab-23-alA/Minnesota/11/2010IH3N2ISwinelUSAI3.1990.4.al2010
publiclAVllab-23-alA/swine/Kansas/A02750668/2022IH3N2ISwinfefUSAI3.1990.4.b112022-07-05 #
publiclAVIA/swine/Kansas/A02751115/20221H3N2ISwinelUSAI3.1990.4.b1/12022-10-28
publiclAVIA/swine/Nebraska/A02751253/2022IH3N2ISwinelUSAI3.1990.4.b112022-11-17
publiclAVIA/swine/Oklahoma/A02712158/20221H3N2ISwinelUSAI3.1990.4.b112022-09-30
ubliclAVIA/swine/Kansas/A02751267/2022IH3N2ISwinelUSAI3.1990.4.b112022-11-
offlu-vemlA/swine/QC/N144-11/2022I1H3N2|Swinel CANI3.1990.4.b212022-08-20
offlu-vemlA/swine/QC/N150-7/2022IH3N2ISwinelCANI3.1990.4.b212022-09-21
offlu-vem|A/swine/QC/N144-10/2022|H3N2ISwinelCANI3.1990.412022-08-18
offlu-vemlA/swine/QC/N164-3/2022IH3N2|SwinelCANI3.1990.4.¢l2022-11-08
publiclAVIA/swine/lowa/A02750912/2022IH3N2ISwinelUSAI3.1990.412022-09-21
publiclAVIA/swine/lowa/A02751094/2022IH3N2ISwinel USAI3.1990.412022-10-25
offlu-vemlA/swine/QC/N108-3/2022IH3N2ISwinel CANI3.1990.412022-06-13
offlu-vemlA/swine/ltaly/222094-1/2022IH3N2ISwinelITAI3.1970.112022-07-06 #
offlu-vemllab-22-alA/swine/ltaly/308955-3/2021IH3N2ISwinelITAI3.1970.112021-09-13

Figure 10. Swine H3 HA genes. Number of detections of each clade from data deposited between
July 1 - December 31, 2022 are presented adjacent to the clade name in the figure key. Clades
within the tree were proportionally down sampled to 64 swine HA genes (excluding references); tree
includes clade consensus sequences, and human vaccine strains.
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Antigenic analysis: Swine H3

Table 19. USA Data: Hemagglutination inhibition of CVV or human seasonal
vaccine ferret antisera against contemporary swine H3 strains selected to
represent clade consensus.

e > 8 fold reduction

A/swine/North Carolina/A02245294/2019 (H3N2) #32
A/swine/North Carolina/A02245294/2019 (H3N2)

rg-A/Cambodia/e826360/2020 (H3N2)-like #1
rg-A/Cambodia/e826360/2020 (H3N2)-like #25
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e 3|88
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o || 8|3 | | 8|38
S o|lo| 8|9 | =] 2|
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g < | <] 8|8 S| 8| ]2
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3 8| 2] 5| % I -
S olo| 2|8 S|l €| 28
: AEAEIE A K
£ 28 18| 5|5 S|o| 8|8
Global | = ¥lo|ol| 3|3 | 2| E|E
Clade < o o < << 2 2 T T
A/Minnesota/11/2010 x 203 1990.4.a § 640 | 80 | 160
A/swine/NorthCarolina/A02245294/2019%| 1990.4.a
A/swine/lowa/A02750897/2022 1990.4.a 160 | 80
A/swine/Kansas/A02750668/2022 1990.4.b1

ID40CDC-RG55C A/Ohio/28/2016-like

cWwW 2010.1 320 | 80
IDCDC-RG60A A/Ohio/13/2017 CVV 2010.1 320 | 80
A/swine/lowa/A02636454/2022* 2010.1 320 | 80
A/swine/Utah/A02524953/2020 2010.1 80

A/swine/lndiana/A02635878/2021

rg-A/Cambodia/e826360/2020-like 3C.2a1b.2a.1

rg-A/Darwin/6/2021-like 3C.2a1b.2a.2

A/HongKong/45/2019 3C.2a1b.1b

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. Human sera were collected in USA with high or low responder relative to A/Hong Kong/45/2019,
pools of 2 male and 2 female adults in each.

o The contemporary swine 1990.4.a demonstrated a >8-fold decrease from CVV
A/Minnesota/11/2010 x 203 but retained moderate reactivity with adult human sera.

e The contemporary swine 1990.4.b1 does not have a CVV contained within clade and
demonstrated a >8-fold decrease from CVV A/Minnesota/11/2010 x 203 but retained reactivity
with adult human sera.

e The contemporary swine 2010.1 representative strains had >8-fold loss to CVV IDCDC-RG55C
A/Ohio/28/2016-like and had 8-fold loss in cross-reactivity to CVV A/Ohio/13/2017, but 2010.1
retained reactivity with adult human sera.

o The contemporary swine 2010.2 representative strain does not have a CVV contained within
and demonstrated reduced titers to human vaccine strains and adult human sera.
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Table 20. 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

A/NVictoria/3/1975* Human seasonal

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

A/Sydney/5/97* Human seasonal

Alswine/ltaly/308955-3/2021*

Reference CVV in red, seasonal vaccine strains in dark red, new swine strains in bold. Homologous
titers highlighted in gray. *Previously tested in report 2022b

» The 1970.1 representative demonstrated reactivity with A/Victoria/3/1975, 4-fold decrease to the
2010.1 CVV, and 8-fold decrease to A/Sydney/5/97.
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Table 21. Amino acid substitutions between representative swine 1990.4 strains compared to the
within-clade CVV (A/Minnesota/11/2010 x 203).
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Table 22. Amino acid substitutions between representative swine 2010.1 strains compared to the
within-clade CVV (A/Ohio/13/2017) and recent human variants.
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Table 23. Amino acid substitutions between a representative 2010.2 strain compared to most similar

human seasonal vaccine (A/Stockholm/6/2014) and two human seasonal vaccines used in HI
assays (A/Cambodia/e0826360/2020 C.2a1b2a and A/Darwin/6/2021 C.2a1b.2a).

site
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Reference vaccine strains in gray, Hl swine strain in purple.
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Table 24. 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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Reference vaccines in gray, HI swine strain in
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Summary and Risk Assessment

Global Variant Cases:

During the reporting period (July 1 — December 31, 2022), 14 variant cases were reported and
included with the swine analyses:

e USA:H1N2v (1 1A.1.1.3; 1 1A.3.3.2; 3 1B.2.1;), H3N2v (5 2010.1)
e Brazil: HIN1v (1A.3.3.2)

e Netherlands: HIN2v (1 1C.2.2)*

e Spain: HIN1v (1 1C.2.6)*

e Taiwan: HIN2v (1 1C.2.5)*

An additional variant case was detected April 8 2022, and presented by China CDC that was not
described in prior OFFLU reports:

e China: H1IN1v (1 1C.2.3 — no sequence data)

Europe Swine:

* The contemporary swine 1A.3.3.2 (pdm) with onward transmission in European swine retained
variable cross-reactivity to A/California/7/2009.

+ There are no within-clade CVVs for 1B lineages from Europe. The swine 1B.1.1 had significant
loss in cross-reactivity with A/Chile/1/1983. The contemporary swine 1B.1.2.2 had significant
decrease in cross reactivity against both the 1B.2.1 d2 CVV and against the human seasonal
reference strain.

+ The 1C.2.1 swine strain retained reactivity to the within clade CVV. The 1C.2.2 swine strain
retained cross-reactivity with the within clade CVV. The 1C.2.4 swine strains displayed >8-fold
reduction to the within clade CVV. The 1C.2.5 swine strain has no within clade CVV but reacted
to the 1C.2.4 CVV. The 1C.2.6 swine strains have no within clade CVV and had limited cross-
reactivity to CVV in other 1C clades. Variants have been reported in each named H1 1C clade
(1C.2.1 — 1C.2.6); within-clade CVVs are available for 1C.2.1 - 1C.2.4. This report period
included variants in the 1C.2.5 and the newly identified 1C.2.6 clades; neither has a within-clade
CVV, but both are rarely detected in current surveillance activities.

» The representative swine H3.1970.1 demonstrated reactivity with A/Victoria/3/1975, 4-fold
decrease to the 2010.1 CVV, and 8-fold decrease to A/Sydney/5/97.

North America Swine:

e The contemporary swine 1A.1.1 (alpha-del) had >8-fold decrease from 1A.1.1 CVV
A/Ohio/24/2017 ferret anti-sera and had significant decreases in titer in human sera.

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

e The contemporary swine 1A.3.3.2 (pdm) with onward transmission in swine retained cross-
reactivity to A/Hawaii/70/2019-like 6B.1A.5a.1 vaccine strain and with adult human sera.

e 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 and 4- to 8-fold reduction in adult human sera. The
contemporary swine 1A.3.3.3 (gamma) clade 3 virus had an 8-fold decrease with the 1A.3.3.3-
clade 1 CVV A/Ohio/09/2015 but retained reactivity with adult human sera.

+ The swine 1A.4 (gamma-2-beta-like) virus had limited detection by any CVV or vaccine anti-sera
and 4- to 8-fold decrease with the adult human sera.

+ The contemporary swine 1B.2.1 (delta-2) had no loss of titer to the within-clade CVV
A/Michigan/383/2018 but limited titers in adult human sera.
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The 1B.2.2.1 A/swine/Wyoming/A02525343/2021 had a >8-fold reduction from the within clade
CVV Al/lowa/32/2016 and limited titers in adult human sera.

The contemporary swine 1B.2.2.2 (delta-1b) does not have a CVV contained within clade and
had a > 8-fold decrease from CVV Al/lowa/32/2016 and limited titers in adult human sera.

The contemporary swine 1990.4.a demonstrated a >8-fold decrease from CVV
A/Minnesota/11/2010 x 203 but retained moderate reactivity with adult human sera.

The contemporary swine 1990.4.b1 does not have a CVV contained within clade and
demonstrated a >8-fold decrease from CVV A/Minnesota/11/2010 x 203 but retained reactivity
with adult human sera.

The contemporary swine 2010.1 representative strains had >8-fold loss to CVV IDCDC-RG55C
A/Ohio/28/2016-like and had 8-fold loss in cross-reactivity to CVV A/Ohio/13/2017, but retained
reactivity with adult human sera.

The contemporary swine 2010.2 representative strain does not have a CVV contained within
and demonstrated reduced titers to human vaccine strains and adult human sera.
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Annex 1. Geographic Distribution of swine HA phylogenetic clades by country
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Figure A1. Summary of swine HA genes colored by phylogenetic clade for sequences deposited
July 2022 — December 2022 and truncated to those collected within the last 6 months (n=492).
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Figure A2. Summary of swine HA genes colored by phylogenetic clade for sequences deposited
December 2020 — December 2022 and truncated to those collected within the last 24 months (n=

568).
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Table A1a. Summary of swine H1 clades by country collected in the past 6 months and deposited

July 2022 — December 2022.

clade country count
1A.1.1.3 CAN 2
1A.2 CAN 1
1A.3.3.2 CAN 2
1A.3.3.2-EU DEU 2
1B.1.2.1 DEU 1
1C.2.2 DEU 5
1C.24 DEU 5
1B.1.1 GBR 1
1C.2.2 GBR 1
1A.3.3.2-EU ITA 1
1C.2.2 ITA 1
1C.24 ITA 1
1A.1.1.3 USA 60
1A.3.3.2 USA 26
1A.3.3.3-c1 USA 9
1A.3.3.3-c3 USA 109
1A4 USA 5
1B.2.1 USA 80
1B.2.2.1 USA 2
1B.2.2.2 USA 12
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Table A1b. Summary of swine H1 clades by country collected in the past 24 months and deposited

July 2022 — December 2022.

clade country count
1A.3.3.2-EU BEL 3
1B.1.2.1 BEL 3
1C.2.2 BEL 3
1A.1.1.3 CAN 2
1A.2 CAN 2
1A.3.3.2 CAN 2
1A.3.3.2-EU DEU 5
1B.1.2.1 DEU 2
1C.2.1 DEU 1
1C.2.2 DEU 21
1C.24 DEU 16
1A.3.3.2-EU DNK 6
1C.2.5 DNK 1
1B.1.1 GBR 1
1C.2.2 GBR 1
1A.3.3.2-EU ITA 4
1B.1.2.2 ITA 1
1C.2.1 ITA 5
1C.2.2 ITA 4
1C.24 ITA 3
1C.2.5 ITA 2
1A.3.3.2 JPN 1
1A.5.1 JPN 1
1A.3.3.2 KOR 1
1C.2.3 KOR 5
1A.3.3.2-EU NLD 1
1A.1.1.3 USA 60
1A.3.3.2 USA 26
1A.3.3.3-c1 USA 9
1A.3.3.3-c3 USA 109
1A4 USA 5
1B.2.1 USA 80
1B.2.2.1 USA 2
1B.2.2.2 USA 12
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Table A2a. Summary of swine H3 clades by country collected in the past 6 months and deposited

July 2022 — December 2022.

clade country count

1990.4 CAN 1
1990.4.b2 CAN 2
1990.4.c CAN 1
1970.1 ITA 1
1990.4 USA 2
1990.4.a USA 53
1990.4.b1 USA 5
1990.4a USA 1
2010.1 USA 92
2010.2 USA 7
Other-Human-2020 | USA 1

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

clade country count

1990.4 CAN 2
1990.4.b2 CAN 2
1990.4.c CAN 1
1970.1 ITA 1
1990.6 JPN 1
1990.4 USA 2
1990.4.a USA 53
1990.4.b1 USA 5
1990.4a USA 1
2010.1 USA 92
2010.2 USA 7
Other-Human-2020 | USA 1
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Annex 2. Phylogenies of swine HA lineages with tree backbone annotated by inferred
amino acid mutations.

Figure A3. A phylogeny of the 1A.3.3.3 clade displaying sequences deposited July 1, 2022 -
December 31, 2022 and collected in 2022 (n=121) and 10 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 HA1 region. The strains are colored in consistence with
Figure 7.
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Figure A4. A phylogeny of the 1A.3.3.2 (pdm) clade displaying n=38 sequences deposited July 1,
2022 - December 31, 2022 and collected in 2022, and n=24 reference genes. The clade is rooted
relative to the most recent human vaccine strain (A/Hawaii/70/2019) and all branches are annotated
by the respective amino acid mutations in the HA1 region. The strains are colored in consistence

with Figure 7.
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Figure A5. A phylogeny of the 1A.1.1.3 clade displaying n=64 sequences deposited July 1, 2022 -
December 31, 2022 and collected in 2022, and n=5 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.
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Figure A6. A phylogeny of the 1B.2.1 clade displaying n=81 sequences deposited July 1, 2022 -
December 31, 2022 and collected in 2022, and n=11 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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Figure A7. A phylogeny of the 1C.2.4 clade displaying n=17 sequences deposited July 1, 2022 -
December 31, 2022 and collected in 2022, and n=2 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 HA1 region. The strains are colored in consistence with Figure 9.

49



163K,D235N,E302

K53R,D127E,R130K,V1751,M267R,N289D)|

CVVllab-22-alA/Hessen/47/2020/H1IHumanIDEUI1C.2.212020

offlu-vemIA/swine/A102969/2022IH1N1IswinelDEUI1C.2.212022-03-31

V1521,G170R

Figure A8. A phylogeny of the 1C.2.2 clade displaying n=21 sequences deposited July 1, 2022 -

T82A,K205E

G170W,P297H

D97N,N235K

offlu-vemlA/swine/A104737/20221H1N1IswinelDEUI1C.2.212022-08-12

offlu-vemlA/swine/Al102064/2022IH1N1IswinelDEUI1C.2.212022-01-21

offlu-vemlA/swine/A100363/20221H1N2IswinelDEUI1C.2.212022-01-31

R53K,T2141,T7239S,A270V,R271Q,5288|

A216T
offlu-vemlA/swine/A105247/20221H1N1IswinelDEUI1C.2.212022-09-25

L20M,K53G;,161L,A120E,L1491,Q208R,N269S,V2721,H283R,$288G,K302E

T82A
offlu-vemlA/swine/A104322/2022IH1N1lswinelDEUI1C.2.212022-08-25

S261P
offlu-vemlA/swine/A100988/2022IH1N1IswinelDEUI1C.2.212022-01-25

offlu-vemlA/swine/A103311/2022IH1N1IswinelDEUI1C.2.212022-11-26

L20M,K53G,L57V,V801,N125D,Y206F,A216T,1227M,N235D,S262N,1265V,M278K,H283N,H311Q
offlu-vem|2022A11351IH1N1IswinelDEUI1C.2.212022-02-27

ID97N,H253Y,N289D

A48T K171R,S200T

[T2141,Y253H,N269D|

13L,K53R,D84N,D97N,N125D,D185E

D84N,D97N,S261P,M2671,1298V

A120T,1199V,H253Y,H273

S36N,N45D,K169R, T190A,T2411,T245N

offlu-vemlA/swine/A103162/20221H1N2IswinelDEUI1C.2.212022-07-18

offlu-vemlA/swine/A101338/2022IH1N1IswinelDEUI1C.2.212022-05-28

offlu-vemlA/swine/Al102966/2022IH1N1IswinelDEUI1C.2.212022-06-02

offlu-vemlA/swine/A100355/20221H1N1IswinelDEUI1C.2.212022-02-25

offlu-vemlA/swine/A100354/20221H1N1IswinelDEUI1C.2.212022-02-04

offlu-vemlA/swine/A101091/2022IH1N1IswinelDEUI1C.2.212022-05-12

M2671
L offlu-vemlA/swine/A101090/2022IH1N1IswinelDEUI1C.2.212022-01-28

S29T,S36N,R162K,T211K,S261P,R271H
offlu-vemlA/swine/England/117205/2022IH1N1IswinelGBRI1C.2.212022-09-30

T89I,N142K,1151V,T190A,R209K,1214V,D238E

L1611

T2451

N1958,V215]

P118S,V1751,M267!

E66D,A120S,T121S

125Y,A270T,5288G

offlu-vemlA/swine/A100326/2022IH1N1IswinelDEUI1C.2.212022-04-05

offlu-vemlA/swine/Italy/25675/2022IH1N1lswinelITAI1C.2.212022-01-24

offlu-vemlA/swine/ltaly/128849-4/2022IH1N1IswinelITAI1C.2.212022-04-15

K86E,V215G,S262N,S288G

offlu-vemlA/swine/Italy/140748/2022IH1N1IswinelITAI1C.2.212022-04-28

offlu-vemlA/swine/ltaly/268966-1/2022IH1N1IswinelITAI1C.2.212022-08-22

December 31, 2022 and collected in 2022, and n=3 reference genes. The clade is rooted relative to

the closest CVV (A/Hessen/47/2020) and all branches are annotated by the respective amino acid

mutations in the HA1 region. The strains are colored in consistence with Figure 9.
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Figure A9. A phylogeny of the 3.2010.1 clade displaying n=94 sequences deposited July 1, 2022 -
December 31, 2022 and collected in 2022, and n=11 reference genes. The clade is rooted 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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Figure A10. A phylogeny of the 3.1990.4.a clade displaying n=55 swine sequences deposited July
1, 2022 - December 31, 2022 and collected in 2022, and n=3 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 HA1 region. The strains are colored in

consistence with Figure 10.
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