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Swine influenza A viruses: Acknowledgements and Methods 
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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. 

  

https://github.com/flu-crew
https://github.com/flu-crew/parnas
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Global influenza A events in swine 
Epidemiology 
 

 

 
Figure 1. MicroReact map of swine IAV H1 HA genes colored by phylogenetic clade for sequences 
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. 

 

 

 
Figure 2. MicroReact map of swine IAV H1 HA genes colored by phylogenetic 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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Figure 3. MicroReact map of swine IAV H3 HA genes colored by phylogenetic clade for sequences 
collected and deposited to GISAID or GenBank between January1, 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. 

 

 

 

 
Figure 4. MicroReact map of swine IAV H3 HA genes colored by phylogenetic 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=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.  
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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.  



   

7 

 
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 IAV working 
group. 
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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). 

• 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.3.3.3 in 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.  

• 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. 

• 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. 

• 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:  

• 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: 

• USA: H1N2v (1 1A.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.   
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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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IDCDC-RG59 A/Ohio/24/2017 CVV 1A.1.1 alpha-del  640 320 160 <10 160 160 160 320 <10 20 20 

A/swine/Illinois/A02524514/2020* 1A.1.1 alpha-del  <10 2560 2560 <10 <10 <10 <10 10 <10 <10 <10 

rg-A/swine/Quebec/N2020-6-2/2020* 1A.2 beta <10 <10 10 nt 10 <10 10 20 40 40 20 

A/Wisconsin/588/2019 6B1.A-5A2 6B1.A-5a.2 H1N1pdm09 <10 10 20 640 80 80 80 80 20 20 20 

rg-A/Hawaii/70/2019 6B.1A.5a.1 H1N1pdm09 nt <10 <10 10 1280 1280 1280 2560 10 20 10 

A/swine/Iowa/A02524480/2020* 1A.3.3.2 H1N1pdm09 20 <10 10 80 1280 640 1280 2560 20 20 20 

A/Ohio/9/2015 CVV RG48A 1A.3.3.3 gamma.1  <10 <10 20 10 <10 10 40 20 640 40 20 

A/swine/Minnesota/A02245409/2020
* 

1A.3.3.3-c3 gamma.3 <10 <10 <10 nt 10 10 40 40 20 1280 640 

A/swine/Indiana/A02636365/2022 1A.3.3.3-c1 gamma.1 nt 10 10 10 <10 10 20 10 80 20 10 

A/swine/Minnesota/A02635908/2021
* 

1A.3.3.3-c3 gamma.3 <10 20 10 40 10 10 80 40 40 320 320 

A/swine/Kansas/A02636184/2021 1A.4 
gamma-2-
beta-like 

<10 10 10 20 10 10 20 40 20 40 20 

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. 
 

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

• > 8 fold reduction 

• 8 fold reduction 

• 4 fold reduction 
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Table 2. EU Data: Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera 
against contemporary swine 1A lineage strains. 
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A/Michigan/45/2015 
6B.1 
H1N1pdm09 
(1A.3.3.2) 

10240 20480 20480 20480 640 

A/Brisbane/02/2018 
6B.1A/183-P1 
H1N1pdm09 
(1A.3.3.2) 

2560 2560 10240 5120 1280 

A/Guangdong-Maonan/SWL1536/2019 1A.3.3.2 2560 5120 5120 20480 640 

A/Victoria/2570/2019 
6B1.A-5A2 
H1N1pdm09 
(1A.3.3.2) 

640 640 1280 1280 10240 

A/swine/Italy/241572/2020* 1A.3.3.2 80 80 20 160 40 

A/Swine/Germany/AR2279/2016 1A.3.3.2 320 320 640 320 320 

A/Swine/Republic of Ireland/AR6853/2016 1A.3.3.2 20480 5120 10240 2560 1280 

A/Swine/Germany/BAK36/2017 1A.3.3.2 320 80 160 80 40 

A/Swine/Denmark/SIR1570/2017 1A.3.3.2 160 160 640 320 160 

A/SWINE/SPAIN/45690-9/2018 1A.3.3.2 5120 5120 2560 10240 1280 

A/swine/Italy/455389/2021/H1N1 
 

1A.3.3.2 
320 640 320 640 320 

A/swine/Italy/109752-1/2022   
 

1A.3.3.2 
80 160 80 80 40 

A/swine/Italy/13502/2022/H1N1    
 

1A.3.3.2 
80 40 0 0 20 

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.  

 
 

  

• > 8 fold reduction 
• 8 fold reduction 
• 4 fold reduction 
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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). 
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48 A S  

69 S   

71 L  Cb 
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119 I   

124 P  Sa 

127 K   

132 V E RBS 

138 D Y  

141 A Q  

149 I M  

155 G D Sa 

156 N D Sb 

160 R  Sa 

166 V  Ca1 

168 N   

170 R G Ca1 

185 G   

186 N   

189 Q  Sb, RBS 

195 A  Sb, RBS 

209 E K  

222 G  Ca2, RBS 

224 T A RBS 

232 T   

252 K R  

308 K   

310 T R  

311 K 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). 
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128 S T    120 T A   

129 D N    121 S N   

130 N K    128 S T   
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142 K N    142 K N   

156 K N Sb  168 D N   

161 I L    170 G K Ca2 

162 N S Sa  176 L I   

163 Q K Sa  183 S P   

164 T S Sa  186 A T   

168 D N    190 S T Sb, RBS 

170 G K Ca2  195 A E Sb, RBS 

176 L I    205 R K   

185 I S    216 I A   

186 A T    224 E A RBS 

190 S T Sb, RBS  234 V I   
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195 A E Sb, RBS  235 E D   

203 T S    239 K T   

205 R K    260 N G   

216 T A    261 A S   

224 E A RBS  270 T K   

234 V I    273 H Q   

235 E D    274 D N   

239 K T    276 N T   

250 A V    285 A S   

256 T A    298 I V   

260 D G    302 K E   

261 A S    311 K N   

270 T K    314 L M   

273 H Q    aadiff   40   

274 D N        

276 N T        

283 E K        

285 A S        

295 V I        

298 I V        

302 K E        

311 K N        

314 L M        

321 V I        

aadiff   51        

Reference vaccine strain in gray, swine strains in black 
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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. 
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113 R   K         

119 K       N N   

120 T       A A   

129 D   N I S S   

130 N K K K K K   

137 P   S     L Ca2 

138 H     Q       

139 A       N N   

141 A     T       

142 K       N N Ca2 

146 K       R     

149 I     V       

152 V       I I   

155 G     E E E Sa 

156 K N N N N N Sb 

161 I L L L L L   
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162 N     I S S Sa 

163 Q     K I I Sa 

164 T     S S S Sa 

166 I       V A Ca1 

173 V   I         

175 V     I       

176 L       V V   

183 P     S       

185 I   T T N N   

186 A       D D   

187 D A     S S RBS 

189 Q E         Sb, RBS 

190 S     V W W Sb, RBS 

194 N       D D RBS 

196 D       N N   

202 G       S     

205 R     K K K   
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216 T     V R R   

222 D     G     Ca2, RBS 
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250 A V V         

256 T     A A A   

257 M     I       

260 D   N N N N   

261 A       T T   

269 D     N       

270 T       A A   

272 V       I I   

274 D     N N N   

276 N     S       

283 E     K K     

295 V     I I I   

308 K       R R   

311 K       R R   

321 V       T 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. 
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283 N S   

295 I V   

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). 
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84 N K     

120 T   A   
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129 D N N   

130 K   R   

137 P   S Ca2 

142 R S N Ca2 

161 V I     

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 A T 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). 
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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 K R   

142 K N Ca2  134 A S RBS 

146 K R    138 H Y   

156 K N Sb  142 K N Ca2 

161 I L    146 K R   

162 N S Sa  168 D N   

163 Q K Sa  170 G E Ca1 

164 T S Sa  186 A T   

168 D N    205 R K   

170 G E Ca1  216 I T   

183 P S    222 D N Ca2, RBS 

185 I S    224 E A RBS 

186 A T    239 K 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 K E   

258 E K    310 T K   
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260 D G    314 L M   

261 A S    aadiff   32   

271 P S        

278 T N        

283 E K        

295 V I        

298 I V        

302 K E        

310 T K        

314 L M        

321 V I        

aadiff   42        

Reference human seasonal vaccine in gray, HI swine strains in purple. 
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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 
against contemporary swine 1B lineage strains selected to represent clade 
consensus. 
 

  

Global 
Clade US Clade 

A
/M

ic
h

ig
a

n
/3

8
3

/2
0

1
8

 R
G

5
8

A
 

A
/I

o
w

a
/3

2
/2

0
1

6
  

A
/s

w
in

e
/W

y
o

m
in

g
/A

0
2

5
2

5
3

4
3

/2
0

2
1

**
 

#
1

5
 

A
/s

w
in

e
/W

y
o

m
in

g
/A

0
2

5
2

5
3

4
3

/2
0

2
1

* 
#

1
6
 

rg
-A

/s
w

in
e

/B
ra

z
il/

2
7
4

-1
8
/2

0
1

8
 

#
2

1
 

rg
-A

/s
w

in
e

/B
ra

z
il/

2
7
4

-1
8
/2

0
1

8
 

#
2

2
 

A/Michigan/383/2018 RG58A 1B.2.1 delta-2 80 <10 <10 <10 40 80 

A/swine/Michigan/A01104117/2018* 1B.2.1 delta-2  80 <10 <10 <10 40 80 

A/Iowa/32/2016 1B.2.2.1 delta-1a <10 160 40 20 10 10 

A/swine/Iowa/A02636436/2022* 1B.2.2.1 delta-1a 40 20 20 10 40 80 

A/swine/Wyoming/A02525343/2021** 1B.2.2.1 delta-1a <10 20 160 160 10 10 

A/swine/Iowa/A02524534/2020*  1B.2.2.2 delta-1b <10 10 <10 <10 10 10 

rg-A/swine/Brazil/274-18/2018 1B.2.3  640 20 20 10 1280 2560 

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. 

 

• The contemporary swine 1B.2.1 (delta-2) was 100% identical in the HA1 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 
A/swine/Iowa/A024636436/2022 and A/swine/Wyoming/A02525343/2021 had a 8-fold reduction 
from the within clade CVV A/Iowa/32/2016 and demonstrated loss in cross-reactivity to each 
other.  

• 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/Iowa/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 A/Iowa/32/2016 CVV but retained reactivity with the 
1B.2.1 A/Michigan/383/2018 CVV. 

  

• > 8 fold reduction 

• 8 fold reduction 

• 4 fold reduction 
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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. 

 
 

 

Global Clade 
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A/Michigan/383/2018 RG58A 1B.2.1 d2 160 1280 

A/Chile/1/1983 H1 seasonal 160 1280 

A/swine/England/208046/2018 1B.1.1  nt 80 

A/swine/Italy/118638/2021 1B.1.2.2 20 40 

A/swine/Italy/185280/2020 1B.1.2.2 nt  40 

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

• 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. 

 
 
  

• > 8 fold reduction 

• 8 fold reduction 

• 4 fold reduction 
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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/Iowa/32/2016 1B.2.2.1). 
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19 L V V V   
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69 S     T   

72 S   P     

74 K   E E Cb 

82 A T       

85 S P       

86 D E       

94 Q D       

96 T A A A   

104 Q     H   

106 S   N     

119 R K       

129 V T       

130 T   D     

132 K   T V RBS 

141 E     K   

142 G     S Ca2 

149 I V       

153 V E     Sb 

157 L   R   Sa 

163 K     M Sa 

168 E N D D   

170 G E     Ca1 

175 I   V     

176 L I       
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179 V     I   

183 S P       

184 N D       

186 G E       

187 D N     RBS 

193 H R     Sb, RBS 

194 T K   A RBS 

202 M A       

208 R E K     

215 T   A     

222 D N N N Ca2, RBS 

228 N K       

236 P A       

241 I   V     

244 T A       

249 I V       

256 A T       

269 K N       

271 P S       

273 D N       

274 E K       

277 A T       

283 K Q       

287 N   T     

289 N S   S   

310 T A R     

314 M L       

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. 
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44 L     M   
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54 K   R     

70 L     S Cb 

71 F   L   Cb 

73 K     R Cb 

82 T P A     

85 S A A P   

89 T L L I   

94 Y   H     

96 A S S S   

109 S A       

111 F   I V   

116 I     M   

124 P S     Sa 

127 N S S     

128 V   I     

129 T - -     

130 K - - R   

132 V S A K RBS 

134 A     V RBS 

135 A S S S RBS 

137 S P     Ca2 

138 H K K     

139 K Q Q N   
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141 K   R     

142 S   R   Ca2 

146 R T T K   

155 N     D Sa 

157 S     L Sa 

161 L     I   

162 S T T   Sa 

163 K M M N Sa 

164 S     H Sa 

166 V M M   Ca1 

168 N D D     

170 E   K   Ca1 

171 K R R     

176 L     I   

181 H     N   

184 N   S     

185 I M   M   

187 D     N RBS 

189 K R R R Sb, RBS 

190 T A A A Sb, RBS 

196 N T T T   

202 V M T     

205 H Q       

208 R   K     

209 R   K     

211 T A       

215 A     E   

220 V I I I RBS 

222 N   D   Ca2, RBS 

235 E D       

237 G R S   Ca1 

238 D     E   

241 I T       

248 L     F   

249 I V       

258 S K N     

261 F     L   

262 G E E R   

267 T V V I   

268 S     T   

270 A   V     

276 D   N     
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277 A     T   

278 K   T E   

283 Q   R     

288 S N N N   

295 V   I     

298 V   I     

299 T     A   

307 V     I   

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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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 
antisera against contemporary swine 1C lineage strains selected to represent 

clade consensus. 
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A/Netherlands/3315/2016 CVV (Crick or 
APHA) 

1C.2.1 
H1N1v 

2560 320 320 160 160 160 

A/Hebei-Haigang/1572/2019 1C.2.3 640 20480 2560 640 320 80 

A/Hessen/47/2020-like CVV 
1C.2.2 
H1v 

80 2560 10240 320 320 40 

A/Netherlands/10370-1b/2020 CVV 1C.2.1 80 320 160 640 160 20 

A/Mecklenburg-Vorpommern/1/2021 1C.2.1 160 640 320 160 640 80 

A/Bretagne/24241/2021 CVV 1C.2.4 40 40 160 20 80 10240 

A/Swine/France/56-180424/2018 1C.2.4 80 80 160 40 1280 40 

A/swine/Italy/127069/2020 1C.2.5 1280 640 640 160 320 160 

A/Swine/France/72-210055-1/2021 1C.2.4 20 80 160 40 160 5120 

A/swine/Italy/358072/2021 1C.2.4 40 80 160 40 320 20 

A/swine/Italy/416754/2021 1C.2.4 160 320 80 160 320 80 

A/swine/Italy/348919/2021 1C.2.2 80 1280 1280 160 160 40 

A/swine/Italy/417712/2021 1C.2.1 1280 640 80 80 160 20 

A/swine/Italy/24394-3/2022 1C.2.1 640 320 160 80 160 0 

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

• 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. 

 

• > 8 fold reduction 

• 8 fold reduction 

• 4 fold reduction 
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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. 
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120 A E       
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227 M   I     

236 Q     P   

253 H Y Y Y   

258 D N N N   

267 I M M M   
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271 H N N N   

308 K     R   

311 R Q Q Q   

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). 
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161 L I     
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185 D E     

214 T I I   

235 D N K   
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253 Y H     

267 M I R   

269 N D     

270 A   V   

271 R   Q   

288 S   I   

289 N   D   

302 E K K   

aadiff   18 15  

Reference CVV in red, pending/requested HI swine strain in blue, recent variant strain in orange. 
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Table 16. Amino acid substitutions between representative swine 1C.2.4 strains compared to the 
within-clade CVV (A/Bretagne/24241/2021 CVV).  
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153 S K Sb 
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195 N D Sb, RBS 
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202 V A   

205 K T   

208 Q K   

216 P T   

219 E K RBS 

222 E D Ca2, RBS 

224 R A RBS 

237 E G Ca1 

252 R K   

253 Y H   

258 E S   

262 N I   

271 H N   

289 D N   

aadiff   46  

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

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. 

 

• 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/Iowa/60/2018 and an 8-fold decrease to A/Hong Kong/45/2019.  
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A/Minnesota/11/2010 x 203 1990.4.a 1280 80 160 20 nt 20 40   80 <10 <10 80 10 

A/swine/NorthCarolina/A02245294/2019* 1990.4.a 80 2560 1280 10 nt 40 20 40 20 40 40 10 

A/swine/Minnesota/A02245671/2020* 1990.4.i 10 20 20 <10 nt 20 10 20 <10 20 10 <10 

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

2010.1 20 40 40 5120 320 40 160 320 40 40 40 20 

IDCDC-RG60A A/Ohio/13/2017 CVV 2010.1 nt nt nt 80 640 nt 160 160 nt nt nt nt 

A/Indiana/27/2018 2010.1 20 nt nt 40 40 640 10 10 nt nt nt nt 

A/swine/Iowa/A02636476/2022* 2010.1 10 40 80 160 160 80 640 640 10 40 40 10 

A/swine/Iowa/A02636454/2022* 2010.1 10 20 40 40 160 40 320 320 10 20 40 <10 

A/swine/Utah/A02524953/2020 2010.1 10 40 40 40 160 40 640 640 <10 10 20 10 

A/swine/Indiana/A02635878/2021 2010.2 20 20 20 10 nt nt 20 40 10 20 20 <10 

rg-A/Cambodia/e826360/2020-like 3C.2a1b.2a.1 <10 <10 <10 <10 nt nt 10 10 160 160 40 80 

rg-A/Darwin/6/2021-like 3C.2a1b.2a.2 <10 <10 10 10 nt nt 20 20 20 40 640 1280 

• > 8 fold reduction 

• 8 fold reduction 

• 4 fold reduction 
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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. 
 
  

Global Clade 

A
/V

ic
to

ri
a

/3
/1

9
7

5
 

ID
C

D
C

-R
G

5
5

C
 A

/O
h

io
/2

8
/2

0
1

6
-l

ik
e

 C
V

V
 

A
/S

y
d

n
e

y
/5

/9
7
 

A/Victoria/3/1975 Human seasonal 1280 40 160 

IDCDC-RG55C A/Ohio/28/2016-like CVV 2010.1 160 1280 160 

A/Sydney/5/97 Human seasonal 320 80 2560 

A/swine/Italy/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/Victoria/3/1975 and poor cross reactivity to the 2010.1 CVV and another antiserum raised to a 
human seasonal strain. 

 
  

• > 8 fold reduction 

• 8 fold reduction 

• 4 fold reduction 
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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. 
 

site A
/M

in
n
e
s
o
ta

/1
1
/2

0
1

0
 

A
/s

w
in

e
/N

o
rt

h
_
C

a
ro

lin
a
/A

0
2
2

4
5

2
9
4
/2

0
1
9
|1

9
9
0

.4
.a

 

A
/s

w
in

e
/M

in
n
e
s
o
ta

/A
0

2
2

4
5

6
7

1
/2

0
2
0

|1
9
9

0
.4

.i
 

annotations 

5 G       

6 S       

8 N   K   

9 S   N   

10 M   T   

12 T   M   

31 D       

45 S   X   

46 S       

49 G   D   

50 R   K   

53 N     Site C 

57 Q   K   

58 I   V   

62 K   G   

80 Q   E   

91 S       

96 N S D   

101 Y       

107 T   S   

114 S       

117 N   T   

119 E K     

121 T   N   

122 Q   L Site A 

124 S I N   

126 N       

128 T       

131 A T D   
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133 D     Site A 

135 S       

137 Y   F Site A 

138 A S S   

140 R   K   

142 G   N   

155 Y   H Site B 

156 N H Q   

159 Y   H   

163 E   A   

164 Q   L   

173 K       

182 V       

186 G     Site B 

188 D     Site B 

189 K   M Site B 

192 T       

193 N   S Site B 

197 Q       

198 A   E   

201 R     Site D 

202 V       

203 I   T   

207 K R   Site D 

208 R     Site D 

214 I       

223 V       

226 V       

229 I       

238 K       

242 I       

260 I   M   

261 Q   R   

262 S   I   

264 K       

268 M       

269 R   K   

273 H   L   

275 D   G Site C 

276 E   N   

289 P S     

299 K   R   
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323 V I     

aadiff   9 39  

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.  

 

site A
/O

h
io

/2
8
/2

0
1

6
 

A
/O

h
io

/1
3
/2

0
1

7
 

A
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n

d
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n
a
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7
/2

0
1
8

 

A
/s

w
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e
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o
w

a
/A

0
2
6

3
6

4
5

4
/2

0
2

2
 

A
/s

w
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e
/U

ta
h
/A

0
2
5

2
4

9
5

3
/2

0
2

0
 

A
/s

w
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e
/I

o
w

a
/A

0
2
6

3
6

4
7

6
/2

0
2

2
 

A
/W

e
s
t_

V
ir

g
in

ia
/2

5
/2

0
2
2

 

A
/W

e
s
t_

V
ir

g
in

ia
/2

4
/2

0
2
2

 
annotations 

3 L         F       

25 I           M M   

31 N     D     D D   

45 S     N     N N   

56 H Y Y Y     Y Y   

62 E     G     G G   

88 V       I         

91 S         N       

92 K       R         

96 N     D     D D   

106 A     V           

112 V       A         

122 N     K     K K Site A 

138 A S S S S S S S   

142 R   G             

144 S       T       Site A 

145 K N N N N N N N Site A 

156 H   R   Q         

158 N   D             

167 T       A         

188 D         E     Site B 

189 K   T           Site B 

198 A         T       

202 I     T     T T   

209 S N N N G   N N   

212 A     T     T T   

223 V     I     I I   

238 R     K     K K   

264 K     R     R R   
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280 A         E       

312 N       K         

323 I         L       

aadiff   4 8 15 10 8 15 15  

Reference CVV in red, HI swine strains in purple, new variant detection in orange. 
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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.2a1b2a), and a second human seasonal vaccine 
(A/Darwin/6/2021 C.2a1b.2a). 

 

site A
/C

a
m

b
o

d
ia

/e
0

8
2

6
3

6
0
/2

0
2
0

 

A
/D

a
rw

in
/6

/2
0

2
1

 

A
/s

w
in

e
/I

n
d
ia

n
a
/A

0
2

6
3

5
8

7
8
/2

0
2
1

 

annotations 

9 S   G   

31 N   D   

53 D G   Site C 

58 I   V   

62 G   E   

83 E   Q   

94 N   Y   

106 A   I   

131 K   T   

135 T   I   

138 A   S   

144 S   N Site A 

156 H S     

159 Y N     

160 K I     

164 L Q     

167 T   I   

171 N K     

186 R D G Site B 

189 K   N Site B 

190 D N     

192 I   T   

195 F   Y   

197 Q   R   

198 P S S   

203 T   I   

291 D   N   

aadiff   9 20  

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. 

 

site A
/P

o
rt

_
C

h
a
lm

e
rs

/1
/1

9
7

3
 

A
/V

ic
to

ri
a

/3
/1

9
7
5

 

A
/s

w
in

e
/I

ta
ly

/3
0

8
9

5
5

-3
/2

0
2
1

 

annotations 

3 F L     

6 N   K   

7 D   G   

7+1 - N     

9 S   N   

31 N   D   

45 S   N   

46 S   F   

48 T   M   

53 N   K Site C 

62 I   A   

67 I   V   

69 A   S   

83 T K K   

88 V   I   

92 K   R   

104 D   E   

106 A   T   

112 V   I   

117 T   S   

121 I   T   

124 G   N   

126 T N N   

137 N   S Site A 

144 D   N Site A 

145 S   N Site A 

146 G   S Site A 

159 S   N   

160 A T T   

163 V   M   
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164 L Q     

171 N   S   

173 N   D   

174 F S     

189 Q K R Site B 

196 V   I   

198 A   T   

201 R K K Site D 

202 V   I   

203 T   I   

217 I V   Site D 

242 I   T   

244 V   I   

260 M   I   

261 R   Q   

262 T   I   

267 I   V   

269 R   K   

278 I S D Site C 

299 K   R   

307 K   H   

309 V   I   

323 V   I   

aadiff   11 48  

Reference vaccine in gray, HI swine strain in purple. 
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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:  

• 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: 

• USA: H1N2v (1 1A.1.1; 1 1A.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 HA1 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 
A/swine/Iowa/A024636436/2022 and A/swine/Wyoming/A02525343/2021 had a 8-fold reduction 
from the within clade CVV A/Iowa/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/Iowa/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 A/Iowa/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/Iowa/60/2018 and an 8-fold decrease to A/Hong Kong/45/2019. 
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Annex 1. Geographic Distribution of swine HA phylogenetic clades by country  

 
Figure A1. 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). 
 

 
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 A1a. 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 

1A.5.1 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 A1b. 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.2.5 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.2.4 ITA 12 

1C.2.5 ITA 2 

1A.3.3.2 JAP 1 

1A.5.1 JAP 1 

1A.5.3 JAP 1 

1A.3.3.2 NLD 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 
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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.  

 

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 HA1 region. The strains are colored in consistence with 
Figure 7.  

variant|A/Wisconsin/04/2021|H1N1|Human|USA|1A.3.3.3|2021-07-29

Consensus_1A.3.3.3_c1

publicIAV|A/swine/South_Dakota/A02636437/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-25

publicIAV|A/swine/Iowa/A02636395/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-19

publicIAV|A/swine/Missouri/A02636440/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-26

publicIAV|A/swine/Missouri/A02636420/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-27

publicIAV|A/swine/Missouri/A02636464/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-02

publicIAV|A/swine/North_Carolina/A02636642/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-14

publicIAV|A/swine/Indiana/A02636445/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-27

publicIAV|A/swine/Illinois/A02636392/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-14

publicIAV|A/swine/Illinois/A02636467/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-03

publicIAV|A/swine/Nebraska/A02636471/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-04

publicIAV|A/swine/Indiana/A02636651/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-22

publicIAV|A/swine/South_Dakota/A02711817/2022|H1N1|Swine|USA|1A.3.3.3|2022-05-03

publicIAV|A/swine/Iowa/A02636677/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-28

publicIAV|A/swine/North_Carolina/A02711698/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-24

variant|A/Wisconsin/87/2005|H1N1|Human|USA|1A.3.3.3|2005-12-08

publicIAV|A/swine/Iowa/A02636506/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-14

publicIAV|A/swine/Iowa/A02636613/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-04

publicIAV|A/swine/North_Carolina/A02750622/2022|H1N1|Swine|USA|1A.3.3.3|2022-05-17

publicIAV|A/swine/Iowa/A02636496/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-15

publicIAV|A/swine/North_Carolina/A02636528/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-18

publicIAV|A/swine/Minnesota/A02711801/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-01

publicIAV|A/swine/Minnesota/A02711816/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-28

publicIAV|A/swine/Indiana/A01812320_HA/2022|H1N1|Swine|USA|1A.3.3.3|2022-03-07

publicIAV|A/swine/Iowa/A02636385/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-12

publicIAV|A/swine/Minnesota/A02636636/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-07

publicIAV|A/swine/Iowa/A02711806/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-14

publicIAV|A/swine/North_Carolina/A02636518/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-22

publicIAV|lab-22-b|A/swine/Minnesota/A02635908/2021|H1N1|Swine|USA|1A.3.3.3|2021-06-14

publicIAV|A/swine/Indiana/A02636526/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-21

variant|A/Wisconsin/05/2021|H1N1|Human|USA|1A.3.3.3|2021-08-03

publicIAV|A/swine/Ohio/A02636491/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-14

publicIAV|A/swine/Iowa/A02636629/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-14

publicIAV|A/swine/Iowa/A02636434/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-24

publicIAV|A/swine/Iowa/A02750634/2022|H1N1|Swine|USA|1A.3.3.3|2022-06-02

publicIAV|A/swine/North_Carolina/A02636350/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-17

publicIAV|A/swine/Iowa/A02636573/2022|H1N1|Swine|USA|1A.3.3.3|2022-03-16

publicIAV|A/swine/Minnesota/A02711813/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-28

publicIAV|lab-22-b|A/swine/Minnesota/A02245409/2020|H1N1|Swine|USA|1A.3.3.3|2020-01-31

variant|A/Arkansas/15/2013|H1N1|Human|USA|1A.3.3.3|2013-09-06

publicIAV|A/swine/Iowa/A02636372/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-11

publicIAV|A/swine/Indiana/A02636638/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-19

publicIAV|A/swine/Iowa/A02636601/2022|H1N1|Swine|USA|1A.3.3.3|2022-03-30

publicIAV|A/swine/Wyoming/A02711819/2022|H1N1|Swine|USA|1A.3.3.3|2022-05-04

CVV|A/Wisconsin/03/2021|H1N1|Human|USA|1A.3.3.3|2021-04-01

publicIAV|lab-22-b|A/swine/Indiana/A02636365/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-06

publicIAV|A/swine/Texas/A02711830/2022|H1N1|Swine|USA|1A.3.3.3|2022-05-12

publicIAV|A/swine/Iowa/A02636390/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-17

publicIAV|A/swine/Illinois/A02636452/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-31

publicIAV|A/swine/South_Dakota/A01678669/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-04

publicIAV|A/swine/Iowa/A02636373/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-10

Consensus_1A.3.3.3_c3

publicIAV|A/swine/Iowa/A02636377/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-12

variant|A/North_Carolina/15/2020|H1N1|Human|USA|1A.3.3.3|2020-11-24

publicIAV|A/swine/Iowa/A02636477/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-07

publicIAV|A/swine/Iowa/A02636462/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-02

publicIAV|A/swine/Iowa/A02636478/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-08

publicIAV|A/swine/Minnesota/A02636645/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-15

publicIAV|A/swine/Ohio/A02750606/2022|H1N1|Swine|USA|1A.3.3.3|2022-05-26

publicIAV|A/swine/Iowa/A02636508/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-16

publicIAV|A/swine/Iowa/A02636449/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-28

CVV|lab-22-b|A/Ohio/09/2015|H1N1|Human|USA|1A.3.3.3|2015-04-21

publicIAV|A/swine/Kansas/A02636331/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-18

publicIAV|A/swine/Nebraska/A02636598/2022|H1N2|Swine|USA|1A.3.3.3|2022-03-28

publicIAV|A/swine/Arizona/A02636443/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-27

publicIAV|A/swine/Iowa/A02750621/2022|H1N1|Swine|USA|1A.3.3.3|2022-05-16

publicIAV|A/swine/Minnesota/A02246917/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-25

publicIAV|A/swine/Iowa/A02636600/2022|H1N1|Swine|USA|1A.3.3.3|2022-03-29

variant|A/Minnesota/46/2015|H1N1|Human|USA|1A.3.3.3|2015-10-23

publicIAV|A/swine/Iowa/A02636482/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-10

publicIAV|A/swine/Indiana/A02636695/2022|H1N1|Swine|USA|1A.3.3.3|2022-05-19

publicIAV|A/swine/Iowa/A02636632/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-13

publicIAV|A/swine/Iowa/A02636684/2022|H1N1|Swine|USA|1A.3.3.3|2022-05-13

publicIAV|A/swine/Iowa/A02636366/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-06

variant|A/Iowa/39/2015|H1N1|Human|USA|1A.3.3.3|2015-08-07

publicIAV|A/swine/Illinois/A02636429/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-16

publicIAV|A/swine/Minnesota/A02711798/2022|H1N1|Swine|USA|1A.3.3.3|2022-03-23

publicIAV|A/swine/Iowa/A02636376/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-10

publicIAV|A/swine/Iowa/A02711703/2022|H1N1|Swine|USA|1A.3.3.3|2022-03-07

publicIAV|A/swine/Iowa/A02636360/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-05

publicIAV|A/swine/Iowa/A02636472/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-07

publicIAV|A/swine/North_Carolina/A02636517/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-22

publicIAV|A/swine/Iowa/A02636442/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-26

publicIAV|A/swine/Minnesota/A02636450/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-28

variant|A/Minnesota/33/2014|H1N1|Human|USA|1A.3.3.3|2014-11-07

publicIAV|A/swine/Iowa/A02636361/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-05

publicIAV|A/swine/Ohio/A02636451/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-28

publicIAV|A/swine/Iowa/A02636511/2022|H1N1|Swine|USA|1A.3.3.3|2022-02-21

publicIAV|A/swine/Iowa/A02636357/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-05

publicIAV|A/swine/Iowa/A02636595/2022|H1N1|Swine|USA|1A.3.3.3|2022-03-21

publicIAV|A/swine/Missouri/A02636628/2022|H1N1|Swine|USA|1A.3.3.3|2022-04-14

publicIAV|A/swine/Iowa/A02636439/2022|H1N1|Swine|USA|1A.3.3.3|2022-01-26
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Figure A4. A phylogeny of the 1A.3.3.2 (pdm) clade displaying n=42 sequences deposited January 
1, 2022 - June 30, 2022 and collected in 2021-2022, and n=20 reference genes. The clade is rooted 
relative to the most recent human vaccine strain (A/Wisconsin/588/2019) and all branches are 
annotated by the respective amino acid mutations in the HA1 region. The strains are colored in 
consistence with Figure 7. 

  

offlu-vcm|A/swine/Italy/33582/2022|H1N1|Swine|ITA|1A.3.3.2|2022-1-28

offlu-vcm|A/swine/Italy/106876-2/2022|H1N1|Swine|ITA|1A.3.3.2|2022-3-29

publicIAV|lab-22-b|A/swine/Iowa/A02524480/2020|H1N1|Swine|USA|1A.3.3.2|2020-07-06

offlu-vcm|A/swine/Italy/455389/2021|H1N1|Swine|ITA|1A.3.3.2|2021-12-29

offlu-vcm|A/swine/Italy/13502/2022|H1N1|Swine|ITA|1A.3.3.2|2022-1-14

huVaccine|lab-22-b|A/Hawaii/70/2019|H1N1|Human|USA|6B1.A/187A|2019-01-01

offlu-vcm|A/swine/Italy/109752-1/2022|H1N1|Swine|ITA|1A.3.3.2|2022-3-31

offlu-vcm|A/swine/Hokkaido/56-2741/2022|H1N1|Swine|JAP|1A.3.3.2|2022-02-27

offlu-vcm|A/swine/England/237596/2021|H1N1|Swine|GBR|1A.3.3.2|2021-04-09

huVaccine|lab-22-b|A/Wisconsin/588/2019|H1N1|Human|USA|6B1.A-5A2|2019-12-19

variant|A/Michigan/288/2019|H1N1|Human|USA|1A.3.3.2|2019-05-05

huVaccine|lab-22-a|A/Brisbane/02/2018|H1N1|Human|AUS|6B.1A/183P-1|2018

huVaccine|lab-22-a|A/California/07/2009|H1N1|Human|USA|1A.3.3.2|2009

publicIAV|A/swine/Denmark/S23620-3/2021|H1N1|Swine|DNK|1A.3.3.2|2021-09-17

variant|A/Iowa/05/2021|H1N1|Human|USA|1A.3.3.2|2021-09-18

publicIAV|A/swine/Kansas/A02711702/2022|H1N1|Swine|USA|1A.3.3.2|2022-03-04

publicIAV|A/swine/Missouri/A02636683/2022|H1N1|Swine|USA|1A.3.3.2|2022-05-11

offlu-vcm|A/swine/Western_4_Australia/21-00353-0001/2021|H1N1|Swine|AUS|1A.3.3.2|2021-01-29

offlu-vcm|A/swine/England/031764/2021|H1N1|Swine|GBR|1A.3.3.2|2021-02-10

offlu-vcm|A/swine/Belgium/Gent-168/2021|H1N2|Swine|BEL|1A.3.3.2|2021-11-30

huVaccine|A/Victoria/2570/2019|H1N1|Human|AUS|6B1.A-5A2|2019-11-22

offlu-vcm|A/swine/England/245622/2022|H1N1|Swine|GBR|1A.3.3.2|2022-01-19

variant|A/Iowa/06/2021|H1N1|Human|USA|1A.3.3.2|2021-09-22

huVaccine|lab-22-a|A/California/04/2009|H1N1|Human|USA|1A.3.3.2|2009-04-01

offlu-vcm|A/swine/Netherlands/PS-797/2021|H1N2|Swine|NLD|1A.3.3.2|2021-03-03

offlu-vcm|A/swine/Western_3_Australia/21-00600-0001/2021|H1N1|Swine|AUS|1A.3.3.2|2021-02-12

variant|lab-22-a|A/Denmark/1/2021|H1N1|Human|DNK|1A.3.3.2|2021-01-21

offlu-vcm|A/swine/England/245620/2022|H1N1|Swine|GBR|1A.3.3.2|2022-01-19

offlu-vcm|A/swine/QC/N37-9/2022|H1N1|swine|CAN|1A.3.3.2|2022-04-12

variant|A/Parana/28600/2020|H1N2|Human|BRA|1A.3.3.2|2020-11-18

publicIAV|A/swine/Denmark/S20996-3/2021|H1N2|Swine|DNK|1A.3.3.2|2021-06-10

publicIAV|A/swine/Iowa/A02524413/2022|H1N1|Swine|USA|1A.3.3.2|2022-04-26

offlu-vcm|A/swine/Belgium/Gent-80/2021|H1N2|Swine|BEL|1A.3.3.2|2021-08-06

publicIAV|A/swine/Iowa/A02636622/2022|H1N1|Swine|USA|1A.3.3.2|2022-04-06

offlu-vcm|A/swine/Western_2_Australia/21-00640-0005/2021|H1N1|Swine|AUS|1A.3.3.2|2021-02-16

offlu-vcm|A/swine/England/031766/2021|H1N1|Swine|GBR|1A.3.3.2|2021-02-10

offlu-vcm|A/swine/England/237719/2021|H1N1|Swine|GBR|1A.3.3.2|2021-04-12

Consensus_1A.3.3.2_EUclade

huVaccine|lab-20-b|A/Idaho/07/2018|H1N1|Human|USA|2018

publicIAV|A/swine/Iowa/A02636541/2022|H1N1|Swine|USA|1A.3.3.2|2022-02-23

offlu-vcm|A/swine/Belgium/Gent-86/2021|H1N2|Swine|BEL|1A.3.3.2|2021-08-06

huVaccine|lab-22-a|A/Michigan/45/2015|H1N1|Human|USA|6B.1|2015

offlu-vcm|A/swine/England/110042/2022|H1N1|Swine|GBR|1A.3.3.2|2022-01-20

publicIAV|A/swine/Denmark/S24795-1/2021|H1N2|Swine|DNK|1A.3.3.2|2021-11-18

Consensus_1A.3.3.2_USdomClade

publicIAV|A/swine/Utah/A02636367/2022|H1N1|Swine|USA|1A.3.3.2|2022-01-05

publicIAV|A/swine/Nebraska/A02636353/2022|H1N1|Swine|USA|1A.3.3.2|2022-01-04

offlu-vcm|A/swine/Western_Australia/21-01051-0001/2021|H1N1|Swine|AUS|1A.3.3.2|2021-03-10

publicIAV|A/swine/Denmark/S19922-5/2021|H1N1|Swine|DNK|1A.3.3.2|2021-05-14

offlu-vcm|A/swine/QC/N36-4/2022|H1N1|swine|CAN|1A.3.3.2|2022-04-12

publicIAV|A/swine/Iowa/A02636461/2022|H1N1|Swine|USA|1A.3.3.2|2022-02-02

variant|A/Iowa/02/2021|H1N1|Human|USA|1A.3.3.2|2021-04-10

publicIAV|A/swine/Denmark/S24856-3/2021|H1N1|Swine|DNK|1A.3.3.2|2021-11-23

publicIAV|A/swine/Iowa/A02636441/2022|H1N1|Swine|USA|1A.3.3.2|2022-01-26

offlu-vcm|A/swine/Italy/45103-17/2022|H1N1|Swine|ITA|1A.3.3.2|2022-2-7

variant|A/Manitoba/02/2021|H1N1|Human|CAN|1A.3.3.2|2021-01-01

publicIAV|A/swine/Minnesota/A02636433/2022|H1N1|Swine|USA|1A.3.3.2|2022-01-24

variant|A/North_Dakota/12226/2021|H1N1|Human|USA|1A.3.3.2|2021-09-01

variant|A/Denmark/36/2021|H1N1|Human|DNK|1A.3.3.2|2021-11-24

publicIAV|A/swine/Denmark/S15063-1/2021|H1N1|Swine|DNK|1A.3.3.2|2020-11-19

publicIAV|A/swine/Denmark/S23212-3/2021|H1N1|Swine|DNK|1A.3.3.2|2021-08-27

offlu-vcm|A/swine/Italy/447409/2021|H1N1|Swine|ITA|1A.3.3.2|2022-12-22
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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. 

  

variant|A/Alberta/01/2020|H1N2|Human|CAN|1A.1.1|2020-10-01

publicIAV|A/swine/Kansas/A02636499/2022|H1N2|Swine|USA|1A.1.1|2022-02-16

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

publicIAV|A/swine/Kansas/A02711699/2022|H1N2|Swine|USA|1A.1.1|2022-02-24

publicIAV|A/swine/Tennessee/A02524414/2022|H1N1|Swine|USA|1A.1.1|2022-03-08

offlu-vcm|A/swine/Winnipeg-Manitoba/2022056527/2022|H1N2|Swine|CAN|1A.1.1|2022-06-13

publicIAV|A/swine/Iowa/A02636484/2022|H1N2|Swine|USA|1A.1.1|2022-02-10

offlu-vcm|A/swine/MB/N13-4/2022|H1N2|swine|CAN|1A.1.1|2022-02-11

publicIAV|A/swine/Virginia/A02636522/2022|H1N1|Swine|USA|1A.1.1|2022-02-24

publicIAV|A/swine/North_Carolina/A02636594/2022|H1N1|Swine|USA|1A.1.1|2022-03-31

offlu-vcm|A/swine/MB/N13-2/2022|H1N2|swine|CAN|1A.1.1|2022-02-11

publicIAV|A/swine/North_Carolina/A02636515/2022|H1N1|Swine|USA|1A.1.1|2022-02-21

publicIAV|A/swine/Michigan/A02636394/2022|H1N2|Swine|USA|1A.1.1|2022-01-17

offlu-vcm|A/swine/Winnipeg-Manitoba/2022056528/2022|H1N2|Swine|CAN|1A.1.1|2022-06-13

variant|A/Manitoba/01/2021|H1N2|Human|CAN|1A.1.1|2021-01-01

publicIAV|A/swine/Iowa/A02636615/2022|H1N2|Swine|USA|1A.1.1|2022-04-04

publicIAV|A/swine/North_Carolina/A02636562/2022|H1N1|Swine|USA|1A.1.1|2022-03-08

publicIAV|A/swine/Iowa/A02636494/2022|H1N1|Swine|USA|1A.1.1|2022-02-15

publicIAV|A/swine/Michigan/A02246914/2022|H1N2|Swine|USA|1A.1.1|2022-01-06

publicIAV|A/swine/North_Carolina/A02636609/2022|H1N1|Swine|USA|1A.1.1|2022-03-28

offlu-vcm|A/swine/Saskatchewan/2022050716/2022|H1N2|Swine|CAN|1A.1.1|2022-05-02

publicIAV|A/swine/Kansas/A02711701/2022|H1N2|Swine|USA|1A.1.1|2022-02-24

publicIAV|A/swine/Minnesota/A02711815/2022|H1N2|Swine|USA|1A.1.1|2022-04-29

publicIAV|A/swine/Kansas/A02636486/2022|H1N2|Swine|USA|1A.1.1|2022-02-11

Consensus_1A.1.1

CVV|lab-22-b|A/Ohio/24/2017|H1N2|Human|USA|1A.1.1|2017-07-25

publicIAV|A/swine/Kansas/A02636473/2022|H1N2|Swine|USA|1A.1.1|2022-02-12

publicIAV|A/swine/North_Carolina/A02636563/2022|H1N1|Swine|USA|1A.1.1|2022-03-09

publicIAV|A/swine/Illinois/A02636444/2022|H1N1|Swine|USA|1A.1.1|2022-01-27

publicIAV|A/swine/North_Carolina/A02636599/2022|H1N1|Swine|USA|1A.1.1|2022-03-28

publicIAV|A/swine/Iowa/A02711705/2022|H1N2|Swine|USA|1A.1.1|2022-03-03

variant|A/California/71/2021|H1N2|Human|USA|1A.1.1|2021-12-27

offlu-vcm|A/swine/QC/N14-4/2022|H1N2|swine|CAN|1A.1.1|2022-02-04

publicIAV|A/swine/North_Carolina/A02710698/2022|H1N1|Swine|USA|1A.1.1|2022-01-24

publicIAV|A/swine/North_Carolina/A02636453/2022|H1N1|Swine|USA|1A.1.1|2022-01-31

publicIAV|A/swine/Illinois/A02636537/2022|H1N2|Swine|USA|1A.1.1|2022-02-25

publicIAV|A/swine/North_Carolina/A02246916/2022|H1N1|Swine|USA|1A.1.1|2022-01-21

offlu-vcm|A/swine/QC/N16-6/2022|H1N2|swine|CAN|1A.1.1|2022-03-01

publicIAV|A/swine/North_Carolina/A02636421/2022|H1N1|Swine|USA|1A.1.1|2022-02-01

publicIAV|A/swine/North_Carolina/A02711814/2022|H1N1|Swine|USA|1A.1.1|2022-04-28

publicIAV|A/swine/Pennsylvania/A02636530/2022|H1N2|Swine|USA|1A.1.1|2022-02-28

publicIAV|A/swine/Oklahoma/A02246913/2022|H1N2|Swine|USA|1A.1.1|2022-01-06

publicIAV|A/swine/Michigan/A02636389/2022|H1N2|Swine|USA|1A.1.1|2022-01-14

publicIAV|A/swine/Montana/A02636379/2022|H1N2|Swine|USA|1A.1.1|2022-01-12

publicIAV|A/swine/Nebraska/A02636474/2022|H1N2|Swine|USA|1A.1.1|2022-02-12

publicIAV|lab-22-b|A/swine/Ill inois/A02524514/2020|H1N2|Swine|USA|1A.1.1|2020-07-31
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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. 

publicIAV|A/swine/North_Carolina/A02711808/2022|H1N2|Swine|USA|1B.2.1|2022-04-15

publicIAV|A/swine/Iowa/A02636680/2022|H1N2|Swine|USA|1B.2.1|2022-05-02

variant|A/Iowa/04/2021|H1N2|Human|USA|1B.2.1|2021-08-23

publicIAV|A/swine/Iowa/A02636497/2022|H1N2|Swine|USA|1B.2.1|2022-02-16

publicIAV|A/swine/Iowa/A02636510/2022|H1N2|Swine|USA|1B.2.1|2022-02-22

publicIAV|A/swine/North_Carolina/A02636347/2022|H1N2|Swine|USA|1B.2.1|2022-01-07

publicIAV|A/swine/Iowa/A02636371/2022|H1N2|Swine|USA|1B.2.1|2022-01-07

publicIAV|A/swine/South_Dakota/A02636463/2022|H1N2|Swine|USA|1B.2.1|2022-02-02

variant|A/Ohio/02/2021|H1N2|Human|USA|1B.2.1|2021-09-09

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

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

publicIAV|A/swine/South_Dakota/A02636513/2022|H1N2|Swine|USA|1B.2.1|2022-02-22

publicIAV|A/swine/Minnesota/A02711713/2022|H1N2|Swine|USA|1B.2.1|2022-03-29

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

publicIAV|A/swine/Nebraska/A02636507/2022|H1N2|Swine|USA|1B.2.1|2022-02-17

publicIAV|A/swine/Indiana/A02636393/2022|H1N2|Swine|USA|1B.2.1|2022-01-18

publicIAV|A/swine/Minnesota/A02246918/2022|H1N2|Swine|USA|1B.2.1|2022-01-26

publicIAV|A/swine/Iowa/A02636633/2022|H1N2|Swine|USA|1B.2.1|2022-04-11

Consensus_1B.2.1

publicIAV|A/swine/Minnesota/A02711800/2022|H1N2|Swine|USA|1B.2.1|2022-03-25

publicIAV|A/swine/Minnesota/A02711818/2022|H1N2|Swine|USA|1B.2.1|2022-05-04

CVV|lab-22-b|A/Michigan/383/2018|H1N2|Human|USA|1B.2.1|2018-07-31

variant|A/California/58/2018|H1N2|Human|USA|1B.2.1|2018-07-31

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

publicIAV|A/swine/Iowa/A02636374/2022|H1N2|Swine|USA|1B.2.1|2022-01-10

publicIAV|A/swine/Indiana/A02636339/2022|H1N2|Swine|USA|1B.2.1|2022-01-03

publicIAV|A/swine/Minnesota/A02711820/2022|H1N2|Swine|USA|1B.2.1|2022-05-03

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

publicIAV|A/swine/Missouri/A02636355/2022|H1N2|Swine|USA|1B.2.1|2022-01-03

publicIAV|A/swine/Iowa/A02636540/2022|H1N2|Swine|USA|1B.2.1|2022-02-24

variant|A/Michigan/384/2018|H1N2|Human|USA|1B.2.1|2018-07-31

publicIAV|A/swine/Iowa/A02636460/2022|H1N2|Swine|USA|1B.2.1|2022-02-02

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

variant|A/Indiana/01/2021|H1N2|Human|USA|1B.2.1|2021-09-21

publicIAV|A/swine/Nebraska/A02711709/2022|H1N2|Swine|USA|1B.2.1|2022-03-15

variant|A/Michigan/382/2018|H1N2|Human|USA|1B.2.1|2018-07-28

publicIAV|A/swine/North_Carolina/A02636386/2022|H1N2|Swine|USA|1B.2.1|2022-01-13

CVV|lab-20-b|A/Ohio/35/2017|H1N2|Human|USA|1B.2.1|2017-08-17

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

publicIAV|A/swine/Iowa/A02636455/2022|H1N2|Swine|USA|1B.2.1|2022-02-01

publicIAV|A/swine/Iowa/A02636466/2022|H1N2|Swine|USA|1B.2.1|2022-02-02

publicIAV|A/swine/North_Carolina/A02636509/2022|H1N2|Swine|USA|1B.2.1|2022-02-21

publicIAV|A/swine/Iowa/A02636375/2022|H1N2|Swine|USA|1B.2.1|2022-01-11
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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 HA1 region. The strains are colored in consistence with Figure 9. 

  

offlu-vcm|A/swine/Italy/416754/2021|H1N2|Swine|ITA|1C.2.4|2021-12-1

offlu-vcm|A/swine/France/53-210091-2/2021|H1N2|Swine|FRA|1C.2.4|2021-01-21

offlu-vcm|A/swine/Italy/418974/2021|H1N2|Swine|ITA|1C.2.4|2021-12-2

offlu-vcm|A/swine/Italy/120575/2022|H1N2|Swine|ITA|1C.2.4|2022-4-11

offlu-vcm|A/swine/Italy/71791/2022|H1N2|Swine|ITA|1C.2.4|2022-2-28

publicIAV|A/sw/Sachsen-Anhalt/3/2022|H1N2|Swine|DEU|1C.2.4|2022-03-17

offlu-vcm|lab-22-a|A/swine/France/72-210055-1/2021|H1N2|Swine|FRA|1C.2.4|2021-01-11

offlu-vcm|A/swine/Italy/72983-3/2022|H1N2|Swine|ITA|1C.2.4|2022-3-1

offlu-vcm|A/swine/Italy/398937/2021|H1N2|Swine|ITA|1C.2.4|2021-11-18

publicIAV|A/sw/Sachsen-Anhalt/3/2021|H1N2|Swine|DEU|1C.2.4|2021-12-02

offlu-vcm|lab-22-a|A/swine/Italy/358072/2021|H1N2|Swine|ITA|1C.2.4|2021-10-20

offlu-vcm|lab-21-b|A/swine/Italy/97879/2021|H1N2|Swine|ITA|1C.2.4|2021-03-19

CVV|A/Bretagne/24241/2021|H1N2|Human|FRA|1C.2.4|2021-08-18

publicIAV|A/swine/Pskov_4_Region/RII-14S/2022|H1N2|Swine|RUS|1C.2.4|2022-03-01

publicIAV|A/swine/Pskov_Region/RII-36S/2022|H1N2|Swine|RUS|1C.2.4|2022-03-01

variant|A/Austria/1445532/2021|H1N2|Human|AUT|1C.2.4|2021-08-30

publicIAV|A/swine/Pskov_3_Region/RII-17S/2022|H1N2|Swine|RUS|1C.2.4|2022-03-01

publicIAV|A/swine/Pskov_2_Region/RII-31S/2022|H1N2|Swine|RUS|1C.2.4|2022-03-01

publicIAV|A/swine/Pskov_5_Region/RII-12S/2022|H1N2|Swine|RUS|1C.2.4|2022-03-01

publicIAV|A/sw/Sachsen-Anhalt/2/2022|H1N2|Swine|DEU|1C.2.4|2022-03-17

offlu-vcm|A/swine/France/35-210140-1/2021|H1N2|Swine|FRA|1C.2.4|2021-02-15

offlu-vcm|A/swine/Italy/110521-5/2022|H1N2|Swine|ITA|1C.2.4|2022-3-31

publicIAV|A/sw/Sachsen-Anhalt/2/2021|H1N2|Swine|DEU|1C.2.4|2021-12-02

offlu-vcm|A/swine/Italy/119919-003/2022|H1N2|Swine|ITA|1C.2.4|2022-4-6

offlu-vcm|A/swine/Italy/72999-4/2022|H1N2|Swine|ITA|1C.2.4|2022-3-1
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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 
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. 

publicIAV|A/swine/Iowa/A02750612/2022|H3N2|Swine|USA|3.2010.1|2022-05-19

publicIAV|A/swine/Texas/A02246910/2022|H3|Swine|USA|3.2010.1|2022-01-06

variant|A/Ohio/21/2017|H3N2|human|USA|3.2010.1|2017-07-17

publicIAV|A/swine/Kansas/A02711700/2022|H3N2|Swine|USA|3.2010.1|2022-02-24

publicIAV|A/swine/Texas/A02711710/2022|H3|Swine|USA|3.2010.1|2022-03-17

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

variant|lab-20-a|A/Ohio/27/2016|H3N2|Swine|USA|3.2010.1|2016

publicIAV|A/swine/Texas/A02710696/2022|H3|Swine|USA|3.2010.1|2022-01-13

variant|A/Wisconsin/01/2021|H3N2|Human|USA|3.2010.1|2021-01-14

variant|A/Ohio/19/2017|H3N2|human|USA|3.2010.1|2017-07-18

Consensus_3.2010.1

publicIAV|A/swine/Iowa/A02636384/2022|H3N2|Swine|USA|3.2010.1|2022-01-13

publicIAV|A/swine/Nebraska/A02750644/2022|H3N2|Swine|USA|3.2010.1|2022-06-13

publicIAV|A/swine/Iowa/A02636649/2022|H3N2|Swine|USA|3.2010.1|2022-04-20

publicIAV|A/swine/Iowa/A02636675/2022|H3N2|Swine|USA|3.2010.1|2022-04-26

publicIAV|A/swine/Missouri/A02636364/2022|H3N2|Swine|USA|3.2010.1|2022-01-06

publicIAV|A/swine/Iowa/A02636481/2022|H3N2|Swine|USA|3.2010.1|2022-02-10

publicIAV|A/swine/Texas/A02246919/2022|H3|Swine|USA|3.2010.1|2022-01-06

CVV|lab-22-b|A/Ohio/28/2016|H3N2|Swine|USA|3.2010.1|2016

publicIAV|A/swine/Iowa/A02636351/2022|H3N2|Swine|USA|3.2010.1|2022-01-03

publicIAV|A/swine/Oklahoma/A02711706/2022|H3|Swine|USA|3.2010.1|2022-03-09

publicIAV|A/swine/Ill inois/A02750653/2022|H3N2|Swine|USA|3.2010.1|2022-06-14

variant|A/West_Virginia/25/2022|H3N2|Human|USA|3.2010.1|2022-08-01

publicIAV|A/swine/Iowa/A02750654/2022|H3N2|Swine|USA|3.2010.1|2022-06-15

publicIAV|A/swine/Iowa/A02636674/2022|H3N2|Swine|USA|3.2010.1|2022-05-09

publicIAV|A/swine/Texas/A02246911/2022|H3|Swine|USA|3.2010.1|2022-01-06

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

publicIAV|A/swine/Minnesota/A02711805/2022|H3N2|Swine|USA|3.2010.1|2022-04-14

variant|A/Ohio/15/2017|H3N2|human|USA|3.2010.1|2017-07-16

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

publicIAV|A/swine/Minnesota/A02711825/2022|H3N2|Swine|USA|3.2010.1|2022-05-09

publicIAV|A/swine/Iowa/A02750626/2022|H3N2|Swine|USA|3.2010.1|2022-05-23

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

publicIAV|A/swine/Iowa/A02711712/2022|H3N2|Swine|USA|3.2010.1|2022-03-21

publicIAV|A/swine/Iowa/A02636488/2022|H3N2|Swine|USA|3.2010.1|2022-02-11

variant|lab-21-b|A/Indiana/27/2018|H3N2|Swine|USA|3.2010.1|2018

publicIAV|A/swine/Iowa/A02750628/2022|H3N2|Swine|USA|3.2010.1|2022-05-25

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

publicIAV|A/swine/Iowa/A02636396/2022|H3N2|Swine|USA|3.2010.1|2022-01-27

publicIAV|A/swine/Texas/A02711824/2022|H3N2|Swine|USA|3.2010.1|2022-05-06

publicIAV|A/swine/Texas/A02636569/2022|H3N2|Swine|USA|3.2010.1|2022-03-17

publicIAV|A/swine/Texas/A02710697/2022|H3|Swine|USA|3.2010.1|2022-01-21

variant|A/Ohio/20/2017|H3N2|human|USA|3.2010.1|2017-07-17

variant|A/Ohio/14/2017|H3N2|human|USA|3.2010.1|2017-07-16

publicIAV|A/swine/Oklahoma/A02711708/2022|H3|Swine|USA|3.2010.1|2022-03-10

publicIAV|A/swine/Minnesota/A02711811/2022|H3N2|Swine|USA|3.2010.1|2022-04-22

publicIAV|A/swine/Oklahoma/A02711828/2022|H3N2|Swine|USA|3.2010.1|2022-05-06

publicIAV|A/swine/Indiana/A02750649/2022|H3N2|Swine|USA|3.2010.1|2022-06-10

publicIAV|A/swine/Missouri/A02636459/2022|H3N2|Swine|USA|3.2010.1|2022-02-02

variant|A/West_Virginia/24/2022|H3N2|Human|USA|3.2010.1|2022-08-01

publicIAV|lab-22-b|A/swine/Utah/A02524953/2020|H3N2|Swine|USA|3.2010.1|2020-12-03

publicIAV|A/swine/Kansas/A02711802/2022|H3N2|Swine|USA|3.2010.1|2022-04-07

publicIAV|A/swine/Iowa/A02636382/2022|H3N2|Swine|USA|3.2010.1|2022-01-12

variant|A/Ohio/06/2021|H3N2|Human|USA|3.2010.1|2021-10-10

publicIAV|A/swine/Kentucky/A02636479/2022|H3N2|Swine|USA|3.2010.1|2022-02-07

publicIAV|A/swine/Iowa/A02636495/2022|H3N2|Swine|USA|3.2010.1|2022-02-16

publicIAV|A/swine/Iowa/A02636369/2022|H3N2|Swine|USA|3.2010.1|2022-01-10

publicIAV|A/swine/Kentucky/A02636480/2022|H3N2|Swine|USA|3.2010.1|2022-02-07

publicIAV|A/swine/Texas/A02711707/2022|H3|Swine|USA|3.2010.1|2022-03-10

publicIAV|A/swine/Oklahoma/A02246912/2022|H3|Swine|USA|3.2010.1|2022-01-06

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

publicIAV|A/swine/Texas/A02711804/2022|H3|Swine|USA|3.2010.1|2022-04-08

variant|A/Ohio/23/2017|H3N2|human|USA|3.2010.1|2017-07-19

variant|A/Ohio/22/2017|H3N2|human|USA|3.2010.1|2017-07-18

publicIAV|A/swine/Kansas/A02750656/2022|H3N2|Swine|USA|3.2010.1|2022-06-16

publicIAV|A/swine/Texas/A02711823/2022|H3N2|Swine|USA|3.2010.1|2022-05-06

publicIAV|A/swine/Iowa/A02636597/2022|H3N2|Swine|USA|3.2010.1|2022-03-22

publicIAV|A/swine/Iowa/A02636448/2022|H3N2|Swine|USA|3.2010.1|2022-01-28

publicIAV|A/swine/Ohio/A02750648/2022|H3N2|Swine|USA|3.2010.1|2022-06-09

variant|A/Ohio/17/2017|H3N2|human|USA|3.2010.1|2017-07-18

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

publicIAV|lab-22-b|A/swine/Iowa/A02636476/2022|H3N2|Swine|USA|3.2010.1|2022-02-07
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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 HA1 region. The strains are colored in 
consistence with Figure 10. 

 

publicIAV|A/swine/Iowa/A02636647/2022|H3N2|Swine|USA|3.1990.4.a|2022-04-20

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

publicIAV|A/swine/Indiana/A02636368/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-10

publicIAV|A/swine/Minnesota/A02711696/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-07

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

publicIAV|A/swine/Iowa/A02636498/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-17

variant|A/Iowa/03/2021|H3N2|Human|USA|3.1990.4.a|2021-08-11

publicIAV|A/swine/North_Carolina/A02636574/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-16

publicIAV|A/swine/Iowa/A02636362/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-05

publicIAV|A/swine/Iowa/A02636358/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-03

publicIAV|A/swine/Indiana/A02636520/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-22

publicIAV|A/swine/Indiana/A02750620/2022|H3N2|Swine|USA|3.1990.4.a|2022-05-27

publicIAV|A/swine/Iowa/A02636640/2022|H3N2|Swine|USA|3.1990.4.a|2022-04-11

publicIAV|A/swine/North_Carolina/A02636370/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-05

publicIAV|A/swine/Minnesota/A02636470/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-04

publicIAV|A/swine/North_Carolina/A02711812/2022|H3N2|Swine|USA|3.1990.4.a|2022-04-27

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

publicIAV|A/swine/Iowa/A02636493/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-15

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

Consensus_3.1990.4.a

publicIAV|A/swine/Pennsylvania/A02636577/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-16

variant|A/Indiana/10/2011|H3N2|Human|USA|3.1990.4.a|2011-10-22

publicIAV|A/swine/Pennsylvania/A02636531/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-28

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

publicIAV|A/swine/Indiana/A02750638/2022|H3N2|Swine|USA|3.1990.4.a|2022-06-08

publicIAV|A/swine/Iowa/A02711711/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-17

publicIAV|A/swine/Iowa/A02636612/2022|H3N2|Swine|USA|3.1990.4.a|2022-04-04

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

publicIAV|A/swine/Indiana/A02636329/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-17

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

publicIAV|A/swine/Iowa/A02636485/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-10

publicIAV|A/swine/Iowa/A02636332/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-11

publicIAV|A/swine/Iowa/A02636356/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-05

publicIAV|A/swine/Iowa/C39563/2022|H3N2|Swine|USA|3.1990.4.a|2022-04-22

publicIAV|A/swine/Iowa/A02636596/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-22

publicIAV|A/swine/Iowa/A02636489/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-14

publicIAV|A/swine/Ohio/A02636535/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-23

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

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

publicIAV|A/swine/Pennsylvania/A02750641/2022|H3N2|Swine|USA|3.1990.4.a|2022-06-14

publicIAV|A/swine/Iowa/A02636490/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-14

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

publicIAV|A/swine/Illinois/A02636634/2022|H3N2|Swine|USA|3.1990.4.a|2022-04-12

publicIAV|A/swine/Iowa/A02636593/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-31

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

publicIAV|A/swine/North_Carolina/A02636571/2022|H3N2|Swine|USA|3.1990.4.a|2022-03-16

publicIAV|A/swine/Iowa/A02636538/2022|H3N2|Swine|USA|3.1990.4.a|2022-02-25

publicIAV|A/swine/Iowa/A02636431/2022|H3N2|Swine|USA|3.1990.4.a|2022-01-21
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