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In this document we present a summary of H1 and H3 swine influenza A virus evolution.  
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Swine influenza A viruses: Acknowledgements and Methods 
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Phylogenetic and sequence analyses were performed at NADC and RVC. 
 
Brief Methods for Genetic and Antigenic Analyses 
Analyses were conducted by subtype and lineage or clade. Reference sequences and new data 
(deposited Jan 1, 2021 – June 30, 2021) 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). An HA1 consensus sequence was generated for each contemporary 
clade and the best matched strain was selected for testing against reference ferret antisera in 
hemagglutination inhibition (HI) assays. All HI assays were performed with ferret anti-sera and guinea 
pig red blood cells. H3N2 assays were performed with the addition of oseltamivir. 
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Global influenza A events in swine 
 
Epidemiology 

 
 
Figure 1. MicroReact map of swine IAV H1 HA genes colored by phylogenetic clade for sequences 
collected January 1 2021 – June 30 2021 (n=258); collection date is represented on bottom timeline. 
Strains submitted with only partial date were assigned a random date to preserve temporal clusters.  
 
 

 
 
Figure 2. MicroReact map of swine IAV H1 HA genes colored by phylogenetic clade for sequences 
deposited to GISAID or GenBank between January 1, 2021 – June 30, 2021 (n=651), data were 
subsequently filtered to display sequences that were collected between July 1, 2019 – June 30, 2021 
(n=373). Strains submitted with only partial date were assigned a random date within the provided 
year to preserve temporal clusters. For visualization, the insert demonstrates data in Europe. 
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 January 1, 2021 – June 30, 2021 (n=125); collection date is represented along bottom 
timeline. Strains submitted with only partial date were assigned a random date to preserve temporal 
clusters. 
 
 

 
 
Figure 4. MicroReact map of swine IAV H3 HA genes colored by phylogenetic clade for sequences 
deposited to GISAID or GenBank between January 1, 2021– June 30, 2021 (n=179), data were 
subsequently filtered to display sequences that were collected between July 1, 2019 – June 30, 2021 
(n=161). 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 new data (deposited 
January 1, 2021 – June 30, 2021) from GISAID or shared via the OFFLU swine IAV working group.  
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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 
new data (deposited January 1, 2021 – June 30, 2021) to GISAID or shared via the OFFLU swine 
IAV working group. 
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Regional geographic summary 
 
Phylogenetic analysis identified twenty-nine genetic clades from H1 and H3 IAV in swine reported 
January 1, 2021 – June 30, 2021. Eighteen clades were H1 subtype, with detections from each of 
the lineages: 1A classical swine lineage (n=8); 1B human-seasonal lineage (n=6); and 1C 
Eurasian avian lineage (n=4). Eleven clades were within six distinct lineages derived from human 
seasonal H3 virus spillovers: these lineages are grouped by the decade of introduction into swine 
(1970.1; 1990.1, 1990.4, and 1990.6; 2010.1; 2010.2). The 1990.4 lineage diversified into six 
cocirculating genetic 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; and 1A.5 HA genes in Japan. The 
1A.3.3.2/pdm circulated in all countries that submitted sequence data during this period. 

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

• The 1C Eurasian avian lineage was in Europe and Asia. Recent 1C diversification 
warranted the naming of two additional genetic clades: 1C.2.4 detected in Italy, France, 
and Russia; and 1C.2.5 detected in Italy. The 1C.2.1 and 1C.2.2 clades were throughout 
Europe (Belgium, Italy, France, Germany, Netherlands). There were no new sequence 
data reported from the HA clade 1C.2.3 in China.  

• Data from Japan includes two newly identified lineages with four novel genetic clades. 
1A.5: a classical swine lineage clade that diversified into three cocirculating genetic clades. 
1990.6: a human-to-swine H3 transmission in the 1990s.  

• The H3 1990.1, 2010.1, and 2010.2 clades only detected in the USA, the H3 1970.1 clade 
in Europe, the 1990.6 lineage in Japan. The 1990.4 lineage circulates in the USA, Canada, 
and Mexico. 

• Genetic and antigenic characterization in this report period include unique global H1 and 
H3 HA genes from under-surveilled areas outside the report window: H1 1A.2 (Canada); 
1A.3.3.3 (South Korea); 1B.2.3 (Brazil); H1 1B.2.4 (Brazil); 1B.2.5 (Chile); 1C.2.3 (South 
Korea). H3 1990.4a (South Korea), 1990.4 (Canada), 1990.4.b2 (Canada), 1990.4.c 
(Canada).  

 
During this reporting period (January 1 2021 to June 30 2021), variant cases included with 
the swine analyses were reported in: 

• USA: H3N2v (1 2010.1; 1 1990.4a); H1N1v (1 1A.3.3.2, 2 1A.3.3.3); H1N2v (1 no 
sequence) 

• Canada: H3N2v (3.1990.4.i); H1N1v (1A.3.3.2); H1N2v (1A.1.1)  
• Denmark: H1N1v (1A.3.3.2)  
• Germany: H1N1v (1C.2.1) 
• China: H1N1v (4 1C.2.3) 
• Australia: H3N2v (1990-like) 

 
*Additional variant cases were reported after this reporting period, and will be included in 
subsequent reports. Analyses with available data are summarized in Annex 2. 
*New swine data combined with variant detections require updates to the swine H1 clade 
nomenclature and automated tool on fludb.org. The updates are in progress. 
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Figure 7. Swine H1 HA genes of the 1A lineage (tree was proportionally down sampled to 98 swine 
HA genes from 465): detections of each clade from data deposited between January 1 to June 30 
2021 are presented adjacent to the clade name.  
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offlu-vcm|lab-21-a|A/swine/Quebec/NCFAD-06-6/2020|H1|Swine|CAN|1A.1.1|2020

Consensus_1A.5.2_2018-present

publicIAV|A/swine/Minnesota/A02245810/2020|H1N1|Swine|USA|1A.3.3.3|2020-11-19

offlu-vcm|lab-21-b|A/swine/Tochigi/81-504/2021|H1N2|Swine|JPN|1A.5.1|2021-04-07

Consensus_1A.4_2019-present

publicIAV|A/swine/Iowa/A02525265/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-16

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

variant|A/Missouri/04/2006|H1N1|Human|USA|1A.2|2006-01-05

publicIAV|A/swine/Georgia/A01104143/2020|H1N2|Swine|USA|1A.1.1|2020-11-01

publicIAV|A/swine/Gunma/7-6448/2019|H1N2|Swine|JPN|1A.5.3|2019-01-15

publicIAV|A/swine/North_Carolina/A02525052/2021|H1N1|Swine|USA|1A.3.3.2|2021-01-05

Consensus_1A.5.1_2019-present

CVV|lab-21-b|A/Ohio/24/2017|H1N2|Human|USA|1A.1.1|2017-07-25

publicIAV|A/swine/Indiana/A01812312/2020|H1N1|Swine|USA|1A.3.3.3|2020-10-15

publicIAV|A/swine/Gunma/7-4301/2017|H1N2|Swine|JPN|1A.5.3|2017-04-19

huVaccine|lab-21-b|A/Wisconsin/588/2019|H1N1|Human|USA|6B1.A-5A2|2019-12-19

publicIAV|A/swine/Chiba/1-4656/2017|H1N1|Swine|JPN|1A.5.1|2017-04-30

publicIAV|A/swine/Gunma/9-5603/2018|H1N2|Swine|JPN|1A.5.2|2018-01-24

offlu-vcm|A/swine/QC/N2021-043-188/2021|H1N1|Swine|CAN|1A.2|2021-01-19

publicIAV|A/swine/Chiba/1-4657/2017|H1N1|Swine|JPN|1A.5.1|2017-04-30

publicIAV|A/swine/Belgium/Gent-235/2019|H1N2|Swine|BEL|1A.3.3.2|2019-01-01

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

publicIAV|lab-21-b|A/swine/Gunma/12-5959/2018|H1N2|Swine|JPN|1A.5.2|2018-10-08

Consensus_1A.1.1_Dec2020-present

publicIAV|A/swine/Gunma/9-4154/2017|H1N2|Swine|JPN|1A.5.2|2017-01-10

publicIAV|A/swine/Gunma/6-6764/2019|H1N2|Swine|JPN|1A.5.3|2019-05-14

1A classical swine lineage

H1 1A swine genetic 
clades

# HI tested viruses

H1v candidate vaccine virus
A/Wisconsin/588/2019
H1N1pdm seasonal vaccines
Reported H1v cases

Consensus sequence

1A.1.1 (n=27)

1A.2 (n=3)
1A.4/LAIV (n=2)

1A.3.3.2/pdm (n=121)
1A.3.3.3 (n=120)

1A.5.3 (n=79)
1A.5.2 (n=23)
1A.5.1 (n=65)

#

#

#

#

#

Requested/pending HI

Closest to
A/Wisconsin/04/2021 and
A/Wisconsin/05/2021 H1v cases

# 



   

10 

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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in
/5

88
/2

01
9 

A
/O

hi
o/

9/
20

15
 C

VV
R

G
48

A
 

IDCDC-RG59 A/Ohio/24/2017-like 
CVV 1A.1.1 alpha-del H1N2v 640 <10 10 

A/swine/Illinois/A02524514/2020 1A.1.1 alpha-del H1N2 <10 <10 <10 
      

rg-A/swine/Quebec/N2020-6-2/2020* 1A.2 beta H1N1 10 <10 20 

      

A/Wisconsin/588/2019 6B1.A-5A2 1A.3.3.2 H1N1 pdm09 <10 1280 20 

A/swine/Iowa/A02524480/2020 1A.3.3.2 H1N1 pdm09 20 80 <10 

      

A/Ohio/9/2015 CVV 1A.3.3.3 gamma.1 H1N1v <10 10 320 

A/swine/Minnesota/A02245409/2020 1A.3.3.3 gamma.3 H1N1 <10 40 40 

rg-A/swine/South Korea/KS60/2016* 1A.3.3.3 gamma H1N2 10 10 10 

Reference CVV in red, seasonal vaccine strains in dark red, new swine strains in bold. Homologous 
titers highlighted in grey. *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 contemporary Canada 1A.2 (beta) does not have a CVV contained within clade and 

demonstrated limited reactivity to 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-5A2 vaccine strain.  
• The contemporary swine 1A.3.3.3-clade 3 virus had an 8-fold decrease and a 1A.3.3.3 from South 

Korea had a 32-fold decrease in cross-reactivity with the 1A.3.3.3-clade 1 CVV A/Ohio/09/2015.  

• > 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/
C

al
ifo

rn
ia

/7
/2

00
9 

A/
M

ic
hi

ga
n/

45
/2

01
5 

A/Brisbane/02/2018 1A.3.3.2 320 320 160 

A/California/4/2009 1A.3.3.2 160 320 80 

A/Michigan/45/2015 1A.3.3.2 80 80 80 
     

A/Denmark/1/2021 1A 3.3.2 40 80 40 

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

• The swine variant 1A.3.3.2 strain demonstrate reduced cross-reactivity to A/Brisbane/02/2018 
and A/California/7/2009 and good cross-reactivity to A/Michigan/45/2015. 

  

• > 8 fold reduction 
• 8 fold reduction 
• 4 fold reduction 
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Table 3. Amino acid substitutions between recent swine 1A.1.1 lineage strains compared to the 
nearest CVV (A/Ohio/24/2017|CVV|1A.1.1). 
 

site A
/O

hi
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24
/2

01
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A
/s

w
in

e/
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s/
A

02
52

45
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/2
02

0  

An
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48 A S   
132 V E RBS 
138 D Y   
141 A Q   
149 I M   
155 G D Sa 
156 N D Sb 
170 R G Ca2 
209 E K   
224 T A RBS 
252 K R   
310 T R   
311 K R   

aadiff   13   
*Reference CVV in red, swine strains in black 
  



   

13 

Table 4. Amino acid substitutions between 1A.2 compared to the nearest human H1 vaccine 
(A/Wisconsin/588/2019) in HI assays and the most similar vaccine (A/California/07/2009). 
 

Relative to HI  
Relative to most similar 

vaccine 

site A
/W

is
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/5
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e/
Q

ue
be

c/
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-
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site A
/C
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/0
7/

20
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A
/s

w
in

e/
Q
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be

c/
N

20
20

-6
-

2/
20

20
 

An
no

ta
tio

ns
 

35 D N    35 D N   
61 I L    61 I L   
71 S F    71 S F   
73 A R Cb  73 A R Cb 
83 S P    74 S R   
85 S P    84 S N   

104 Q H    85 S P   
109 S L    97 D N   
120 T A    104 Q H   
121 S N    109 S L   
128 S T    120 T A   
129 D N    121 S N   
130 N K    128 S T   
137 P S    137 P S   
138 H Y    138 H Y   
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   
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186 A T    224 E A RBS 

190 S T 
Sb, 
RBS  234 V I   

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. USA: Amino acid substitutions between recent swine 1A.3.3.2 lineage strains compared to 
the prior human seasonal H1 vaccine strain (A/Wisconsin/588/2019) used in HI assays. 
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En
gl

an
d/

03
17
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24
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A
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2/
20
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An
no

ta
tio

ns
 

19 V     I       
45 R         G   
54 K     N       
69 S   L       Cb 

113 R       K     
129 D N N N N N   
130 N K K K K K   
137 P       S     
156 K N N N N N Sb 
161 I L L L L L   
168 D   N         
173 V       I     
185 I T T T T T   
216 T E E         
223 Q         R RBS 
233 L I I I       
250 A V V V V V   
260 D N N N N N   
278 T   I         
282 P         A   
298 I         V   
313 R     K       

aadiff   9 12 11 10 11   
*Reference human seasonal vaccine in gray, swine strains in black 
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Table 6. Amino acid substitutions between recent swine 1A.3.3.3 and 1A.3.3.3-c3 lineage strain 
compared to the nearest CVV (A/Ohio/09/2015|CVV|1A.3.3.3). 
 

site A
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sw

in
e/
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M
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An
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2 K T T   
3 I L L   

35 N D     
36 K R R   
38 N D     
40 K R     
48 X A A   
71 A S S   
83 S   P   
84 S N N   
86 N   E   

113 K R R   
119 K N     
120 T A A   
127 E T D   
129 N D     
130 K   R   
137 P   S   
141 T K     
142 N P     
146 K   R   
149 I   V   
153 K   Q Sb 
155 E R G Sa 
159 P Q   Sa 
161 I   V   
162 N S   Sa 



   

17 

163 I K K Sa 
166 T   I Ca1 
169 R K     
170 G   E Ca2 
178 A G     
183 P S S   
184 T N     
186 T D A   
189 Q R   Sb, RBS 
190 S V   Sb, RBS 
193 Q   K Sb, RBS 
195 A E   Sb, RBS 
196 N   D   
197 S A A   
205 R   K   
208 R K     
211 E T     
222 G   D RBS 
224 A E   RBS 
250 V A A   
269 E   D   
270 T A     
271 P S S   
278 T N     
283 N K     
302 E K     
321 I T     

aadiff   39 31   
*Reference CVV in red, swine strains in black 
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Table 7. Amino acid substitutions between recent swine 1A.5.1 lineage strain and the most similar 
vaccine (A/California/04/2009). 
 

site A
/C

al
ifo

rn
ia

/0
4/
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09

 

A/
sw
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e/

To
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i/8

1 -
50
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sw

in
e/

G
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A
/M
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A
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/0

2/
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An
no

ta
tio

ns
 

2 T I I       
19 V I I       
36 K T T       
39 G E E       
45 R       G   
47 V M M       
54 K R R       
56 N T         
61 I L L       
72 T S N     Cb 
73 A V V     Cb 
74 S       R   
83 P S S S S   
84 S N N N N   
87 N Y         
94 D E         
96 I S S       
97 D N N N N   

119 K N N       
120 T A A       
124 P   T     Sa 
127 D K T       
128 S T T       
129 N D D       
130 K T T       
137 P S S       
138 H K K       
139 A S S       
141 A K K       
142 K S R       
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152 V L L       
156 N D D     Sb 
161 L I I       
162 S     N N Sa 
163 K     Q Q Sa 
164 S       T Sa 
166 I   V     Ca1 
168 D   N       
173 V I I       
183 S P P   P   
185 S N   T T   
186 A D D       
187 D S S     RBS 
189 Q R R     Sb, RBS 
190 S W W     Sb, RBS 
191 I L L L L RBS 
195 A E E     Sb, RBS 
196 D N N       
197 T     A A   
203 S T T T T   
205 R T T       
207 S   N       
208 K Q Q       
210 F   I       
211 K M M       
216 I E E T T   
223 Q     R R RBS 
224 E A A     RBS 
239 K T T       
250 V   A       
256 A     T T   
257 M V V       
258 E D D       
260 N G G       
261 A S S       
270 T V V       
272 V L L       
273 H   Y       
274 D N N       
276 N T T       
278 T E E       
282 P       A   
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283 K     E E   
295 I V V   V   
298 I V V   V   
302 K E E       
310 T A A       
314 L M M       
321 I     V V   

aadiff   61 64 14 21   
*Reference CVV in red, swine strains in black 
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Table 8. Amino acid substitutions between recent swine 1A.5.2 lineage strain and the most similar 
vaccine (A/California/04/2010). 
 

site A
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4/
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A
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45
/2
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9 A S S       
19 V I         
35 D T T       
36 K T T       
45 R G G       
47 V K K       
61 I V         
68 E G         
69 S I I     Cb 
70 L T       Cb 
71 S P P       
72 T   A     Cb 
83 S     P     
84 S N N   N   
96 I A A       
97 D N N   N   

108 V M M       
113 R Q Q       
125 N H H     Sa 
127 D E E       
128 S T T       
141 A T T       
146 K R R       
162 S       N Sa 
163 K       Q Sa 
166 I V V     Ca1 
168 D N N       
183 S P P       
185 S       T   
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186 A T T       
191 L     I   RBS 
195 A N N     Sb, RBS 
197 A T T T     
203 T     S     
205 R T T       
211 K T M       
216 I A A   T   
223 Q       R RBS 
224 E A A     RBS 
234 V I I       
239 K T T       
256 A       T   
258 E N N       
260 N G G       
261 A S S       
264 G S         
267 I N N       
270 T V V       
272 V L L       
276 N T         
278 T K K       
283 K       E   
286 I L L       
298 I V V       
302 K E E       
314 L M M       
321 V     I     

aadiff   46 41 5 9   
*Reference CVV in red, swine strains in black 
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Table 9. Amino acid substitutions between recent swine 1A.5.3 lineage strain and the most similar 
vaccine (A/California/07/2009). 
 

site A
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sw
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An
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2 T M M       
35 D T T       
36 K T T       
45 R E E   G   
47 V M M       
69 S I I     Cb 
73 A V V     Cb 
74 S N N   R   
83 P     S S   
84 S N N N N   
96 I A S       
97 D N N N N   

120 T S S       
125 N L L     Sa 
127 D E E       
128 S T T       
137 P S S       
141 A T T       
142 K   N       
146 K R         
156 N T T     Sb 
162 S N N N N Sa 
163 K     Q Q Sa 
164 S       T Sa 
166 I V V     Ca1 
183 S P P   P   
185 S     T T   
186 A T T       
195 A N N     Sb, RBS 
197 A S P       
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203 S     T T   
205 R T T       
208 K R R       
211 K T T       
212 P I I       
216 I A S T T   
223 Q     R R RBS 
224 E A A     RBS 
239 K T T       
256 A     T T   
258 E N N       
260 N G G       
261 A S S       
270 T V M       
272 V L L       
278 T K K       
282 P       A   
283 K     E E   
286 I L L       
295 I V V   V   
298 I       V   
302 K E E       
310 T A A       
314 L M M       
321 I V V V V   

aadiff   44 44 12 19   
*Reference CVV in red, swine strains in black 
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Figure 8. Swine H1 HA genes of the 1B lineage (tree was proportionally down sampled to 72 swine 
HA genes from 178): detections of each clade from data deposited between January 1 to June 30, 
2021 are presented adjacent to the clade name. 
  

0.02

publicIAV|lab-21-a|A/swine/Ill inois/A02139356/2018|H1N2|Swine|USA|1B.2.1|2018-01-03

Consensus_1B.2.2.1_Dec2020-present

Consensus_1B.2.2.2_Dec2020-present
publicIAV|A/swine/Oklahoma/A02245879/2021|H1N2|Swine|USA|1B.2.2.2|2021-02-02

publicIAV|A/swine/Colorado/A02245827/2020|H1N2|Swine|USA|1B.2.2.1|2020-12-09

publicIAV|A/swine/North_Carolina/A02525213/2021|H1N2|Swine|USA|1B.2.1|2021-03-02

publicIAV|A/swine/Illinois/A02525322/2021|H1N2|Swine|USA|1B.2.2.2|2021-03-30

Consensus_1B.2.1_Dec2020-present

SwReference|A/swine/Brazil/213_14-8/2014|H1N2|Swine|BRA|1B.2.4|2014-11-01

publicIAV|A/swine/Iowa/A02525361/2021|H1N2|Swine|USA|1B.2.2.1|2021-04-09

publicIAV|A/swine/Iowa/A02245857/2020|H1N2|Swine|USA|1B.2.2.2|2020-12-15

publicIAV|A/swine/Iowa/A02524985/2020|H1N2|Swine|USA|1B.2.1|2020-12-14

publicIAV|A/swine/Illinois/A02525018/2020|H1N2|Swine|USA|1B.2.2.2|2020-12-21

publicIAV|A/swine/North_Carolina/A02635735/2021|H1N2|Swine|USA|1B.2.1|2021-04-23

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

publicIAV|A/swine/North_Carolina/A02525120/2021|H1N2|Swine|USA|1B.2.1|2021-01-21

publicIAV|A/swine/North_Carolina/A02525286/2021|H1N2|Swine|USA|1B.2.1|2021-03-17

huVaccine|A/Solomon_Islands/03/2006|H1N1|Human|SLB|2006-08-21

publicIAV|A/swine/Illinois/A02524941/2020|H1N2|Swine|USA|1B.2.2.1|2020-12-01

huReference|A/Michigan/2/2003|H1N2|Human|USA|Other-Human-1B.2.2|2003

publicIAV|A/swine/Iowa/A02245830/2020|H1N2|Swine|USA|1B.2.1|2020-12-14

publicIAV|lab-21-a|A/swine/Iowa/A02478968/2020|H1N2|Swine|USA|1B.2.2.1|2020-01-02

huVaccine|A/Brisbane/59/2007|H1N1|Human|AUS|2007-01-01

publicIAV|A/swine/Texas/A02635790/2021|H1N2|Swine|USA|1B.2.2.2|2021-05-06

syntheticIAV|lab-21-b|A/swine/Brazil/091-18-14/2018|H1N2|Swine|BRA|1B.2.4|2018

huVaccine|lab-21-b|A/Chile/1/1983|H1N1|Human|CHL|1983-01-01

publicIAV|A/swine/Iowa/A02525353/2021|H1N2|Swine|USA|1B.2.1|2021-04-07

publicIAV|A/swine/Minnesota/A02245783/2020|H1N2|Swine|USA|1B.2.1|2020-11-13

publicIAV|A/swine/Indiana/A02524931/2020|H1N2|Swine|USA|1B.2.1|2020-12-01

publicIAV|A/swine/Minnesota/A01678652/2021|H1N2|Swine|USA|1B.2.2.2|2021-05-17

huVaccine|A/New_Caledonia/20/99|H1N1|Human|NCL|1999-01-01

publicIAV|A/swine/Michigan/A02635726/2021|H1N2|Swine|USA|1B.2.1|2021-04-21

publicIAV|A/swine/Missouri/A02524969/2020|H1N2|Swine|USA|1B.2.1|2020-12-09

publicIAV|A/swine/Pennsylvania/A02525330/2021|H1N2|Swine|USA|1B.2.1|2021-04-01

syntheticIAV|lab-21-b|A/swine/Rancagua/VN1401-2894/2017|H1N2|Swine|CHL|1B.2.5|2017-08-18

huVaccine|A/Singapore/6/1986|H1N1|Human|SGP|1986-01-01

publicIAV|A/swine/Nebraska/A01378047/2021|H1N2|Swine|USA|1B.2.2.2|2021-01-28

publicIAV|lab-20-a|A/swine/Minnesota/A02478597/2019|H1N2|Swine|USA|1B.2.2.2|2019-07-22

publicIAV|A/swine/Minnesota/A02245788/2020|H1N2|Swine|USA|1B.2.1|2020-11-17

SwReference|A/swine/Chile/36/2014|H1N2|Swine|CHL|1B.2.5|2014-07-22

SwReference|A/swine/Brazil/217_15/2015|H1N1|Swine|BRA|1B.2.3|2015-08-01

publicIAV|A/swine/North_Carolina/A02524950/2020|H1N2|Swine|USA|1B.2.1|2020-12-10

publicIAV|A/swine/Nebraska/A02524932/2020|H1N2|Swine|USA|1B.2.1|2020-12-04

publicIAV|A/swine/Iowa/A02635722/2021|H1N2|Swine|USA|1B.2.1|2021-04-22

SwReference|A/swine/Brazil/004_16-1/2015|H1N2|Swine|BRA|1B.2.4|2015-11-01

publicIAV|A/swine/Minnesota/A02525359/2021|H1N2|Swine|USA|1B.2.1|2021-04-08

publicIAV|A/swine/Illinois/A02525086/2021|H1N2|Swine|USA|1B.2.2.1|2021-01-14

publicIAV|A/swine/Iowa/A02525385/2021|H1N2|Swine|USA|1B.2.2.1|2021-04-14

publicIAV|A/swine/Iowa/A02525022/2020|H1N2|Swine|USA|1B.2.1|2020-12-29

publicIAV|A/swine/Iowa/A02525377/2021|H1N2|Swine|USA|1B.2.2.1|2021-04-13

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

publicIAV|A/swine/Michigan/A02525321/2021|H1N2|Swine|USA|1B.2.2.2|2021-03-30

publicIAV|A/swine/Minnesota/A02524992/2020|H1N2|Swine|USA|1B.2.1|2020-12-15

publicIAV|A/swine/Iowa/A02525072/2021|H1N2|Swine|USA|1B.2.1|2021-01-12

publicIAV|A/swine/Minnesota/A02524966/2020|H1N2|Swine|USA|1B.2.1|2020-12-07

publicIAV|A/swine/Texas/A02245877/2021|H1N2|Swine|USA|1B.2.2.2|2021-01-28

publicIAV|A/swine/Illinois/A02525300/2021|H1N2|Swine|USA|1B.2.2.2|2021-03-24

publicIAV|A/swine/Iowa/A02635703/2021|H1N2|Swine|USA|1B.2.1|2021-04-19

huVaccine|A/Bayern/7/1995|H1N1|Human|DEU|1995-01-01

publicIAV|A/swine/Minnesota/A02245871/2021|H1N2|Swine|USA|1B.2.1|2021-01-11

offlu-vcm|lab-20-b|A/swine/England/062058/2018|H1N2|Swine|GBR|1B.1.1|2018

publicIAV|A/swine/Illinois/A02525231/2021|H1N2|Swine|USA|1B.2.2.2|2021-03-03

syntheticIAV|lab-21-b|A/swine/Brazil/274-18/2018|H1N2|Swine|BRA|1B.2.3|2018

publicIAV|A/swine/North_Carolina/A02525248/2021|H1N2|Swine|USA|1B.2.1|2021-03-05

variant|A/Colorado/16/2017|H1N2|Human|USA|1B.2.2.1|2017-10-19

publicIAV|A/swine/Illinois/A02525024/2020|H1N2|Swine|USA|1B.2.2.2|2020-12-28

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

variant|A/Parana/720/2015|H1N2|Human|BRA|1B.2.4|2015-11-27

Consensus_1B.1.1_2018-present

variant|A/Parana/3625/2020|H1N2|Human|BRA|1B.2.3|2020-04-14

publicIAV|lab-21-a|A/swine/Iowa/A02524534/2020|H1N2|Swine|USA|1B.2.2.2|2020-08-12

CVV|lab-21-b|A/Michigan/383/2018|H1N2|Human|USA|1B.2.1|2018-07-31

publicIAV|A/swine/Indiana/A02525077/2021|H1N2|Swine|USA|1B.2.2.1|2021-01-13

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

offlu-vcm|lab-21-b|A/swine/England/263079/2020|H1N2|Swine|GBR|1B.1.1|2020-10-19

publicIAV|A/swine/Iowa/A02525350/2021|H1N2|Swine|USA|1B.2.1|2021-04-07

offlu-vcm|lab-21-b|A/swine/England/092944/2020|H1N2|Swine|GBR|1B.1.1|2020-09-02

publicIAV|A/swine/Iowa/A02524976/2020|H1N2|Swine|USA|1B.2.1|2020-12-20

publicIAV|A/swine/Minnesota/A02245858/2020|H1N2|Swine|USA|1B.2.1|2020-12-17

publicIAV|A/swine/Iowa/A02525247/2021|H1N2|Swine|USA|1B.2.1|2021-03-09

publicIAV|A/swine/Indiana/A01812315/2021|H1N2|Swine|USA|1B.2.1|2021-04-05

publicIAV|lab-20-b|A/swine/Colorado/A02245414/2020|H1N2|Swine|USA|1B.2.2.2|2020-02-06

publicIAV|A/swine/Pennsylvania/A02525055/2021|H1N2|Swine|USA|1B.2.1|2021-01-04

huVaccine|A/USSR/90/77|H1N1|Human|RUS|1977-01-01

publicIAV|A/swine/Iowa/A02635763/2021|H1N2|Swine|USA|1B.2.1|2021-04-29

publicIAV|A/swine/Iowa/A02524406/2020|H1N2|Swine|USA|1B.2.1|2020-12-03

huVaccine|A/Beijing/262/1995|H1|Human|CHN|1995-01-01

publicIAV|A/swine/Indiana/A01812313/2020|H1N2|Swine|USA|1B.2.2.1|2020-10-13

CVV|lab-21-b|A/Iowa/32/2016|H1N2|Human|USA|1B.2.2.1|2016-11-04

publicIAV|A/swine/Iowa/A02525114/2021|H1N2|Swine|USA|1B.2.2.1|2021-01-25

huVaccine|A/Brazil/11/1978|H1N1|Human|BRA|1978-01-01

publicIAV|A/swine/Indiana/A02525188/2021|H1N2|Swine|USA|1B.2.2.1|2021-02-18

publicIAV|lab-21-b|A/swine/Wyoming/A02525343/2021|H1N2|Swine|USA|1B.2.2.1|2021-04-05

publicIAV|A/swine/Iowa/A02524989/2020|H1N2|Swine|USA|1B.2.2.2|2020-12-16

publicIAV|A/swine/North_Carolina/A02245885/2021|H1N2|Swine|USA|1B.2.1|2021-03-02

H1 1B swine genetic 
clades

H1v candidate vaccine virus
A/Brisbane/59/2007
Previous seasonal H1N1 vaccine
Reported H1v cases

# HI tested viruses

Consensus sequence

1B human-like lineage

1B.2.2.1 (n=38)

1B.2.1 (n=83)

1B.2.2.2 (n=13)

1B.1.2.2 (n=5)
1B.1.2.1 (n=16)

1B.1.1 (n=2)

1B.2.3 (n=1)

1B.2.4 (n=1)
1B.2.5 (n=1)

#

#

#

#

#

#

Requested/pending HI

Closest to A/Iowa/04/2021 H1v
Closest to A/Ohio/3002857642/2021
H1v
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Antigenic analysis: Swine 1B Lineage 
Table 10. USA Data: Hemagglutination inhibition of CVV vaccine ferret antisera against contemporary 
swine 1B lineage strains selected to represent clade consensus. 
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A
/Io

w
a/

32
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A/Michigan/383/201RG58A 1B.2.1 d2 H1N2v 160 20 

A/swine/Illinois/A02139356/2018  1B.2.1 d2 H1N2 160 10 
     

A/Iowa/32/2016 1B.2.2.1 d1a H1N2v 10 320 

A/swine/Wyoming/A02525343/2021 1B.2.2.1 d1a H1N2 10 80 

A/swine/Iowa/A02524534/2020  1B.2.2.2 d1b H1N2 10 40 

     

rg-A/swine/Brazil/274-18/2018* 1B.2.3 H1N2 160 40 

     

rg-A/swine/Brazil/091-18-14/2018* 1B.2.4 H1N2 80 40 

     

rg-A/swine/Rancagua/VN1401-2894/2017* 1B.2.5 H1N2 <10 20 

Reference CVV in red, new swine strains in bold. Homologous titers highlighted grey. *synthetic 
HA/NA on PR8 backbone.  
 
• The contemporary swine 1B.2.1 (delta-2) was cross-reactive to CVV A/Michigan/383/2018.  
• The contemporary swine 1B.2.2.1 (delta-1a) had a 4-fold decrease from the within clade CVV 

A/Iowa/32/2016.  
• The contemporary swine 1B.2.2.2 (delta-1b) does not have a CVV contained within clade and had 

a significant 8-fold decrease from CVV A/Iowa/32/2016.  
• The Brazil swine 1B.2.3 does not have a within clade CVV but was cross-reactive to CVV 

A/Michigan/383/2018. 
• The Brazil swine 1B.2.4 does not have a within clade CVV but was cross-reactive to CVV 

A/Michigan/383/2018. 
• The Chile swine 1B.2.5 does not have a within clade CVV and demonstrated a significant 16-fold 

decrease from CVV A/Iowa/32/2016 and no reactivity CVV A/Michigan/383/2018. 
  

• > 8 fold reduction 
• 8 fold reduction 
• 4 fold reduction 
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Table 11. UK & EU Data: Hemagglutination inhibition of CVV vaccine ferret antisera against 
contemporary swine 1B lineage strains selected to represent clade 
consensus. 
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A/Michigan/383/2018 1B.2.1 320 40 

A/Chile/1/1983 H1 
seasonal  160 80 

    

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

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

• The contemporary swine 1B.1.2.2 demonstrate poor cross-reactivity to A/Michigan/383/2018 
and good cross-reactivity to A/Chile/1/1983. 

 
  

• > 8 fold reduction 
• 8 fold reduction 
• 4 fold reduction 
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Table 12. Amino acid substitutions between recent swine 1B.2.1 strains compared to the nearest CVV 
(A/Michigan/383/2018). 
 

site A
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21
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18
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tio

ns
 

71 N T   
169 E K   
170 G E Ca2 
173 V I   
259 K R   
260 S G   

aadiff   6   
*Reference CVV in red, swine strains in black 
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Table 13. Amino acid substitutions between recent swine 1B.2.2.1 and 1B.2.2.2 strains compared to 
the nearest CVV (A/Iowa/32/2016). 
 

site A
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32
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1B
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25
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4/
20

20
 

An
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2 T   M   
19 L V V   
50 L   I   
72 S P   Cb 
74 K E     
82 A   T   
85 S   P   
86 D   E   
94 Q   D   
96 T A A   

106 S N     
119 R   K   
129 V   T   
130 T D     
132 K T   RBS 
149 I   V   
153 V   E Sb 
157 L R   Sa 
168 E D N   
170 G   E Ca2 
175 I V     
176 L   I   
183 S   P   
184 N   D   
186 G   E   
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187 D   N RBS 
193 H   R Sb, RBS 
194 T   K RBS 
202 M   A   
208 R K E   
215 T A     
222 D N N 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   
310 T R A   
314 M   L   

aadiff   16 38   
*Reference CVV in red, swine strains in black 
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Table 14. Amino acid substitutions between recent swine 1B.2.3, 1B.2.4, and 1B.2.5 compared to 
the nearest CVV (A/Iowa/32/2016|CVV|1B.2.2.1). A direct comparison to the human seasonal 
vaccine with the highest amino acid similarity A/New Caledonia/20/1999 is included. 

Relative to HI  Relative to nearest vaccine 
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1B
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w
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an
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a/
VN

14
01

-
28

94
/2
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An
no

ta
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ns
 

5 I       V    19 V     I   
19 L V V I V    30 V     I   
30 V     I      40 K   R R   
40 K   R R      43 L S   R   
43 L S   R      45 K     R   
45 K     R      56 S   N     
54 N       S    69 L   S S Cb 
56 S   N        71 I     F   
69 S L     L Cb  74 E   K     
71 I     F N    80 V     A   
74 K E   E E    82 T K K     
80 V     A      89 T A   K   
82 A K K T T    106 S     G   
83 P       S    112 E K   K   
85 S P P P P    125 T N N N Sa 
86 D E E E E    130 -     N   
89 A   T K T    134 A     V RBS 
94 Q Y Y Y Y    137 S     P   
96 T A A A E    138 H   Y     

106 S     G      142 S   P     
112 E K   K K    143 S   N     
113 R       K    146 R   K     
119 R K K K K    153 G R R E Sb 
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120 E       K    160 N S     Sa 
130 -     N      166 V A T   Ca1 
132 K V V V V RBS  168 N     D   
134 A     V S RBS  169 K   R     
137 S     P      170 E     D Ca2 
138 H   Y        171 K     E   
141 E K K K N    175 V   I     
142 G S P S S    179 V I       
143 S   N        183 P S S S   
146 R   K        186 G E   R   

149 I L L L L    190 A   I   
Sb, 
RBS 

153 V R R E   Sb  191 L     I RBS 

156 G       N Sb  193 H     Q 
Sb, 
RBS 

160 N S       Sa  204 S   T   Ca2 
166 K A T V T Ca1  206 Y     F   
168 E N N D K    207 S     N   
169 K   R   E    208 R     K   
170 G E E D   Ca2  209 R     K   
171 K     E      211 T I       
175 I V   V V    215 A I T     
179 V I          216 K     R   
185 I       M    222 D     N RBS 
186 G E   R E    230 Y H       

190 T A I A A 
Sb, 
RBS  233 L     I   

191 L     I   RBS  243 E     K   

193 H     Q   
Sb, 
RBS  252 W R       

202 M V V V V    253 Y F   H   
204 S   T     Ca2  261 F   L     
206 Y     F      267 T     I   
207 S     N      271 P     S   
208 R     K      272 M     V   
209 R     K      273 D     E   
211 T I          274 E     G   
215 T I   A A    276 D   E     
216 K     R      283 Q   R K   
222 D     N N RBS  310 A     T   
230 Y H          314 M     I   
233 L     I      321 I     N   
243 E     K      aadiff   16 21 41   
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244 T A A A A          
245 N       S          
252 W R     R          
253 Y F   H            
256 A       E          
259 R       K          
260 G       S          
261 L F   F F          
267 T     I            
269 K N N N N          
271 P     S            
272 M     V            
273 D     E G          
274 E     G            
276 D   E   N          
277 A       T          
283 K Q R   Q          
289 N S S S S          
310 T A A   A          
314 M     I            
321 I     N T          

aadiff   36 31 56 48          
*Reference CVV in red, vaccine in gray, swine strains in black 
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Table 15. Amino acid substitutions between recent swine 1B.1 lineage strains compared to the 
vaccine A/Chile/1/1983. 
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14 D                 E   
35 D N         N         
36 N S S   S S           
43 K R R R R             
47 I           V V V T   
48 A                 T   
51 Q     H               
54 K           R R R     
57 I V V                 
68 E K T                 
71 F           L L L     
73 K R R               Cb 
82 T         A A A A     
83 P     T T T           
84 N                 S   
85 S P P P P P A A A P   
88 G D D                 
89 T V V I I I I L L I   
94 Y H H       H H H     
96 A S S S S S S S S S   

106 S N N             G   
111 F           I I I L   
124 P     S S F         Sa 
125 K Q Q N N N         Sa 
127 N     S S S S S S S   
128 V     X     I I I I   
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129 T     X N N - - - N   
130 K     X     - - -     
132 V     G I   A A A   RBS 
134 A V V               RBS 
135 A S S S S S S S S S RBS 
138 H           K K K     
139 K N N       Q Q Q     
141 K           R R R X   
142 S     G       R R R   
143 S                 N   
146 R Q Q       T T T     
149 L           I         
153 E G G               Sb 
155 N D D               Sa 
157 S     I I I         Sa 
161 L                 I   
162 S N N       T T T   Sa 
163 K           M M M   Sa 
166 V           M M M   Ca1 
168 N D D       D D D D   
169 K     R R R           
170 E K K D D N K K K   Ca2 
171 K     E E E R R R     
175 V   I   L L           
179 V I I             I   
183 S A A                 
184 N             S S     
185 I     V M M           
189 K   R R R R R R R R Sb, RBS 
190 T A A A A A A A A A Sb, RBS 
193 R H H               Sb, RBS 
196 N T T T T T T T T T   
202 V M         M I T     
203 S                 A   
204 S         T         Ca2 
207 N                 S   
208 R     K K   K K K     
209 R           K K K     
211 T I I I I I           
215 A S T   T             
216 K R               R   
220 V     I I I I I I I RBS 
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222 N           D D D D RBS 
232 T   I                 
235 E K               G   
237 G     N K K S S S K Ca1 
238 D           E         
241 I M                   
248 L     F F F           
252 W R R L L L           
256 A S S                 
258 S     I     N N N     
260 G   N                 
262 G E E E E E E E E K   
267 T V V V V V V V V I   
270 A     V     V V V     
272 M L L V V V           
276 D N N   N   N N N     
277 A T T T T T       T   
278 K             T T     
283 Q           R R R     
288 S           N N N     
290 L R R                 
295 V           I I I     
298 V           I I I     
300 I   V                 
308 R           K K K     
310 T     K K K   I       
313 R           K K K     
315 V           A A A     
321 I V V                 

aadiff   42 42 36 34 31 49 50 49 32   
*Reference vaccine strain in gray, past HI strain in blue, current swine strains in black 
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Figure 9. Swine H1 HA genes of the 1C lineage: detections of each clade from data deposited 
between January 1 to June 30 2021 are presented adjacent to the clade name. 
  

0.02

offlu-vcm|A/swine/Gent/234/2020|H1N1|Swine|BEL|1C.2.1|2020-05-15

offlu-vcm|lab-21-a|A/swine/Italy/86554/2020|H1N1|Swine|ITA|1C.2.5|2020-03-11

offlu-vcm|A/swine/Gent/132/2020|H1N1|Swine|BEL|1C.2.2|2020-03-18

syntheticIAV|lab-21-b|A/swine/Korea/sw9/2020|H1N2|Swine|KOR|1C.2.3|2020

variant|lab-21-b|A/Pavia/65/2016|H1|Human|ITA|1C.2.1|2016

publicIAV|A/swine/Belgium/Gent-241/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

publicIAV|A/swine/Belgium/Gent-150/2016|H1N1|Swine|BEL|1C.2.1|2016-01-01

offlu-vcm|lab-20-b|A/swine/Spain/6370-1/2018|H1|Swine|ESP|1C.2.1|2018-06-02

offlu-vcm|A/swine/Italy/146817/2021|H1N1|Swine|ITA|1C.2.5|2021-04-28

publicIAV|A/swine/Belgium/Gent-205/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

offlu-vcm|lab-20-b|A/swine/Germany/AR8941/2016|H1|Swine|DEU|1C.2.2|2016

publicIAV|A/swine/Belgium/Gent-54/2019|H1N2|Swine|BEL|1C.2.1|2019-01-01

offlu-vcm|lab-21-b|A/swine/Italy/383470/2020|H1N2|Swine|ITA|1C.2.4|2020-11-23

variant|A/Yunnan-Longyang/SWL1982/2015|H1N1|Human|CHN|1C.2.3|2015-11-19

variant|A/Tianjin-baodi/1606/2018|H1N1|Human|CHN|1C.2.3|2018-12-11

offlu-vcm|lab-20-b|A/swine/Italy/76625-3/2019|H1N1|Swine|ITA|1C.2.1|2019-03-04

offlu-vcm|A/swine/Italy/46608/2021|H1N1|Swine|ITA|1C.2.2|2021-02-08

Consensus_1C.2.5_Dec2020-present

offlu-vcm|A/swine/Gent/303/2020|H1N1|Swine|BEL|1C.2.2|2020-10-29

offlu-vcm|lab-20-b|A/swine/Belgium/Gent/31/2018|H1|Swine|BEL|1C.2.2|2018

offlu-vcm|lab-20-b|A/swine/Belgium/Gent/9-P20/2018|H1|Swine|BEL|1C.2.1|2018

publicIAV|A/swine/Belgium/Gent-203/2019|H1N1|Swine|BEL|1C.2.2|2019-01-01

variant|A/Shandong-Lanshan/SWL1898/2014|H1N1|Human|CHN|1C.2.3|2014-11-26

publicIAV|A/swine/Pskov_region/RII-8-100/2019|H1N2|Swine|RUS|1C.2.4|2019-05-01
publicIAV|A/swine/Pskov_region/RII-41-2/2019|H1N2|Swine|RUS|1C.2.4|2019-05-01

publicIAV|A/swine/Belgium/Gent-31/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01
publicIAV|A/swine/Belgium/Gent-124/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

offlu-vcm|lab-20-b|A/swine/France/SIR3244/2017|H1|Swine|FRA|1C.2.1|2017

offlu-vcm|A/swine/Italy/61650/2021|H1N1|Swine|ITA|1C.2.2|2021-02-19
offlu-vcm|A/swine/Italy/59695/2021|H1N1|Swine|ITA|1C.2.2|2021-02-18

offlu-vcm|A/swine/Italy/80046/2021|H1N1|Swine|ITA|1C.2.2|2021-03-04

offlu-vcm|lab-21-b|A/swine/Italy/79598/2021|H1N1|Swine|ITA|1C.2.1|2021-03-05

publicIAV|A/swine/Belgium/Gent-243/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

offlu-vcm|A/swine/Italy/144671-4/2021|H1N1|Swine|ITA|1C.2.2|2021-05-07

offlu-vcm|A/swine/Italy/129064-2/2021|H1N1|Swine|ITA|1C.2.5|2021-05-07

offlu-vcm|lab-20-b|A/swine/Belgium/SIR5289/2017|H1|Swine|BEL|1C.2.2|2017

publicIAV|A/Sus_scrofa/Germany/fopro-15/2018|H1N1|Swine|DEU|1C.2.1|2018-10-12

Consensus_1C.2.4_2020-present

publicIAV|A/swine/Belgium/Gent-06/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

offlu-vcm|A/swine/Italy/121933-1/2021|H1N2|Swine|ITA|1C.2.4|2021-05-07

SwReference|A/swine/Arnsberg/6554/1979|H1N1|Swine|DEU|1C.1|1979

offlu-vcm|lab-21-a|A/swine/Italy/69273/2020|H1N1|Swine|ITA|1C.2.4|2020-02-26

offlu-vcm|A/swine/Italy/87067/H1N2|H1N2|Swine|ITA|1C.2.4|2021-03-11

variant|lab-21-b|A/Netherlands/10370-1/2020|H1N1|Swine|NLD|1C.2.1|2020-09-20

CVV|lab-21-b|A/Hessen/47/2020|H1|Human|DEU|1C.2.2|2020

offlu-vcm|lab-21-a|A/swine/Italy/64366/2020|H1N2|Swine|ITA|1C.2.1|2020-02-21

publicIAV|A/swine/Belgium/Gent-29/2019|H1N1|Swine|BEL|1C.2.2|2019-01-01

variant|lab-21-b|A/Netherlands/Gent_193/2019|H1|Human|NLD|1C.2.2|2019

publicIAV|A/swine/Belgium/Gent-184/2019|H1N1|Swine|BEL|1C.2.2|2019-01-01

variant|A/Fujian-cangshan/SWL624/2016|H1N1|Human|CHN|1C.2.3|2016-10-21

offlu-vcm|lab-20-b|A/swine/Italy/49456-3/2019|H1N2|Swine|ITA|1C.2.4|2019-02-11

publicIAV|A/swine/Belgium/Gent-202/2019|H1N1|Swine|BEL|1C.2.2|2019-01-01

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

offlu-vcm|lab-20-b|A/swine/Germany/Bak63/2017|H1|Swine|DEU|1C.2.1|2017

publicIAV|A/swine/Belgium/Gent-127/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

offlu-vcm|A/swine/Italy/138986/2021|H1N1|Swine|ITA|1C.2.5|2021-05-07

Consensus_1C.2.1_2020-present

off lu-vcm|lab-21-b|A/swine/Italy/114094-5/2021|H1N1|Swine|ITA|1C.2.5|2021-03-23

publicIAV|A/swine/Netherlands/Gent-103/2018|H1N1|Swine|NLD|1C.2.2|2018-01-01

publicIAV|A/swine/Pskov_region/RII-6-100/2019|H1N2|Swine|RUS|1C.2.4|2019-05-01

publicIAV|A/swine/Belgium/Gent-236/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

Consensus_1C.2.2_Dec2020-present

publicIAV|A/swine/Belgium/Gent-204/2019|H1N1|Swine|BEL|1C.2.2|2019-01-01

offlu-vcm|A/swine/Italy/101943/2021|H1N1|Swine|ITA|1C.2.2|2021-03-23

CVV|lab-21-b|A/Netherlands/3315/2016|H1|Human|NLD|1C.2.1|2016-11-04

variant|A/Jiangsu/1/2011|H1N1|Human|CHN|1C.2.3|2011-01-04

offlu-vcm|A/swine/Italy/90784/2021|H1N1|Swine|ITA|1C.2.1|2021-03-12

offlu-vcm|A/swine/Gent/236/2020|H1N1|Swine|BEL|1C.2.2|2020-05-15

offlu-vcm|lab-20-b|A/swine/Spain/6370-2/2018|H1|Swine|ESP|1C.2.2|2018-01-25

offlu-vcm|lab-20-b|A/swine/Belgium/Gent/13/2017|H1|Swine|BEL|1C.2.1|2017

variant|A/Hebei-Yuhua/SWL1250/2012|H1N1|Human|CHN|1C.2.3|2012-12-12

offlu-vcm|lab-20-b|A/swine/Spain/45690-4/2018|H1|Swine|ESP|1C.2.1|2018-01-31

offlu-vcm|A/swine/Italy/60892/2021|H1N1|Swine|ITA|1C.2.2|2021-02-18

publicIAV|A/swine/Belgium/Gent-208/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

publicIAV|A/swine/Belgium/Gent-05/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

variant|lab-21-b|A/Hebei-haigang/SWL1572/2019|H1N1|Human|CHN|1C.2.3|2019-11-14

offlu-vcm|lab-21-a|A/Sw/France/85-200222/2020|H1N1|Swine|FRA|1C.2.1|2020-07-13

offlu-vcm|lab-21-b|A/swine/Gent/25/2020|H1N1|Swine|BEL|1C.2.1|2020-01-10

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

variant|A/Yunnan-Wuhua/SWL1869/2015|H1N1|Human|CHN|1C.2.3|2015-11-23

SwReference|A/swine/Shandong/POS2539/2015|H1N1|Swine|CHN|1C.2.3|2015-12-09

publicIAV|A/Sus_scrofa/Germany/Fopro213-14/2018|H1N1|Swine|DEU|1C.2.1|2018-10-12

offlu-vcm|lab-21-b|A/swine/Italy/114436/2021|H1N2|Swine|ITA|1C.2.4|2021-04-01

offlu-vcm|lab-21-b|A/swine/Italy/16671/2021|H1N2|Swine|ITA|1C.2.1|2021-01-18

publicIAV|A/swine/Belgium/Gent-09/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

publicIAV|A/swine/Italy/13310/2016|H1N1|Swine|ITA|1C.2.1|2016-01-01

offlu-vcm|A/swine/Gent/135/2020|H1N1|Swine|BEL|1C.2.2|2020-03-18
offlu-vcm|A/swine/Gent/274/2020|H1N1|Swine|BEL|1C.2.2|2020-08-26

publicIAV|A/swine/Belgium/Gent-99/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

variant|lab-21-b|A/Mecklenburg-Vorpommern/1/2021|H1N1|Human|DEU|1C.2.1|2021-04-19

publicIAV|A/swine/Belgium/Gent-196/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

CVV|lab-21-b|A/Hunan/42443/2015|H1N1|Human|CHN|1C.2.3|2015-07-02

publicIAV|A/Sus_scrofa/Germany/1337/2018|H1N1|Swine|DEU|1C.2.1|2018-10-12

SwReference|A/swine/Korea/CY0423-12/2013|H1N2|Swine|KOR|1C.2.3|2013-04-23

offlu-vcm|lab-21-a|A/swine/Italy/127069/2020|H1N1|Swine|ITA|1C.2.5|2020-05-11

offlu-vcm|lab-20-b|A/swine/Spain/40340-1/2017|H1|Swine|ESP|1C.2.1|2017

offlu-vcm|lab-21-a|A/Sw/France/29-200254/2020|H1N2|Swine|FRA|1C.2.4|2020-08-13

H1 1C swine
genetic clades

H1v candidate vaccine virus
Reported H1v cases

# HI tested viruses

Consensus sequences

1C Eurasian avian lineage

1C.2.2 (n=18)

1C.2.1 (n=24)

1C.2.5 (n=4)

1C.2.4 (n=8)
1C.2.3 (n=1)

#

#

#

#

#

Most recent variant
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Antigenic analysis: Swine 1C Lineage 
Table 16. South Korea Data: Hemagglutination inhibition of CVV vaccine ferret antisera against 
contemporary swine 1C lineage strains selected to represent clade consensus.  
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A/Hunan/42443/2015 CVV 1C.2.3 H1N1 320 

rg-A/swine/Korea/sw9/2020* 1C.2.3 H1N2 320 

Reference CVV in red, new swine strains in bold. Homologous titers highlighted grey. *synthetic 
HA/NA on PR8 backbone.  
 

• The South Korea swine 1C.2.3 was cross-reactive to the within clade CVV 
A/Hunan/42443/2015. 

  

• > 8 fold reduction 
• 8 fold reduction 
• 4 fold reduction 
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Table 17. 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/Hunan/42443/2015 CNIC-1601 
CVV 1C.2.3 320 40 40 

A/Netherlands/ 3315/2016 CVV 1C.2.1 20 80 <20 

A/PAVIA/65/2016 1C.2.1 <20 40 640 

     

A/swine/France/29-200254/2020 1C.2.4 80 80 80 

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

• The A/swine/France/29-200254/2020 1C.2.4 strain was cross-reactive to the nearest 1C.2.1 
clade CVV A/Netherlands/ 3315/2016 and 1C.2.3 A/Hunan/42443/2015 CNIC-1601. This 
swine strain has high sequence similarity to the recent variant A/Bretagne/24241/2021 (see 
Annex 2). 

 
  

• > 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 1C lineage strains. 
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A/Hunan/42443/2015 1C.2.3 320 160 80 40 20 320 320 

A/Netherlands/10370-1b/2020 1C.2.1 160 160 40 80 40 20 40 

A/PAVIA/65/2016 1C.2.1 80 80 320 40 40 40 40 

A/Netherlands/3315/2016 (APHA) 1C.2.1 40 40 40 80 80 40 80 

A/Netherlands/3315/2016 (Crick) 1C.2.1 40 40 40 80 80 40 80 

A/Hessen/47/2020-C2/MDCK1 1C.2.2 320 160 80 80 40 160 160 

A/Hebei-Haigang/1572/2019  1C.2.3 160 160 160 80 80 80 160 

A/Netherlands/Gent-193/2019 1C.2.2 320 320 640 80 80 320 320 
   

      
A/swine/Italy/79598/2021 1C.2.1 40 80 40 160 80 20 80 

A/swine/Italy/16671/2021 1C.2.1 40 40 40 40 20 20 40 

A/Mecklenburg-
Vorpommern/1/2021 

1C.2.1 40 160 80 40 40 80 160 

A/swine/Italy/97879/2021 1C.2.4 20 20 40 40 20 20 20 

A/swine/Italy/114436/2021 1C.2.4 80 40 40 40 40 20 40 

A/swine/Italy/383470/2020 1C.2.4 160 40 40 20 20 40 80 

A/swine/Italy/114094-5/2021 1C.2.5 320 40 80 80 40 40 40 

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

 
• The contemporary swine clades 1C.2.1, 1C.2.2, 1C.2.4 and 1C.2.5 demonstrate good cross-

reactivity to CVV A/Netherlands/3115/2016 (APHA), apart from A/swine/Italy/383470/2020 
(1C.2.4) 

• The swine 1C.2.2 variant virus A/Netherlands/Gent-193/2019 demonstrate good cross-
reactivity to all the tested strains. 

• The contemporary swine clades 1C.2.1, 1C.2.2, 1C.2.4 and 1C.2.5 demonstrate variable 
cross-reactivity to CVV A/Hunan/42443/2015 and other CVVs in development: A/ 
A/Netherlands/10370-1b/2020 and A/Hessen/47/2020-C2/MDCK1.  

• >8 fold reduction 
• 8 fold reduction 
• 4 fold reduction 
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Table 19. Amino acid substitutions between recent swine 1C.2.1 strains compared to the nearest CVV 
(A/Netherlands/3315/2016|CVV|1C.2.1). 
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20 M   L L L L   L     
22 K     R             
31 N D         D   D   
35 N         T         
44 L I         M   M   
48 A       I           
53 G     E   K   E     
56 N       S           
57 V         L         
61 I   L               
66 E       K           
69 L     F       F   Cb 
71 I L   L L L L L L   
74 N K         K Y K   
80 I         V         
83 S         P P   P   
84 N         D         
86 K   N               
87 N   D       S       
89 A     T   T   T     
96 A     T       N     
97 D     N     G N N   

102 R     K K           
111 F   L         L     
120 E A A T A A A A A   
125 N     D           Sa 
127 E       D D   D     
129 T N                 
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130 K       R R         
132 S T   T T T T T T RBS 
134 V         I A     RBS 
135 A           S     RBS 
137 S P         P   P   
141 I A N A A A A A A   
142 K N   N N N N N N   
155 E G   G G G G   G Sa 
157 S F               Sa 
161 I L   L L L L L L   
162 S N       R       Sa 
163 T N   K K N K K K Sa 
175 I     V V V V V V   
186 S   N               
189 Q   L             Sb, RBS 
190 T           A     Sb, RBS 
196 H             N     
199 V         I I   I   
202 G   E         E E   
208 K Q   Q   Q Q Q Q   
214 I         T         
215 V A         A   A   
220 V   I     I       RBS 
222 E             K   RBS 
227 M         I         
232 T     I       I     
237 G   E             Ca1 
253 Y H   H H     X H   
258 N D   D K   D D D   
260 G   S               
262 N   S   S S   S     
266 M         I         
267 M I   V R       I   
269 D         N S       
270 A S                 
271 N H   H Q R L H H   
273 H     Q       Q     
278 K         M         
287 K   T               
288 S G     G           
298 I       V           
311 Q R       H R   R   
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321 T I I I I I I I I   
324 V I   I I I I I I   

aadiff   26 16 27 25 34 28 29 26   
*Reference CVV in red, swine strains in black 
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Table 20. Amino acid substitutions between recent swine 1C.2.3 strains compared to the nearest CVV 
(A/Hunan/42443/2015). 
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35 N T   
48 I N   
56 S N   
57 V I   
66 K E   
73 A S Cb 
84 N S   
89 A T   

130 R K   
185 D Y   
190 T S Sb, RBS 
199 V I   
216 A T   
224 A S RBS 
258 K E   
267 R M   
288 G S   
298 V I   

aadiff   18   
*Reference CVV in red, swine strains in black 
  



   

45 

Table 21. Amino acid substitutions between recent swine 1C.2.4 strains compared to the nearest CVV 
(A/Hunan/42443/2015). 
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5 V I I I       
20 L   M   M     
35 N T T T   T   
48 I A A A A A   
51 Q N   N       
53 G         K   
56 S N N N N N   
57 V         L   
66 K E E E E E   
69 L     P     Cb 
71 L   T   I     
80 I         V   
83 S         P   
84 N D   D   D   
86 K   R         
89 A T T T   T   
96 A   T         

102 K R R R R R   
104 Q L L L       
112 E K   K       
113 R   K         
119 K E E E       
120 A   -   E     
124 P S L S     Sa 
126 H   Y         
127 D - K - E     
130 R G - G K     
132 T       S   RBS 
134 V A   A   I RBS 
135 A S   S     RBS 
137 S   P         
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138 H   N         
141 A       I     
142 N S S S K     
149 L S   S       
152 V T T T       
155 G       E   Sa 
156 N S   S     Sb 
161 L   I   I     
162 S         R Sa 
163 K R   R T N Sa 
166 T   K       Ca1 
169 K Q   Q       
170 G E I E     Ca2 
175 V       I     
185 D   Y         
186 S R   R       
189 Q L   L     Sb, RBS 
195 N D   D     Sb, RBS 
199 V         I   
202 G A V A       
205 K T   T       
208 K         Q   
214 I         T   
216 A T S T       
220 V I I I   I RBS 
221 R   N       RBS 
222 E D   D     RBS 
224 A   E       RBS 
227 M   I     I   
232 T   I         
236 Q   R         
252 W K K K       
253 H   Y   Y Y   
258 K S N S N N   
262 S       N     
266 M         I   
267 R K K K M M   
269 D         N   
271 Q N L N N R   
273 H   Q         
278 K         M   
288 G S S S S S   
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289 N   S         
290 L R R R       
298 V I I I I I   
311 Q         H   
313 R   K         
321 I       T     
324 I       V     

aadiff   39 46 40 25 29   
*Reference CVV in red, swine strains in black 
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Table 22. Amino acid substitutions between recent swine 1C.2.5 strains compared to the nearest CVV 
(A/Hunan/42443/2015). 
 

site A
/H

un
an

/4
24

43
/2

01
5 

A/
sw

in
e/

Ita
ly

/1
14

09
4-

5/
20

21
 

A
/N

et
he

rla
nd

s/
33

15
/2

01
6  

A
/H

es
se

n/
47

/2
02

0 

An
no

ta
tio

ns
 

2 T I       
20 L   M     
35 N     T   
44 L M       
47 K N       
48 I A A A   
53 G     K   
56 S D N N   
57 V     L   
66 K E E E   
69 L F     Cb 
71 L   I     
80 I     V   
82 T A       
83 S     P   
84 N     D   
85 S P       
89 A     T   

102 K R R R   
111 F L       
120 A G E     
125 N D     Sa 
127 D E E     
130 R K K     
132 T   S   RBS 
134 V S   I RBS 
135 A S     RBS 
141 A   I     
142 N S K     
155 G   E   Sa 
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161 L   I     
162 S N   R Sa 
163 K N T N Sa 
169 K R       
170 G E     Ca2 
175 V   I     
179 V I       
190 T A     Sb, RBS 
196 H R       
199 V     I   
208 K R   Q   
214 I     T   
215 V I       
220 V     I RBS 
222 E N     RBS 
224 A K     RBS 
227 M I   I   
236 Q R       
245 T N       
253 H Y Y Y   
258 K   N N   
259 K R       
262 S   N     
266 M     I   
267 R I M M   
269 D     N   
270 A V       
271 Q H N R   
278 K     M   
287 K N       
288 G N S S   
298 V I I I   
310 T K       
311 Q     H   
313 R K       
321 I   T     
324 I   V     

aadiff   42 25 29   
*Reference CVV in red, swine strains in black 
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Figure 10. Swine H3 HA genes: detections of each clade from data deposited between January 1 to 
June 30, 2021 are presented adjacent to the clade name. Clades within the tree were proportionally 
down sampled to 95 swine HA genes from 212; tree includes clade consensus sequences, and human 
vaccine strains.  
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huVaccine|A/Beijing/32/1992|H3N2|Human|CHN|1992-01-01

Consensus_3.1990.4.a_Dec2020-present

Consensus_3.1990.6_2018-present

publicIAV|A/swine/Italy/33271/2016|H3N2|Swine|ITA|3.1970.1|2016-11-01

Consensus_3.1970.1_Dec2020-present

publicIAV|lab-21-b|A/swine/Kagoshima/37-7218/2019|H3N2|Swine|JPN|3.1990.6|2019-07-06

huReference|A/England/42/72|H3N2|Human|GBR|1972-01-01

huVaccine|A/Leningrad/360/1986|H3N2|Human|RUS|1986-01-01

publicIAV|A/swine/Nagasaki/UEF-79/2018|H3N2|Swine|JPN|3.1990.6|2018-12-22

offlu-vcm|A/swine/Gent/82/2020|H3N2|Swine|BEL|3.1970.1|2020-02-07

publicIAV|lab-19-b|A/swine/Oklahoma/A02218157/2017|H3N2|Swine|USA|3.2010.2|2017

huVaccine|A/Switzerland/9715293/2013|H3N2|Human|CHE|3a|2013-12-06

huVaccine|A/Hong_Kong/2671/2019|H3N2|Human|HKG|2a1b2a|2019-06-17

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

huVaccine|A/Texas/50/2012|H3N2|Human|USA|2012-04-15

huVaccine|A/Shanghai/11/1987|H3N2|Human|CHN|1987-01-01

offlu-vcm|lab-20-b|A/swine/Italy/115269/2019|H3N2|Swine|ITA|3.1970.1|2019-03-29

publicIAV|A/swine/Missouri/A02524964/2020|H3N2|Swine|USA|3.2010.1|2020-12-07

publicIAV|A/swine/Iowa/A02525214/2021|H3N2|Swine|USA|3.2010.1|2021-02-24

huVaccine|A/Wellington/01/2004|H3N2|Human|NZL|2004-01-01

huVaccine|A/Guizhou/54/89|H3N2|Human|CHN|1989-01-01

publicIAV|A/swine/North_Carolina/A02525218/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-24

publicIAV|A/swine/Oklahoma/A02525388/2021|H3N2|Swine|USA|3.2010.2|2021-04-15

publicIAV|A/swine/Missouri/A02525138/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-01

publicIAV|A/swine/Iowa/A02525076/2021|H3N2|Swine|USA|3.2010.1|2021-01-14

huVaccine|A/Brisbane/10/2007|H3N2|Human|AUS|2007-01-01

publicIAV|lab-20-b|A/swine/Ohio/A01354299/2017|H3N2|Swine|USA|3.2010.1|2017

publicIAV|lab-20-a|A/swine/Iowa/A02478764/2019|H3N2|Swine|USA|3.1990.4.i|2019

publicIAV|lab-20-b|A/swine/Ill inois/A02479007/2020|H3N2|Swine|USA|3.1990.4.b2|2020-01-21

publicIAV|lab-19-b|A/swine/Oklahoma/A01776961/2016|H3N2|Swine|USA|3.1990.4.a|2016

publicIAV|A/swine/Ohio/A02245891/2021|H3N2|Swine|USA|3.1990.1|2021-04-06

publicIAV|A/swine/Iowa/A02525306/2021|H3N2|Swine|USA|3.2010.1|2021-03-26

variant|lab-21-b|A/Hawaii/28/2020|H3N2|Swine|USA|3.1990.1|2020

offlu-vcm|lab-21-b|A/swine/Italy/25720/2021|H3N2|Swine|ITA|3.1970.1|2021-01-22

publicIAV|A/swine/Indiana/A02525374/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-08
publicIAV|A/swine/North_Carolina/A02524967/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-07

publicIAV|lab-21-b|A/swine/Kagoshima/37-7194/2019|H3N2|Swine|JPN|3.1990.6|2019-07-06
publicIAV|lab-21-b|A/swine/Kagoshima/37-7198/2019|H3N2|Swine|JPN|3.1990.6|2019-07-06

offlu-vcm|A/swine/QC/1067253/2021|H3N2|Swine|CAN|3.1990.4.b2|2021-03-16

offlu-vcm|A/swine/MB/N2021-064-7/2021|H3N2|Swine|CAN|3.1990.4.i|2021-06-09

off lu-vcm|lab-20-b|A/swine/Italy/57721-1/2019|H3N2|Swine|ITA|3.1970.1|2019-02-18

huVaccine|A/Sichuan/2/1987|H3N2|Human|CHN|1987-01-01

publicIAV|A/swine/Minnesota/A02525121/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-28

huVaccine|A/Philippines/2/1982|H3N2|Human|PHL|1982-01-01

huVaccine|A/Port_Chalmers/1/1973|H3N2|Human|NZL|1973-01-01

CVV|lab-21-b|A/Ohio/28/2016|H3N2|Swine|USA|3.2010.1|2016

publicIAV|A/swine/Ill inois/A02525379/2021|H3N2|Swine|USA|3.2010.1|2021-04-09

publicIAV|A/swine/Iowa/A02524937/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-01

publicIAV|lab-21-a|A/swine/Kansas/A02245675/2020|H3N2|Swine|USA|3.2010.1|2020-06-24

huVaccine|A/Christ_Church/4/1985|H3N2|Human|NZL|1985-01-01

publicIAV|A/swine/Iowa/A02525161/2021|H3N2|Swine|USA|3.1990.4|2021-02-10

publicIAV|A/swine/Iowa/A02525043/2021|H3N2|Swine|USA|3.1990.1|2021-01-05

publicIAV|lab-21-b|A/swine/Kagoshima/58-7168/2019|H3N2|Swine|JPN|3.1990.6|2019-07-01

offlu-vcm|lab-21-a|A/swine/Quebec/N2020-6-4/2020|H3N2|Swine|CAN|3.1990.4|2020-02-11

offlu-vcm|lab-21-a|A/swine/ON-N2019-40-3/2020|H3N2|Swine|CAN|3.1990.4.b2|2020-10-06

syntheticIAV|lab-21-b|A/swine/Korea/P17-4/2017|H3N2|Swine|KOR|3.1990.4.a|2017-05-17

huVaccine|A/Switzerland/8060/2017|H3N2|Human|CHE|3C.2a2|2017-01-01

publicIAV|A/swine/Iowa/A02635700/2021|H3N2|Swine|USA|3.2010.1|2021-04-15

publicIAV|A/swine/Iowa/A02525173/2021|H3N2|Swine|USA|3.2010.1|2021-02-10

offlu-vcm|lab-21-b|A/swine/Italy/135782/2021|H3N2|Swine|ITA|3.1970.1|2021-04-20

publicIAV|lab-21-b|A/swine/Nagasaki/DK-01/Lu/2019|H3N2|Swine|JPN|3.1990.6|2019-02-20

offlu-vcm|lab-21-b|A/swine/Italy/29936/2021|H3N2|Swine|ITA|3.1970.1|2021-01-26

publicIAV|A/swine/Iowa/A02525175/2021|H3N1|Swine|USA|3.2010.1|2021-02-12

publicIAV|A/swine/Indiana/A02245887/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-26

CVV|lab-21-b|A/Minnesota/11/2010|H3N2|Swine|USA|3.1990.4.a|2010

syntheticIAV|lab-21-b|A/swine/Quebec/N2020-3-1/2020|H3N2|Swine|CAN|3.1990.4.c|2020-01-21

publicIAV|lab-21-b|A/swine/Kagoshima/37-7213/2019|H3N2|Swine|JPN|3.1990.6|2019-07-06

syntheticIAV|lab-21-b|A/swine/Quebec/N2020-6-1/2020|H3N2|Swine|CAN|3.1990.4|2020-02-11

huVaccine|A/Victoria/361/2011|H3N2|Human|AUS|183P-5A_156K|2011-10-24

publicIAV|A/swine/Iowa/A02525063/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-13

Consensus_3.1990.4.b2_Dec2020-present
offlu-vcm|A/swine/QC/1087318/2021|H3N2|Swine|CAN|3.1990.4.b2|2021-05-07

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

publicIAV|A/swine/Minnesota/A02245889/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-15

Consensus_3.1990.1_Dec2020-present

publicIAV|lab-21-b|A/swine/Nagasaki/DK-01/Tr/2019|H3N2|Swine|JPN|3.1990.6|2019-02-20

huVaccine|A/Texas/1/1977|H3N2|Human|USA|1977-01-01
huVaccine|A/Bangkok/1/1979|H3N2|Human|THA|1979-01-01

offlu-vcm|A/swine/QC/1064321/2021|H3N2|Swine|CAN|3.1990.4.c|2021-03-08

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

publicIAV|A/swine/Nagasaki/UEF-GP/2018|H3N2|Swine|JPN|3.1990.6|2018-12-22

offlu-vcm|lab-20-b|A/swine/Italy/226022/2019|H3N2|Swine|ITA|3.1970.1|2019-06-27

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

offlu-vcm|A/swine/QC/1063580/2021|H3N2|Swine|CAN|3.1990.4.b2|2021-03-08

offlu-vcm|A/swine/SK/N2021-043-180/2021|H3N2|Swine|CAN|3.1990.4|2021-04-05

publicIAV|lab-21-a|A/swine/Minnesota/A02245671/2020|H3N2|Swine|USA|3.1990.4.i|2020-06-12

huVaccine|A/Johannesburg/33/1994|H3N2|Human|ZAF|1994-01-01

variant|A/Manitoba/03/2021|H3N2|Human|CAN|3.1990.4.i|2021

huVaccine|A/Moscow/10/1999|H3N2|Human|RUS|1999-01-01

offlu-vcm|A/swine/MB/N2021-064-5/2021|H3N2|Swine|CAN|3.1990.4.b2|2021-06-03

publicIAV|A/swine/Iowa/A02525042/2020|H3N2|Swine|USA|3.2010.1|2020-12-30

publicIAV|A/swine/Iowa/A02525351/2021|H3N2|Swine|USA|3.2010.1|2021-04-07

publicIAV|lab-21-b|A/swine/Kagoshima/37-7201/2019|H3N2|Swine|JPN|3.1990.6|2019-07-06
huVaccine|A/Fujian/411/2002|H3N2|Human|CHN|2002-01-01

huVaccine|lab-21-b|A/Hong_Kong/45/2019|H3N2|Human|CHN|2a1b1b|2018-12-24

publicIAV|A/swine/North_Carolina/A02525094/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-15

publicIAV|A/swine/Indiana/A02525372/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-12

huVaccine|A/Wuhan/359/95|H3N2|Human|CHN|1995-01-01

huVaccine|lab-21-b|A/Kansas/14/2017|H3N2|Human|USA|3C.3a|2017-12-14

huVaccine|A/Victoria/3/1975|H3N2|Human|AUS|1975-01-01

publicIAV|A/swine/Kansas/A02525393/2021|H3N2|Swine|USA|3.1990.4.b1|2021-04-19

huReference|A/Hong_Kong/68|H3N2|Swine|HKG|Other-Human-1960|1968

publicIAV|lab-21-b|A/swine/Utah/A02524953/2020|H3N2|Swine|USA|3.2010.1|2020-12-03

publicIAV|A/swine/North_Carolina/A02245825/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-08

huVaccine|A/Perth/16/2009|H3N2|Human|AUS|2009-04-07

huVaccine|A/Shangdong/9/1993|H3N2|Human|CHN|1993-01-01

publicIAV|A/swine/Iowa/A02635791/2021|H3N2|Swine|USA|3.2010.1|2021-05-11

publicIAV|lab-21-a|A/swine/Missouri/A02257614/2018|H3N2|Swine|USA|3.1990.1|2018-09-18

publicIAV|A/swine/North_Carolina/A02525172/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-16

offlu-vcm|A/swine/MB/N2021-045-19/2021|H3N2|Swine|CAN|3.1990.4.i|2021-03-16

publicIAV|A/swine/Indiana/A02525139/2021|H3N2|Swine|USA|3.2010.2|2021-02-03

publicIAV|lab-20-a|A/swine/Wyoming/A02245222/2019|H3N2|Swine|USA|3.1990.4.b2|2019

offlu-vcm|lab-21-a|A/swine/Italy/124375/2020|H3N2|Swine|ITA|3.1970.1|2020-05-07

huVaccine|lab-21-b|A/Iowa/60/2018|H3N2|Swine|USA|2a1b2|2018

huVaccine|A/Singapore/INFIMH-16-0019/2016|H3N2|Human|SGP|2a1|2016-06-14

huVaccine|A/Beijing/353/1989|H3N2|Human|CHN|1989-01-01

publicIAV|A/swine/Iowa/A02525036/2020|H3N2|Swine|USA|3.2010.1|2020-12-30

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

publicIAV|A/swine/Iowa/A02524943/2020|H3N2|Swine|USA|3.2010.1|2020-12-02

publicIAV|A/swine/Missouri/A02525178/2021|H3N2|Swine|USA|3.2010.1|2021-02-11

publicIAV|lab-19-b|A/swine/Indiana/A01729045/2016|H3N2|Swine|USA|3.1990.4.b2|2016

huVaccine|A/Sydney/5/1997|H3N2|Human|AUS|1997-01-01

publicIAV|lab-20-b|A/swine/Iowa/A02430102/2019|H3N2|Swine|USA|3.2010.2|2019

syntheticIAV|lab-21-b|A/swine/Quebec/N2020-9/2020|H3N2|Swine|CAN|3.1990.4.b2|2020-02-26

offlu-vcm|lab-20-b|A/swine/Gent/48/2017|H3N2|Swine|BEL|3.1970.1|2017

publicIAV|A/swine/Nebraska/A02525301/2021|H3N2|Swine|USA|3.2010.1|2021-03-25

publicIAV|A/swine/South_Dakota/A02525007/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-21

publicIAV|lab-21-a|A/swine/Iowa/A02524572/2020|H3N2|Swine|USA|3.2010.2|2020-08-26

huVaccine|A/South_Australia/34/2019|H3N2|Human|AUS|2a1b_131K_219F|2019-02-06

huVaccine|A/Hong_Kong/4801/2014|H3N2|Human|HKG|2a|2014-01-01

publicIAV|A/swine/Mexico/06/2019|H3N2|Swine|MEX|3.1990.4|2019-11-01

Consensus_3.2010.1_Dec2020-present

publicIAV|A/swine/South_Carolina/A02525279/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-26

huVaccine|A/Wisconsin/67/2005|H3N2|Human|USA|2005-01-01

publicIAV|A/swine/Ill inois/A02525253/2021|H3N2|Swine|USA|3.1990.1|2021-03-12

huVaccine|A/Cambodia/e0826360/2020|H3N2|Human|KHM|2a1b2a1|2020-07-16

publicIAV|lab-21-a|A/swine/North_Carolina/A02245294/2019|H3N2|Swine|USA|3.1990.4.a|2019-10-15

publicIAV|A/swine/Mexico/04/2019|H3N2|Swine|MEX|3.1990.4|2019-06-01

H3 swine lineage

H3v candidate vaccine virus
A/Hong_Kong/45/2019
Previous H3N2
seasonal vaccines
Reported H3N2v cases

# HI tested viruses

H3 swine genetic
clades

Consensus sequences

3.1990.4.a (n=92)

3.2010.2 (n=2)

3.2010.1 (n=55)

3.1990.4.b2 (n=4)

3.1990.1 (n=3)

Human vaccine
or seasonal

3.1970.1 (n=5)

3.1990.4.i (n=2)

3.1990.4.c (n=1)

3.1990.4 (n=4)

3.1990.6 (n=10)

3.1990.4.b1 (n=1)

#

# #
#

#
#

#

#

#

Requested/pending HI

Closest to
A/Iowa/03/ 2021 H3v
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Antigenic analysis: Swine H3 
Table 23. USA Data: Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera 
against contemporary swine H3 strains selected to represent clade consensus. 
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A/Hawaii/28/2020 3.1990.1 
H3N2v 

640 20 20 80 <10 <10 <10 

A/swine/Missouri/A02257614/2018 3.1990.1 160 10 <10 20 <10 10 <10 

         
A/Minnesota/11/2010 x 203 3.1990.4. 

H3N2v 
40 640 20 20 <10 <10 <10 

rg-A/swine/Quebec/N2020-6-1/2020* 3.1990.4 
H3N2 

40 40 10 20 <10 <10 <10 

A/swine/North 
Carolina/A02245294/2019 

3.1990.4.a 
H3N2 

20 40 20 40 20 10 <10 

rg-A/swine/Korea/P17-4/2017* 3.1990.4.a 
H3N2 

80 160 20 80 20 10 10 

rg-A/swine/Quebec/N2020-9/2020* 3.1990.4.b
2 H3N2 

20 40 40 20 10 <10 <10 

rg-A/swine/Quebec/N2020-3-1/2020* 3.1990.4.c 
H3N2 

20 40 20 20 10 <10 <10 

A/swine/Minnesota/A02245671/2020 3.1990.4.i 
H3N2 

40 20 20 20 20 20 <10 

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

CVV 
3.2010.1 
H3N2v 

20 20 1280 40 10 10 <10 

A/Indiana/27/2018 3.2010.1 
H3N2v 

10 10 <10 640 10 10 <10 

A/swine/Utah/A02524953/2020 3.2010.1 
H3N2 

10 10 40 40 10 <10 <10 

         
A/swine/Iowa/A02524572/2020 3.2010.2 

H3N2 
20 20 20 40 40 40 <10 

         
A/Kansas/14/2017 3C.3a 

H3N2 
10 10 <10 10 80 20 20 

A/Iowa/60/2018 3C.2a1b2 
H3N2 

<10 <10 <10 <10 20 160 40 

A/Hong Kong/45/2019 3C.2a1b 
H3N2 

<10 10 <10 <10 20 80 160 

Reference CVV in red, seasonal vaccine strains in dark red, new swine strains in bold. Homologous titers 
highlighted in grey. A/Indiana/27/2018 is surrogate for CVV A/Ohio/13/2017 2010.1 H3N2v. *synthetic 
HA/NA on PR8 backbone. 

 

• > 8 fold reduction 
• 8 fold reduction 
• 4 fold reduction 
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• The contemporary swine 1990.1 does not have a CVV contained within clade and had limited 
reactivity with any CVV or vaccine anti-sera.  

• The Canada 1990.4 strain demonstrated a significant 16-fold decrease in cross-reactivity from 
CVV A/Minnesota/11/2010 x 203. 

• The contemporary swine 1990.4.a demonstrated a significant 16-fold decrease, and the South 
Korea 1990.4.a demonstrated a 4-fold decrease in cross-reactivity from CVV 
A/Minnesota/11/2010 x 203.  

• The Canada swine 1990.4.b2 does not have a CVV contained within clade and demonstrated a 
significant 16-fold decrease from CVV A/Minnesota/11/2010 x 203.  

• The Canada swine 1990.4.c does not have a CVV contained within clade and demonstrated a 
significant 16-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 strain (A/Indiana/27/2018) did not react to CVV 
(IDCDC-RG55C A/Ohio/28/2016-like) anti-sera. The contemporary swine 2010.1 representative 
strain (A/swine/Utah/A02524953/2020) had significant 32-fold decrease to CVV (IDCDC-RG55C 
A/Ohio/28/2016-like).  

• The contemporary swine 2010.2 representative strain does not have a CVV contained within clade 
but reacted to A/Kansas/14/2017 antisera, had 4-fold decrease to HuVacc (A/Iowa/60/2018), and 
no reactivity to HuVacc (A/Hong Kong/45/2019). 
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Table 24. EU Data: Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera 
against contemporary swine H3 strains selected to represent clade consensus. 
 
 

  

G
lo

ba
l C

la
de

 

A/
Vi

ct
or

ia
/3

/1
97

5 

A/
O

hi
o/

28
/2

01
6  

A/
Sy

dn
ey

/5
/9

7 

A/Victoria/3/1975 Human 
seasonal 

320 80 20 

A/Ohio/28/2016 H3.2010.
1 

80 320 80 

A/Port Chalmers/1/1973 Human 
seasonal 

80 20 <10 

A/Sydney/5/97 Human 
seasonal 

40 80 160 

     
A/swine/Italy/25720/2021 3.1970.1 80 80 10 

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 3.1970.1 demonstrated moderate to poor cross-reactivity to the 

historical human vaccine and 2010.1 CVV strains. 
 
  

• > 8 fold reduction 
• 8 fold reduction 
• 4 fold reduction 
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Table 25. Amino acid substitutions between recent swine 1970.1 strains compared to the nearest 
vaccine by amino acid similarity (A/Victoria/3/1975) and to the putative ancestral human seasonal 
H3 strain (H3 A/Port Chalmers/1/1973). 
 

site A
/V

ic
to

ria
/3

/1
97

5 

A/
sw

in
e/

Ita
ly

/1
35

78
2/

20
21

 

A/
sw

in
e/

Ita
ly

/2
57

20
/2

02
1  

A/
sw

in
e/

Ita
ly

/2
99

36
/2

02
1  

A
/P

or
t_

C
ha

lm
er

s/
1/

19
73

 

An
no

ta
tio

ns
 

3 L F F F F   
5 G R R R     
6 N K K K     
7 D G G G     

7+1 N - - - -   
8 N   D       

31 N D D D     
45 S N N N     
46 S F V F     
48 T M I M     
53 N K K     Site C 
56 H Y         
62 I A A A     
69 A S S S     
83 K R R R T   
88 V I I I     
92 K R R       

104 D E E E     
106 A T T T     
112 V I I I     
121 I T T T     
124 G N N N     
126 N       T   
132 Q     P     
133 N D   D   Site A 
137 N S S S   Site A 
138 A   T S     
143 P I I I   Site A 
144 D   N N   Site A 
145 S K K K   Site A 
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146 G S S S   Site A 
159 S N N N     
160 T       A   
163 V M   M     
164 Q       L   
171 N S S S     
173 N D D D     
174 S Y Y Y F   
189 K       Q Site B 
193 N D D D   Site B 
196 V I I I     
198 A E         
201 K       R Site D 
202 V I I I     
203 T I I I     
212 T I I I     
213 I V V       
217 V I I I I Site D 
219 S     P     
242 I T T T     
244 V I I I     
248 N K         
260 M I I I     
261 R Q Q Q     
267 I V V V     
278 S N N N I Site C 
299 K R R R     
307 K H H H     
309 V I I I     
323 V I I I     

aadiff   50 48 48 11   
*Reference vaccine in gray, swine strains in black 
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Table 26. Amino acid substitutions between swine 1990.1 strain compared to the most similar 
vaccine (A/Wuhan/359/1995). 
 

site A
/W

uh
an

/3
59

/9
5 

A/
sw

in
e/

M
is

so
ur

i/A
02

25
76

14
/2

01
8 

An
no

ta
tio

ns
 

88 V I   
106 A S   
124 G D   
135 T G   
138 A S   
190 D E   
194 I L   
199 S I   
208 R S Site D 
246 N S   
262 S N   
275 G D Site C 
278 N Y Site C 
307 R K   
312 N K   

aadiff   15   
*Reference vaccine strain in gray, swine strains in black 
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Table 27. Amino acid substitutions between recent swine 1990.4, 1990.4.a, 1990.4.b2, 1990.4.c, and 
1990.4.i compared to the nearest CVV (H3 A/Minnesota/11/2010|CVV|1990.4.a). 
 

site A
/M

in
ne

so
ta

/1
1/

20
10

 

3.
19

90
.4

|A
/s

w
in

e/
Q

ue
be

c/
N

20
20

-6
-1

/2
02

0 

3.
19

90
.4

.a
|A

/s
w

in
e/

N
or

th
_C

ar
ol

in
a/

A0
22

45
29

4/
20

1
9  3.

19
90

.4
.a

|A
/s

w
in

e/
Ko

re
a/

P1
7 -

4/
20

17
 

3.
19

90
.4

.b
2|

A/
sw

in
e/

Q
ue

be
c/

N
20

20
- 9

/2
02

0 

3.
19

90
.4

.c
|A

/s
w

in
e/

Q
ue

be
c/

N
20

20
-3

-1
/2

02
0  

3.
19

90
.4

.i|
A/

sw
in

e/
M

in
ne

so
ta

/A
02

24
56

71
/2

02
0  

An
no

ta
tio

ns
 

2 K     E         
5 G       R E     
6 S G   N         
7 D       G       
8 N           K   
9 S     R N N N   

10 M T         T   
12 T           M   
21 P         S     
27 K       R       
49 G           D   
50 R           K   
53 N       S     Site C 
54 S R           Site C 
57 Q           K   
58 I           V   
62 K           G   
75 H N             
78 D E             
80 Q           E   
81 N         D     
82 K E             
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83 E     K K       
96 N   S       D   

103 P         R     
107 T S     S S S   
112 V I             
117 N T     T T T   
119 E K K           
121 T       N   N   
122 Q P       P L Site A 
124 S   I   N N N   
131 A   T       D   
137 Y       N F F Site A 
138 A   S     S S   
140 R           K   
142 G K     E   N   
144 V I     N     Site A 
145 N K     K K   Site A 
155 Y       H   H Site B 
156 N H H   H H Q   
159 Y     H N H H   
163 E A     A A A   
164 Q L     L L L   
171 N         D     
173 K E       N     
189 K           M Site B 
192 T         I     
193 N       Y S S Site B 
194 L     I         
196 V I   A   A     
198 A     E     E   
199 S       P P     
200 G         E     
202 V       I       
203 I S     T   T   
204 V       I       
207 K   R         Site D 
213 V I             
217 I     V V     Site D 
233 Y       H       
236 I         V     
260 I           M   
261 Q     L     R   
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262 S           I   
266 S     T         
267 I     V         
269 R           K   
273 H P   Y P P L   
275 D G         G Site C 
276 E I     N N N   
279 S       F       
289 P   S           
299 K R     R R R   
304 A         T     
312 N     H         
323 V   I           

aadiff   25 9 14 30 28 39   
*Reference CVV in red, swine strains in black 
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Table 28. Amino acid substitutions between swine 3.1990.6 strain compared to the most similar 
vaccine (A/Moscow/10/1999). 
 

site A
/M

os
co

w
/1

0/
19

99
 

A/
sw

in
e/

Ka
go

sh
im

a/
37

-7
20

1/
20

19
 

A/
sw

in
e/

Ka
go

sh
im

a/
37

- 7
19

4/
20

19
 

A/
sw

in
e/

Ka
go

sh
im

a/
37

-7
19

8/
20

19
 

A/
sw

in
e/

Ka
go

sh
im

a/
37

-7
21

3/
20

19
 

A/
sw

in
e/

Ka
go

sh
im

a/
37

-7
21

8/
20

19
 

A/
sw

in
e/

Ka
go

sh
im

a/
58

-7
16

8/
20

19
 

A/
sw

in
e/

N
ag

as
ak

i/D
K -

01
/T

r/2
01

9 

A/
sw

in
e/

N
ag

as
ak

i/D
K-

01
/L

u/
20

19
 

An
no

ta
tio

ns
 

1 Q R R R R R R R R   
3 L H H H H H H H H   
5 G L L L L L L L L   
7 D S S S S S S S S   

10 T M M M M M M M M   
12 T M M M M M M M M   
33 Q H H H H H H H H   
48 T M M M M M M M M   
53 D N N N N N N N N Site C 
56 H Y Y Y Y Y Y Y Y   
78 G A A A A A A A A   
92 K T T T T T T T T   

102 V             I I   
110 S A A A A A A A A   
124 S N N N N N N N N   
135 T A A A A A A A A   
137 S T T T T T T T T Site A 
144 I S S S S S S S S Site A 
155 H Y Y Y Y Y Y Y Y Site B 
156 Q           H       
158 K R R R R R G R R   
159 Y           H       
160 R K K K K K K K K   
172 D E E E E E E E E   
186 S G G G G G G G G Site B 
189 S N N N N N N N N Site B 
192 T I I I I I I I I   
196 T A A A A A A A A   
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198 A           T T T   
203 T I I I I I I I I   
226 I V V V V V V V V   
229 R I I I I I I I I   
233 Y H H H H H H H H   
242 I T T T T T T T T   
262 S N N N N N N N N   
265 S G G G     G G G   
271 D N N N N N N N N   
273 P L L L L L         
276 K R R R R R R R R   
279 S A A A A A A A A   
280 E G G G G G G G G   
289 P S S S S S S S S   
312 N K K K K K K K K   
315 K R R R R R R R R   

aadiff   40 40 40 39 39 42 41 41   
*Reference vaccine strain in gray, swine strains in black 
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Table 29. Amino acid substitutions between recent swine 2010.1 strains compared to the nearest 
CVV (A/Ohio/13/2017). 
 

site A
/O

hi
o/

13
/2

01
7  

A/
sw

in
e/

U
ta

h/
A0

25
24

95
3/

20
20

 

An
no

ta
tio

ns
 

56 Y H   
88 V I   
92 K R   

112 V A   
144 S T Site A 
156 H Q   
167 T A   
209 N G   
312 N K   

aadiff   9   
*Reference CVV in red, swine strains in black 
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Table 30. Amino acid substitutions between 2010.2 strains compared to the most similar human 
vaccine (A/Kansas/14/2017). 
 

site A
/K

an
sa

s/
14

/2
01

7 

A/
sw

in
e/

Io
w

a/
A0

25
24

57
2/

20
20

 

An
no

ta
tio

ns
 

9 S G   
31 N D   
58 I V   
92 K R   

121 N K   
128 A T   
135 T E   
144 K S Site A 
145 S R Site A 
159 S Y   
167 T I   
189 K N Site B 
190 N D   
197 Q R   
203 T I   
227 P S   
326 R K   

aadiff   17   
*Reference vaccine strain in gray, swine strains in black 
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Summary and Risk Assessment 
 
During this reporting period, variant cases were reported in: 

• USA: H3N2v (1 2010.1; 1 1990.4a); H1N1v (1 1A.3.3.2, 2 1A.3.3.3); H1N2v (1 no 
sequence) 

• Canada: H3N2v (3.1990.4.i); H1N1v (1A.3.3.2); H1N2v (1A.1.1)  
• Denmark: H1N1v (1A.3.3.2)  
• Germany: H1N1v (1C.2.1) 
• China: H1N1v (4 1C.2.3) 
• Australia: H3N2v (1990-like) 

 
Europe: 
• The swine variant 1A.3.3.2 strain demonstrate reduced cross-reactivity to 

A/Brisbane/02/2018 and A/California/7/2009 and good cross-reactivity to 
A/Michigan/45/2015 (Table 1) but we note continued genetic heterogeneity in 
circulating 1A.3.3.2 lineage viruses in European pigs (Figure 7) 

• The contemporary swine 1B.1.2.2 demonstrate poor cross-reactivity to 
A/Michigan/383/2018 and good cross-reactivity to A/Chile/1/1983 (Table 11). 

• The A/swine/France/29-200254/2020 1C.2.4 strain (closest to the recent variant 
case – see Annex 2) was cross-reactive to the nearest 1C.2.1 clade CVV 
A/Netherlands/ 3315/2016 and 1C.2.3 A/Hunan/42443/2015 CNIC-1601 (Table 17). 

• The contemporary swine clades 1C.2.1, 1C.2.2, 1C.2.4 and 1C.2.5 demonstrate good 
cross-reactivity to CVV A/Netherlands/3115/2016 (APHA), apart from 
A/swine/Italy/383470/2020 (1C.2.4) (Table 18) 

• The swine 1C.2.2 variant virus A/Netherlands/Gent-193/2019 demonstrate good 
cross-reactivity to all the tested strains (Table 18). 

• The contemporary swine clades 1C.2.1, 1C.2.2, 1C.2.4 and 1C.2.5 demonstrate 
variable cross-reactivity to CVV A/Hunan/42443/2015 and other CVVs in 
development: A/ A/Netherlands/10370-1b/2020 and A/Hessen/47/2020-C2/MDCK1 
(Table 18). 

• The contemporary swine 3.1970.1 demonstrate moderate to poor cross-reactivity to 
all the tested strains (Table 24). 

 
 
North America: 
• 1A.1.1 lineage viruses demonstrated a significant loss of cross-reactivity against the CVV 

A/Ohio/24/2017 (Table 1) and represent a consistent proportion of 1A lineage viruses 
detected in U.S. pigs (Figure 7 and A1). 

• Global 1A.3.3.2 swine strains exhibit loss in cross-reactivity with current human seasonal 
vaccine strains. 

• There was one confirmed variant case within the 1A.3.3.3 clade-3, A/Wisconsin/03/2021 
H1N1v. 1A.3.3.3 clade-3 is a substantial proportion of 1A lineage viruses detected in U.S. 
pigs (Figure 7) and demonstrated loss in cross-reactivity against the 1A.3.3.3-clade 1 
CVV A/Ohio/24/2015 (Table 1). 
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• 1B.2.2.2 (delta-1b) demonstrated a significant loss in cross-reactivity against the CVV 
A/Iowa/32/2016 (Table 10) and represents a consistent proportion of 1B lineage viruses 
detected in U.S. pigs (Figure 8 and A1).  

• H3.1990.1 lineage viruses demonstrated a significant loss of cross-reactivity against the 
CVV A/Minnesota/ 11/2010 (Table 22) and represent a consistent proportion of H3 viruses 
detected in U.S. pigs (Figure 10 and A1). 

• H3.1990.4.a lineage viruses demonstrated a significant loss of cross-reactivity against the 
CVV A/Minnesota/ 11/2010 (Table 22) and represent a substantial proportion of H3 
viruses detected in U.S. pigs (Figure 10 and A1). 

• H3.1990.4.b2 lineage viruses demonstrated a significant loss of cross-reactivity against 
the CVV A/Minnesota/ 11/2010 (Table 22) and represent a consistent proportion of H3 
viruses detected in U.S. pigs (Figure 10 and A1). 

• H3 2010.1 and 2010.2 lineage viruses had significant loss in cross-reactivity with both the 
2010.1 CVV and to the human vaccine strain A/Iowa/60/2018. H3 2010.1 lineage viruses 
are a substantial proportion of H3 viruses detected in U.S. pigs (Figure 10 and A1). 

• Intermittent evidence of sustained transmission was the basis for selecting swine strains 
from outside the U.S. for synthesis of HA/NA on a PR8 backbone for antigenic 
characterization. Many of these antigens showed low cross-reactivity to CVV or human 
seasonal vaccine strains.  



   

66 

Annex 1. Geographic Distribution of swine HA phylogenetic clades by country  
 

 
 
Figure A1. Summary of swine HA clades by country, colored by phylogenetic clade for sequences 
collected January 1, 2021 – June 30, 2021 (n=383). 
 
 

 
Figure A2. Summary of swine HA genes colored by phylogenetic clade for sequences deposited 
January 1, 2021 – June 30, 2021 and truncated to collected the last 24 months (n=540). 
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Table A1. Summary of swine H1 clades by country, data deposited January 2021 - June 2021. 
 

clade  country count 
1A.1.1 CAN 6 
1A.1.1 USA 21 
1A.2 CAN 3 
1A.3.3.2 BEL 7 
1A.3.3.2 CAN 5 
1A.3.3.2 CHL 6 
1A.3.3.2 GBR 5 
1A.3.3.2 ITA 6 
1A.3.3.2 JPN 33 
1A.3.3.2 KAZ 2 
1A.3.3.2 MEX 2 
1A.3.3.2 RUS 4 
1A.3.3.2 USA 51 
1A.3.3.3 USA 120 
1A.4 USA 2 
1A.5.1 JPN 65 
1A.5.2 JPN 23 
1A.5.3 JPN 79 
1B.1.1 GBR 2 
1B.1.2.1 BEL 15 
1B.1.2.1 NLD 1 
1B.1.2.2 ITA 5 
1B.2.1 USA 83 
1B.2.2.1 USA 38 
1B.2.2.2 USA 13 
1C.2.1 BEL 17 
1C.2.1 DEU 3 
1C.2.1 ITA 4 
1C.2.2 BEL 10 
1C.2.2 ITA 7 
1C.2.2 NLD 1 
1C.2.4 ITA 5 
1C.2.4 RUS 3 
1C.2.5 ITA 4 
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Table A2 Summary of swine H3 clades by country by country, data deposited January 2021 -June 
2021. 
 

clade  country count 
3.1970.1 BEL 1 
3.1970.1 ITA 4 
3.1990.1 USA 3 
3.1990.4 CAN 1 
3.1990.4 MEX 2 
3.1990.4 USA 1 
3.1990.4.a USA 92 
3.1990.4.b1 USA 1 
3.1990.4.b2 CAN 4 
3.1990.4.c CAN 1 
3.1990.4.i CAN 2 
3.1990.6 JPN 10 
3.2010.1 USA 55 
3.2010.2 USA 2 
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Annex 2. Late Breaking Variant Detections 
 
USA 
A/Wisconsin/04/2021 (H1N1v) 1A.3.3.3 in July 2021 
A/Wisconsin/05/2021 (H1N1v) 1A.3.3.3 in August 2021 
A/Iowa/03/2021(H3N2v) H3.1990.4a in August 2021 
A/Iowa/04/2021 (H1N2v) 1B.2.1 in August 2021 
A/Ohio/3002857642/2021 (H1N2v) 1B.2.1 in September 2021 
 
Taiwan 
A/Taiwan/1/2021 (H1N1v) in March 2021 
This HA gene indicates that a clade with no recent evidence of continued circulation in swine is 
active and requires an updated swine clade designation, 1A.1.4. 
 
France 
A/Bretagne/24241/2021 (H1N2v) 1C.2.4 in August, 2021. 
This 1C.2.4 HA contains 3 amino acid deletions previously described and similar to HI tested strain 
A/swine/France/29-200254/2020 (Table 17, main report). 
 

 

A/swine/Italy/119396/2020|H1N1|2020-05-04

A/swine/Italy/129711-7/2020|H1N2|2020-05-12

A/swine/Spain/102/2018|H1N2|2018-02-22

A/swine/Denmark/18-6662-146_HA/2018|H1N2|2018-05-07

A/Bretagne/24241/2021|H1N2|2021-08-18

A/swine/Italy/114436/2021|H1N2|2021-04-01

A/Sw/France/22-200255/2020|H1N2|2020-08-12

A/swine/Denmark/18-6662-74_HA/2018|H1N2|2018-05-07

A/swine/Italy/18374/2020|H1N2|2020-01-16

A/swine/Arnsberg/6554/1979|H1N1|1979

A/Sw/France/29-200214/2020|H1N2|2020-07-13

A/swine/France/22-200113/2020|H1N2|2020-05-05

A/swine/Denmark/18-7948-51_HA/2018|H1N2|2018-06-07

A/swine/Denmark/18-6662-131_HA/2018|H1N2|2018-05-07

A/swine/Italy/383470/2020|H1N2|2020-11-23

A/swine/Italy/49456-3/2019|H1N2|2019-02-11

A/Sw/France/49-200216/2020|H1N2|2020-07-13

A/Sw/France/56-200257/2020|H1N2|2020-08-17

A/Sw/France/22-200213/2020|H1N2|2020-07-10

A/swine/Italy/85074/2020|H1N2|2020-03-11

A/Sw/France/29-200254/2020|H1N2|2020-08-13

A/swine/Denmark/18-6662-92_HA/2018|H1N2|2018-05-07

A/swine/Italy/121933-1/2021|H1N2|2021-05-07

A/Sw/France/72-200244/2020|H1N2|2020-07-22

A/swine/Italy/332220/2020|H1N2|2020-10-20

A/swine/Italy/69273/2020|H1N1|2020-02-26

A/Sw/France/22-200242/2020|H1N2|2020-07-29

A/Sw/France/22-200235/2020|H1N2|2020-07-17

A/swine/Italy/141142-2020|H1N1|2020-05-21

A/swine/Denmark/18-7305-75_HA/2018|H1N2|2018-05-24

A/Sw/France/22-200239/2020|H1N2|2020-07-21

A/Sw/France/22-200260/2020|H1N2|2020-08-20

A/Sw/France/22-200258/2020|H1N2|2020-08-19

A/swine/Denmark/18-7948-60_HA/2018|H1N2|2018-06-07

A/swine/Italy/97879/2021|H1N2|2021-03-19

A/Sw/France/56-200259/2020|H1N2|2020-08-20

A/Sw/France/29-200252/2020|H1N2|2020-08-07

A/swine/Denmark/18-6662-26_HA/2018|H1N2|2018-05-07

A/Sw/France/35-200251/2020|H1N2|2020-08-10

A/swine/Italy/97771/2020|H1N2|2020-04-02

A/swine/Italy/87067/H1N2|H1N2|2021-03-11

A/Sw/France/29-200264/2020|H1N2|2020-08-26

A/Sw/France/22-200215/2020|H1N2|2020-07-13

A/swine/Italy/94296/2020|H1N1|2020-03-20

A/swine/Italy/120718/2020|H1N1|2020-05-04

A/swine/Pskov_region/RII-41-2/2019|H1N2|2019-05-01
A/swine/Pskov_region/RII-8-100/2019|H1N2|2019-05-01

A/Sw/France/22-200249/2020|H1N2|2020-08-06

A/swine/Pskov_region/RII-6-100/2019|H1N2|2019-05-01

A/swine/Italy/258481/2020|H1N2|2020-08-26

A/swine/Denmark/18-6754-98_HA/2018|H1N2|2018-05-15

A/Sw/France/22-200237/2020|H1N2|2020-07-20

120, 128 and 129 deletions
relative to Arnsberg

120 and 128 deletions

128 deletion

128 and 155 deletions

Numbering relative to Arnsberg
Numbering relative to Bretagne
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offlu-vcm|A/swine/Gent/234/2020|H1N1|Swine|BEL|1C.2.1|2020-05-15

offlu-vcm|lab-21-a|A/swine/Italy/86554/2020|H1N1|Swine|ITA|1C.2.5|2020-03-11

offlu-vcm|A/swine/Gent/132/2020|H1N1|Swine|BEL|1C.2.2|2020-03-18

syntheticIAV|lab-21-b|A/swine/Korea/sw9/2020|H1N2|Swine|KOR|1C.2.3|2020

variant|lab-21-b|A/Pavia/65/2016|H1|Human|ITA|1C.2.1|2016

publicIAV|A/swine/Belgium/Gent-241/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

publicIAV|A/swine/Belgium/Gent-150/2016|H1N1|Swine|BEL|1C.2.1|2016-01-01

offlu-vcm|lab-20-b|A/swine/Spain/6370-1/2018|H1|Swine|ESP|1C.2.1|2018-06-02

offlu-vcm|A/swine/Italy/146817/2021|H1N1|Swine|ITA|1C.2.5|2021-04-28

publicIAV|A/swine/Belgium/Gent-205/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

offlu-vcm|lab-20-b|A/swine/Germany/AR8941/2016|H1|Swine|DEU|1C.2.2|2016

publicIAV|A/swine/Belgium/Gent-54/2019|H1N2|Swine|BEL|1C.2.1|2019-01-01

offlu-vcm|lab-21-b|A/swine/Italy/383470/2020|H1N2|Swine|ITA|1C.2.4|2020-11-23

variant|A/Yunnan-Longyang/SWL1982/2015|H1N1|Human|CHN|1C.2.3|2015-11-19

variant|A/Tianjin-baodi/1606/2018|H1N1|Human|CHN|1C.2.3|2018-12-11

offlu-vcm|lab-20-b|A/swine/Italy/76625-3/2019|H1N1|Swine|ITA|1C.2.1|2019-03-04

offlu-vcm|A/swine/Italy/46608/2021|H1N1|Swine|ITA|1C.2.2|2021-02-08

Consensus_1C.2.5_Dec2020-present

offlu-vcm|A/swine/Gent/303/2020|H1N1|Swine|BEL|1C.2.2|2020-10-29

offlu-vcm|lab-20-b|A/swine/Belgium/Gent/31/2018|H1|Swine|BEL|1C.2.2|2018

offlu-vcm|lab-20-b|A/swine/Belgium/Gent/9-P20/2018|H1|Swine|BEL|1C.2.1|2018

publicIAV|A/swine/Belgium/Gent-203/2019|H1N1|Swine|BEL|1C.2.2|2019-01-01

variant|A/Shandong-Lanshan/SWL1898/2014|H1N1|Human|CHN|1C.2.3|2014-11-26

publicIAV|A/swine/Pskov_region/RII-8-100/2019|H1N2|Swine|RUS|1C.2.4|2019-05-01
publicIAV|A/swine/Pskov_region/RII-41-2/2019|H1N2|Swine|RUS|1C.2.4|2019-05-01

publicIAV|A/swine/Belgium/Gent-31/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01
publicIAV|A/swine/Belgium/Gent-124/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

offlu-vcm|lab-20-b|A/swine/France/SIR3244/2017|H1|Swine|FRA|1C.2.1|2017

offlu-vcm|A/swine/Italy/61650/2021|H1N1|Swine|ITA|1C.2.2|2021-02-19
offlu-vcm|A/swine/Italy/59695/2021|H1N1|Swine|ITA|1C.2.2|2021-02-18

offlu-vcm|A/swine/Italy/80046/2021|H1N1|Swine|ITA|1C.2.2|2021-03-04

offlu-vcm|lab-21-b|A/swine/Italy/79598/2021|H1N1|Swine|ITA|1C.2.1|2021-03-05

publicIAV|A/swine/Belgium/Gent-243/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

offlu-vcm|A/swine/Italy/144671-4/2021|H1N1|Swine|ITA|1C.2.2|2021-05-07

offlu-vcm|A/swine/Italy/129064-2/2021|H1N1|Swine|ITA|1C.2.5|2021-05-07

offlu-vcm|lab-20-b|A/swine/Belgium/SIR5289/2017|H1|Swine|BEL|1C.2.2|2017

publicIAV|A/Sus_scrofa/Germany/fopro-15/2018|H1N1|Swine|DEU|1C.2.1|2018-10-12

Consensus_1C.2.4_2020-present

publicIAV|A/swine/Belgium/Gent-06/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

offlu-vcm|A/swine/Italy/121933-1/2021|H1N2|Swine|ITA|1C.2.4|2021-05-07

SwReference|A/swine/Arnsberg/6554/1979|H1N1|Swine|DEU|1C.1|1979

offlu-vcm|lab-21-a|A/swine/Italy/69273/2020|H1N1|Swine|ITA|1C.2.4|2020-02-26

offlu-vcm|A/swine/Italy/87067/H1N2|H1N2|Swine|ITA|1C.2.4|2021-03-11

variant|lab-21-b|A/Netherlands/10370-1/2020|H1N1|Swine|NLD|1C.2.1|2020-09-20

CVV|lab-21-b|A/Hessen/47/2020|H1|Human|DEU|1C.2.2|2020

offlu-vcm|lab-21-a|A/swine/Italy/64366/2020|H1N2|Swine|ITA|1C.2.1|2020-02-21

publicIAV|A/swine/Belgium/Gent-29/2019|H1N1|Swine|BEL|1C.2.2|2019-01-01

variant|lab-21-b|A/Netherlands/Gent_193/2019|H1|Human|NLD|1C.2.2|2019

publicIAV|A/swine/Belgium/Gent-184/2019|H1N1|Swine|BEL|1C.2.2|2019-01-01

variant|A/Fujian-cangshan/SWL624/2016|H1N1|Human|CHN|1C.2.3|2016-10-21

offlu-vcm|lab-20-b|A/swine/Italy/49456-3/2019|H1N2|Swine|ITA|1C.2.4|2019-02-11

publicIAV|A/swine/Belgium/Gent-202/2019|H1N1|Swine|BEL|1C.2.2|2019-01-01

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

offlu-vcm|lab-20-b|A/swine/Germany/Bak63/2017|H1|Swine|DEU|1C.2.1|2017

publicIAV|A/swine/Belgium/Gent-127/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

offlu-vcm|A/swine/Italy/138986/2021|H1N1|Swine|ITA|1C.2.5|2021-05-07

Consensus_1C.2.1_2020-present

off lu-vcm|lab-21-b|A/swine/Italy/114094-5/2021|H1N1|Swine|ITA|1C.2.5|2021-03-23

publicIAV|A/swine/Netherlands/Gent-103/2018|H1N1|Swine|NLD|1C.2.2|2018-01-01

publicIAV|A/swine/Pskov_region/RII-6-100/2019|H1N2|Swine|RUS|1C.2.4|2019-05-01

publicIAV|A/swine/Belgium/Gent-236/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

Consensus_1C.2.2_Dec2020-present

publicIAV|A/swine/Belgium/Gent-204/2019|H1N1|Swine|BEL|1C.2.2|2019-01-01

offlu-vcm|A/swine/Italy/101943/2021|H1N1|Swine|ITA|1C.2.2|2021-03-23

CVV|lab-21-b|A/Netherlands/3315/2016|H1|Human|NLD|1C.2.1|2016-11-04

variant|A/Jiangsu/1/2011|H1N1|Human|CHN|1C.2.3|2011-01-04

offlu-vcm|A/swine/Italy/90784/2021|H1N1|Swine|ITA|1C.2.1|2021-03-12

offlu-vcm|A/swine/Gent/236/2020|H1N1|Swine|BEL|1C.2.2|2020-05-15

offlu-vcm|lab-20-b|A/swine/Spain/6370-2/2018|H1|Swine|ESP|1C.2.2|2018-01-25

offlu-vcm|lab-20-b|A/swine/Belgium/Gent/13/2017|H1|Swine|BEL|1C.2.1|2017

variant|A/Hebei-Yuhua/SWL1250/2012|H1N1|Human|CHN|1C.2.3|2012-12-12

offlu-vcm|lab-20-b|A/swine/Spain/45690-4/2018|H1|Swine|ESP|1C.2.1|2018-01-31

offlu-vcm|A/swine/Italy/60892/2021|H1N1|Swine|ITA|1C.2.2|2021-02-18

publicIAV|A/swine/Belgium/Gent-208/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

publicIAV|A/swine/Belgium/Gent-05/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

variant|lab-21-b|A/Hebei-haigang/SWL1572/2019|H1N1|Human|CHN|1C.2.3|2019-11-14

offlu-vcm|lab-21-a|A/Sw/France/85-200222/2020|H1N1|Swine|FRA|1C.2.1|2020-07-13

offlu-vcm|lab-21-b|A/swine/Gent/25/2020|H1N1|Swine|BEL|1C.2.1|2020-01-10

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

variant|A/Yunnan-Wuhua/SWL1869/2015|H1N1|Human|CHN|1C.2.3|2015-11-23

SwReference|A/swine/Shandong/POS2539/2015|H1N1|Swine|CHN|1C.2.3|2015-12-09

publicIAV|A/Sus_scrofa/Germany/Fopro213-14/2018|H1N1|Swine|DEU|1C.2.1|2018-10-12

offlu-vcm|lab-21-b|A/swine/Italy/114436/2021|H1N2|Swine|ITA|1C.2.4|2021-04-01

offlu-vcm|lab-21-b|A/swine/Italy/16671/2021|H1N2|Swine|ITA|1C.2.1|2021-01-18

publicIAV|A/swine/Belgium/Gent-09/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

publicIAV|A/swine/Italy/13310/2016|H1N1|Swine|ITA|1C.2.1|2016-01-01

offlu-vcm|A/swine/Gent/135/2020|H1N1|Swine|BEL|1C.2.2|2020-03-18
offlu-vcm|A/swine/Gent/274/2020|H1N1|Swine|BEL|1C.2.2|2020-08-26

publicIAV|A/swine/Belgium/Gent-99/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

variant|lab-21-b|A/Mecklenburg-Vorpommern/1/2021|H1N1|Human|DEU|1C.2.1|2021-04-19

publicIAV|A/swine/Belgium/Gent-196/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

CVV|lab-21-b|A/Hunan/42443/2015|H1N1|Human|CHN|1C.2.3|2015-07-02

publicIAV|A/Sus_scrofa/Germany/1337/2018|H1N1|Swine|DEU|1C.2.1|2018-10-12

SwReference|A/swine/Korea/CY0423-12/2013|H1N2|Swine|KOR|1C.2.3|2013-04-23

offlu-vcm|lab-21-a|A/swine/Italy/127069/2020|H1N1|Swine|ITA|1C.2.5|2020-05-11

offlu-vcm|lab-20-b|A/swine/Spain/40340-1/2017|H1|Swine|ESP|1C.2.1|2017

offlu-vcm|lab-21-a|A/Sw/France/29-200254/2020|H1N2|Swine|FRA|1C.2.4|2020-08-13
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H1v candidate vaccine virus
Reported H1v cases
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1C.2.5 (n=4)
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#
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Annex 3. 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, 2021 – June 
31, 2021 (n=118) and 10 reference genes. The clade is rooted relative to the most recent in-clade 
CVV (A/Ohio/09/2015) and all branches are annotated by the respective amino acid mutations in the 
HA1 region. The strains are colored in consistence with Figure 7.  

0.02

publicIAV|A/swine/Ohio/A02635730/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-22

publicIAV|A/swine/North_Carolina/A02245816/2020|H1N1|Swine|USA|1A.3.3.3|2020-11-20

publicIAV|A/swine/Iowa/A02245880/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-02

publicIAV|A/swine/Iowa/A02525011/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-21

publicIAV|A/swine/Iowa/A02525134/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-01

publicIAV|A/swine/Iowa/A02635715/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-20

publicIAV|A/swine/Illinois/A02525048/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-08

publicIAV|A/swine/Minnesota/A02245859/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-28

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

publicIAV|A/swine/Iowa/A02635718/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-20

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

publicIAV|A/swine/Iowa/A02525313/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-30

publicIAV|A/swine/Iowa/A02635781/2021|H1N1|Swine|USA|1A.3.3.3|2021-05-04

publicIAV|A/swine/Iowa/A02635714/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-20

publicIAV|A/swine/North_Carolina/A02525149/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-10

publicIAV|A/swine/North_Carolina/A02525332/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-01

publicIAV|A/swine/Iowa/A02525386/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-08

publicIAV|A/swine/Illinois/A02525245/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-08

publicIAV|A/swine/Iowa/A02525039/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-05

publicIAV|A/swine/Iowa/A02525264/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-17

publicIAV|A/swine/Minnesota/A02525293/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-19

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

publicIAV|A/swine/Iowa/A02525217/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-26

publicIAV|A/swine/Iowa/A02525345/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-06

publicIAV|A/swine/Iowa/A02524994/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-17

publicIAV|A/swine/Iowa/A02525152/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-05

publicIAV|A/swine/Iowa/A02525186/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-17

publicIAV|A/swine/Minnesota/A02245864/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-05

publicIAV|A/swine/Missouri/A02524951/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-13

publicIAV|A/swine/Illinois/A02525069/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-11

publicIAV|A/swine/Minnesota/A01678644/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-21

publicIAV|A/swine/Illinois/A02525143/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-03

publicIAV|A/swine/Minnesota/A02245890/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-21

publicIAV|A/swine/North_Carolina/A02245826/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-04

publicIAV|A/swine/Iowa/A02525219/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-01

publicIAV|A/swine/Iowa/A02524980/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-09

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

publicIAV|A/swine/Iowa/A02635762/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-28

publicIAV|A/swine/North_Carolina/A02525246/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-08

publicIAV|A/swine/Iowa/A02525056/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-08

publicIAV|A/swine/Minnesota/A02525070/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-07

publicIAV|A/swine/Iowa/A02525230/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-03

publicIAV|A/swine/Indiana/A01812312/2020|H1N1|Swine|USA|1A.3.3.3|2020-10-15

publicIAV|A/swine/Iowa/A02524968/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-07

publicIAV|A/swine/Iowa/A02635719/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-20

publicIAV|A/swine/Nebraska/A02635754/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-27

publicIAV|A/swine/Illinois/A02525267/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-18

publicIAV|A/swine/Iowa/A02525133/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-01

publicIAV|A/swine/North_Carolina/A02525017/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-30

publicIAV|A/swine/Iowa/A02525105/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-21

publicIAV|A/swine/Minnesota/A02245820/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-03

publicIAV|A/swine/Iowa/A02525265/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-16

publicIAV|A/swine/Nebraska/A02525367/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-14

syntheticIAV|lab-21-b|A/swine/South_Korea/KS60/2016|H1N2|Swine|KOR|1A.3.3.3|2016-03-26

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

publicIAV|A/swine/Iowa/A02525112/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-22

publicIAV|A/swine/Iowa/A02635782/2021|H1N1|Swine|USA|1A.3.3.3|2021-05-04

publicIAV|A/swine/Indiana/A02525287/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-18

publicIAV|A/swine/North_Carolina/A02524972/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-14

publicIAV|A/swine/Iowa/A02525001/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-18

publicIAV|A/swine/Iowa/A02525360/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-08

publicIAV|A/swine/North_Carolina/A02525014/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-21

publicIAV|A/swine/Iowa/A02524833/2020|H1N1|Swine|USA|1A.3.3.3|2020-10-30

publicIAV|A/swine/Iowa/A02525349/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-07

publicIAV|A/swine/Iowa/A02525003/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-21

publicIAV|A/swine/Iowa/A02525156/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-09

publicIAV|A/swine/Iowa/A02525355/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-08

publicIAV|A/swine/Illinois/A02635729/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-21

publicIAV|A/swine/Illinois/A02525179/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-15

publicIAV|A/swine/Minnesota/A02525342/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-05

publicIAV|A/swine/Iowa/A02525216/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-25

publicIAV|A/swine/Iowa/A02525315/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-30

publicIAV|A/swine/Iowa/A02525000/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-18

publicIAV|A/swine/Iowa/A02525174/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-10

publicIAV|A/swine/North_Carolina/A02525107/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-26

publicIAV|A/swine/North_Carolina/A02245862/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-28

variant|A/North_Carolina/15/2020|H1N1|Human|USA|1A.3.3.3|2020-11-24__1

publicIAV|A/swine/Minnesota/A02525371/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-08

publicIAV|A/swine/Michigan/A02525352/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-06

publicIAV|A/swine/North_Carolina/A02525087/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-13

publicIAV|A/swine/Iowa/A02525354/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-08

publicIAV|A/swine/Illinois/A02524942/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-03

publicIAV|A/swine/Iowa/A02525090/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-18

publicIAV|A/swine/Iowa/A02525242/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-03

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

publicIAV|A/swine/Iowa/A02524939/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-02

publicIAV|A/swine/Iowa/A02525314/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-30

publicIAV|A/swine/Illinois/A02525303/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-25

publicIAV|A/swine/Minnesota/A02245778/2020|H1N1|Swine|USA|1A.3.3.3|2020-11-03

publicIAV|A/swine/North_Carolina/A02525074/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-08

publicIAV|A/swine/Minnesota/A02245818/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-01

Consensus_1A.3.3.3_Dec2020-present

publicIAV|A/swine/Minnesota/A02245810/2020|H1N1|Swine|USA|1A.3.3.3|2020-11-19

publicIAV|A/swine/Nebraska/A02524954/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-03

publicIAV|A/swine/Minnesota/A02525348/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-05

publicIAV|A/swine/Iowa/A02525307/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-25

publicIAV|A/swine/Iowa/A02525356/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-07

publicIAV|A/swine/Iowa/A02635723/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-20

publicIAV|A/swine/Minnesota/A02245881/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-02

publicIAV|A/swine/North_Carolina/A02525047/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-06

publicIAV|A/swine/Iowa/A02635787/2021|H1N1|Swine|USA|1A.3.3.3|2021-05-05

publicIAV|A/swine/Texas/A01104144/2020|H1N1|Swine|USA|1A.3.3.3|2020-10-22

publicIAV|A/swine/Iowa/A02245789/2020|H1N1|Swine|USA|1A.3.3.3|2020-11-18

publicIAV|A/swine/Indiana/A02635709/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-16

publicIAV|A/swine/Nebraska/A02524935/2020|H1N1|Swine|USA|1A.3.3.3|2020-11-30

publicIAV|A/swine/Minnesota/A02525091/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-19

publicIAV|A/swine/Illinois/A02525252/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-11

publicIAV|A/swine/Iowa/A02525240/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-03

publicIAV|A/swine/Minnesota/A02525324/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-29

publicIAV|A/swine/Iowa/A02525085/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-13

publicIAV|A/swine/Nebraska/A02525006/2020|H1N2|Swine|USA|1A.3.3.3|2020-12-22

publicIAV|A/swine/Iowa/A02525187/2021|H1N1|Swine|USA|1A.3.3.3|2021-02-17

publicIAV|A/swine/Iowa/A02525084/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-14

publicIAV|A/swine/Minnesota/A02525073/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-12

publicIAV|A/swine/North_Carolina/A02525015/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-21

publicIAV|A/swine/Illinois/A02525229/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-02

publicIAV|A/swine/Illinois/A02524984/2020|H1N1|Swine|USA|1A.3.3.3|2020-12-15

publicIAV|lab-21-a|A/swine/Minnesota/A02245409/2020|H1N1|Swine|USA|1A.3.3.3|2020-01-31

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

publicIAV|A/swine/Iowa/A02525389/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-08

publicIAV|A/swine/Iowa/A02525317/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-08

publicIAV|A/swine/Minnesota/A02525292/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-19

publicIAV|A/swine/Nebraska/A02525312/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-31

publicIAV|A/swine/Nebraska/A02635720/2021|H1N1|Swine|USA|1A.3.3.3|2021-04-21

publicIAV|A/swine/Iowa/A02525291/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-22

publicIAV|A/swine/Nebraska/A02525256/2021|H1N1|Swine|USA|1A.3.3.3|2021-03-17

publicIAV|A/swine/Iowa/A02525109/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-25

publicIAV|A/swine/Missouri/A02525065/2021|H1N1|Swine|USA|1A.3.3.3|2021-01-14
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Figure A4. A phylogeny of the 1A.3.3.2 (pdm) clade displaying n=70 sequences deposited January 
1, 2021 – June 30, 2021 and n=20 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. 
  

0.02

publicIAV|A/swine/Iowa/A02524958/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-04

offlu-vcm|A/swine/QC/1051413/2021|H1N1|Swine|CAN|1A.3.3.2|2021-03-02

publicIAV|A/swine/Missouri/A02525160/2021|H1N1|Swine|USA|1A.3.3.2|2021-02-11

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

offlu-vcm|lab-21-b|A/swine/England/096411/2020|H1N1|Swine|GBR|1A.3.3.2|2020-11-27

huReference|A/Iowa/23/2020|H1|Human|USA|1A.3.3.2|2020-09-30

publicIAV|A/swine/Indiana/A02525081/2021|H1N1|Swine|USA|1A.3.3.2|2021-01-19

huVaccine|lab-20-b|A/Idaho/07/2018|H1N1|Human|USA|3|2018

publicIAV|A/swine/Minnesota/A02525220/2021|H1N1|Swine|USA|1A.3.3.2|2021-02-26

offlu-vcm|A/swine/AB/N2021-043-174/2021|H1N1|Swine|CAN|1A.3.3.2|2021-01-15

publicIAV|A/swine/Iowa/A02525041/2021|H1N2|Swine|USA|1A.3.3.2|2021-01-05

huVaccine|lab-21-a|A/California/07/2009|H1N1|Human|USA|2009

offlu-vcm|A/swine/QC/1055177/2021|H1N1|Swine|CAN|1A.3.3.2|2021-02-15

publicIAV|A/swine/Indiana/A02525013/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-22

offlu-vcm|Seq_66_from_UMNonly/NORTH-CENTRAL-USA|H1|Swine|USA|1A.3.3.2|2020-10

publicIAV|A/swine/Iowa/A02525089/2021|H1N1|Swine|USA|1A.3.3.2|2021-01-18

publicIAV|A/swine/Iowa/A02524983/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-14

publicIAV|A/swine/Iowa/A02525376/2021|H1N2|Swine|USA|1A.3.3.2|2021-04-12

publicIAV|A/swine/Oklahoma/A02525154/2021|H1N1|Swine|USA|1A.3.3.2|2021-02-09

offlu-vcm|A/swine/Italy/275/2021|H1N1|Swine|ITA|1A.3.3.2|2021-01-04

offlu-vcm|A/swine/Kagoshima/43-216/2021|H1N1|Swine|JPN|1A.3.3.2|2021-02-01

offlu-vcm|A/swine/Italy/45924/2021|H1N1|Swine|ITA|1A.3.3.2|2021-02-08

publicIAV|A/swine/Missouri/A02524960/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-03

publicIAV|A/swine/Iowa/A02525398/2021|H1N1|Swine|USA|1A.3.3.2|2021-04-14

publicIAV|A/swine/Pennsylvania/A02525088/2021|H1N1|Swine|USA|1A.3.3.2|2021-01-13

publicIAV|lab-21-a|A/swine/Iowa/A02524480/2020|H1N1|Swine|USA|1A.3.3.2|2020-07-06

publicIAV|A/swine/Indiana/A02524938/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-02

publicIAV|A/swine/Ohio/A02525203/2021|H1N1|Swine|USA|1A.3.3.2|2021-02-23

huReference|A/Iowa/22/2020|H1|Human|USA|1A.3.3.2|2020-09-24

publicIAV|A/swine/North_Carolina/A02525052/2021|H1N1|Swine|USA|1A.3.3.2|2021-01-05

huVaccine|lab-21-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

publicIAV|A/swine/Colorado/A02245815/2020|H1N1|Swine|USA|1A.3.3.2|2020-11-25

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

publicIAV|A/swine/Nebraska/A02635786/2021|H1N1|Swine|USA|1A.3.3.2|2021-05-05

publicIAV|A/swine/Karaganda/04/2020|H1N1|Swine|KAZ|1A.3.3.2|2020-02-17

offlu-vcm|lab-21-b|A/swine/England/237596/2021|H1N1|Swine|GBR|1A.3.3.2|2021-04-09

publicIAV|A/swine/Illinois/A02525197/2021|H1N1|Swine|USA|1A.3.3.2|2021-02-22

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

publicIAV|A/swine/Iowa/A02635717/2021|H1N1|Swine|USA|1A.3.3.2|2021-04-19

publicIAV|A/swine/Iowa/A02524858/2020|H1N1|Swine|USA|1A.3.3.2|2020-11-02

publicIAV|A/swine/Iowa/A02525025/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-28

publicIAV|A/swine/Missouri/A01104146/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-14

publicIAV|A/swine/Iowa/A02525340/2021|H1N1|Swine|USA|1A.3.3.2|2021-04-01

huVaccine|lab-21-b|A/Michigan/45/2015|H1N1|Human|USA|6B.1|2015

publicIAV|A/swine/North_Carolina/A02525051/2021|H1N1|Swine|USA|1A.3.3.2|2021-01-05

offlu-vcm|A/swine/Italy/70217/2021|H1N1|Swine|ITA|1A.3.3.2|2021-02-25

publicIAV|A/swine/Ohio/A02525268/2021|H1N1|Swine|USA|1A.3.3.2|2021-03-17

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

offlu-vcm|A/swine/Italy/157329-3/2021|H1N1|Swine|ITA|1A.3.3.2|2021-05-06

publicIAV|A/swine/Ohio/A02525328/2021|H1N1|Swine|USA|1A.3.3.2|2021-03-31

publicIAV|A/swine/Iowa/A02524940/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-03

huVaccine|lab-21-b|A/Brisbane/02/2018|H1N1|Human|AUS|6B.1A/183P-1|2018

offlu-vcm|Seq_24_from_ISUonly/Missouri|H1|Swine|USA|1A.3.3.2|2021-01

huReference|A/Iowa/01/2021|H1|Human|USA|1A.3.3.2|2021-02-24

Consensus_1A.3.3.2_Dec2020-present

publicIAV|A/swine/Indiana/A02525304/2021|H1N1|Swine|USA|1A.3.3.2|2021-03-24

publicIAV|A/swine/Nebraska/A02245865/2021|H1N1|Swine|USA|1A.3.3.2|2021-01-05

publicIAV|A/swine/Missouri/A02525201/2021|H1N1|Swine|USA|1A.3.3.2|2021-02-23

offlu-vcm|lab-21-a|A/swine/Italy/241572/2020|H1N1|Swine|ITA|1A.3.3.2|2020-08-11

publicIAV|A/swine/Illinois/A02525010/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-21

publicIAV|A/swine/Ohio/A02525373/2021|H1N1|Swine|USA|1A.3.3.2|2021-04-12

publicIAV|A/swine/Nebraska/A02524936/2020|H1N2|Swine|USA|1A.3.3.2|2020-11-30

publicIAV|A/swine/Missouri/A02525159/2021|H1N1|Swine|USA|1A.3.3.2|2021-02-08

publicIAV|A/swine/Kazakhstan/3/2020|H1N1|Swine|KAZ|1A.3.3.2|2020-02-17

offlu-vcm|A/swine/Italy/391086/2020|H1N1|Swine|ITA|1A.3.3.2|2020-12-01

offlu-vcm|Seq_3_from_UMNonly/WESTERN-USA|H1|Swine|USA|1A.3.3.2|2020-09

publicIAV|A/swine/Indiana/A02635701/2021|H1N1|Swine|USA|1A.3.3.2|2021-04-19

offlu-vcm|Seq7_from_ISUonly/WESTERN-USA|H1|Swine|USA|1A.3.3.2|2020-12-02

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

huReference|A/North_Carolina/01/2021|H1|Human|USA|1A.3.3.2|2021-04-12

publicIAV|A/swine/Iowa/A02525083/2021|H1N1|Swine|USA|1A.3.3.2|2021-01-13

publicIAV|A/swine/Utah/A02635713/2021|H1N1|Swine|USA|1A.3.3.2|2021-04-20

publicIAV|A/swine/Iowa/A02524991/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-16

offlu-vcm|A/swine/Gent/275/2020|H1N1|Swine|BEL|1A.3.3.2|2020-08-26

offlu-vcm|A/swine/Italy/124851/2021|H1N1|Swine|ITA|1A.3.3.2|2021-04-20

publicIAV|A/swine/Iowa/A02524981/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-10

publicIAV|A/swine/Iowa/A02525045/2021|H1N1|Swine|USA|1A.3.3.2|2021-01-06

publicIAV|A/swine/Illinois/A02525224/2021|H1N2|Swine|USA|1A.3.3.2|2021-03-01

publicIAV|A/swine/Iowa/A02524990/2020|H1N1|Swine|USA|1A.3.3.2|2020-12-16

publicIAV|A/swine/North_Carolina/A02525053/2021|H1N1|Swine|USA|1A.3.3.2|2021-01-05

offlu-vcm|A/swine/QC/1065762/2021|H1N1|Swine|CAN|1A.3.3.2|2021-03-12

offlu-vcm|A/swine/Gent/33/2020|H1N1|Swine|BEL|1A.3.3.2|2020-01-10

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

huVaccine|lab-21-b|A/California/04/2009|H1N1|Human|USA|2009-04-01

offlu-vcm|A/swine/Gent/307/2020|H1N1|Swine|BEL|1A.3.3.2|2020-10-29

offlu-vcm|A/swine/MB/N2021-049-2/2021|H1N1|Swine|CAN|1A.3.3.2|2021-05-04

offlu-vcm|Seq_106_from_UMNonly/Minnesota|H1|Swine|USA|1A.3.3.2|2020-10

offlu-vcm|lab-21-b|A/swine/England/031766/2021|H1N1|Swine|GBR|1A.3.3.2|2021-02-10

publicIAV|A/swine/North_Carolina/A02245873/2021|H1N1|Swine|USA|1A.3.3.2|2021-01-20

K157Q

S85P

I96T

V47I

R74S,T165S,V296I

E66G,A196E,N229D

V19I,T120A,N125D,N147T,I149T,Q164R,E236D,A262T,T279I

T15I,N56S,A135S,P137S

A216V

N157D,Q194K,H274N
A135S

R113K

T120A,S184P,D188S,I322T

K43R,A48T,S121D,N125S,N129E,K130N,H138R,S143G,I167V,A187S,A196T,I217V,A257S,I296V,K309R

T2K,S74R,I96T,A120S,S128L,K130N,A135S,H138Q,A187T,S191T,D223N,N277D,T322V

N23K

H51N,R206K

G156E,G263E

V19I,K54N,R314K

I287M

Q194H

P137S,V174I

K157G

V47I,R206K,T217S

L41I,P118T,E156D,S163N,N186T

N64D,N97S,K146E,N163S

R45G,Q224R,P283A,I299V

N97D,Q164K,T186N

E103D

T82M,G179A

P137S,K142R,K161M,I186T,T217K,E236D,V273I,H297N

R45K,D127N,A141V,G156E,Q190R,A196E,T279N

P137L

I149V,G156E,Q164K,T217K

A141V,G156E,S191R,K210R,A262T

K130N

A73T

T257A,E284K

K142N,V152I,K164I,V251A

E225G

I5V,A187T

A188D,E190Q

K153T

S71L,T120E

L234I

T2I,A48D,E68G,N129D,K146N

N163K

G156E

G53S,D129N,K212E,G263R

S83P,N186S,T204S

K161E

P184S

K142R,A198T

I186T

G156E

E68G,G156E,R206K,I217K,K240R

A141S,-155R,E284D

G157R,K220R,N277S,T279N

T120A

V47E

V19I,K43Q,S69P,L70I,S74G,T82A,S85P,Q104H,K119N,N129S,A139N,G156E,I167V,L177V,A187D,S191W,N195D,D197N,R206K,I217R,A262T,T271A,V273I,D275N,K309R,K312R

A188T,S191N,A262S

N84S,N163S,T217I,V322I

A73V,G156E,N163K,K209R,E259K,A262T,I266V

K54N,P69T,A73V,A120T,S163N,N186S,Q190R

K119N,K142R,G156E,A196E,T217R,M258I,T271K,P323L

T217E

A73S,T120A,K142R

L162I,V251A

H8P,E68D,T120A,S121N,L162I,K303T

A188S

Q224R

K142R,R206K,V251A

V167A

D14Y,E284K

D14N,N125D,T217K

K142R

D261N

Q224R

D127E,R253K

G39E

P8H,N157G,M258V

D129E,G156E,A188S

N157K

R260K

N56D,G156E,V235L,M258V,I287L,A316V

A9T,H138Y,V273A

K146E,A188V,I268T

V30I,L44I,T120A

V152I

S71P,T72I,A73S,P124T,N125D,H126N,D127N,S128L,N129K,K130E,V132I,A135S,K142S,G156T,N157D,S163N,Q164I,I167T,D169N,S184P,T186A,Q190K,S191W,S205P,R206K,K212V,D223N,V235I,R260K,D275E,I296V,K303Q,I322E

R314K

R74K

T72K,A120T,K146R,I152T,D187N

P137S,G157E,Q194K,E225G

L315M

P118S,N125D,N130K,N195D,T217K

T2P,S69P,R206S,T257V

G203S,F211Y

L192I,A198T

L44I,M228I

D129N

S69L,D169N,T279I



   

73 

 
Figure A5. A phylogeny of the 1A.1.1 clade displaying n=27 sequences deposited January 1, 2021 – 
June 30, 2021 and n=7 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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publicIAV|lab-21-a|A/swine/Ill inois/A02524514/2020|H1N2|Swine|USA|1A.1.1|2020-07-31

offlu-vcm|lab-21-a|A/swine/Quebec/NCFAD-06-6/2020|H1|Swine|CAN|1A.1.1|2020

offlu-vcm|A/swine/QC/N2021-054-1/2021|H1N2|Swine|CAN|1A.1.1|2021-05-26

publicIAV|A/swine/Illinois/A02525118/2021|H1N2|Swine|USA|1A.1.1|2021-01-28

publicIAV|A/swine/Illinois/A02525288/2021|H1N2|Swine|USA|1A.1.1|2021-03-22

publicIAV|A/swine/Iowa/A02524933/2020|H1N2|Swine|USA|1A.1.1|2020-12-01

publicIAV|A/swine/Illinois/A02525239/2021|H1N2|Swine|USA|1A.1.1|2021-03-02

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

publicIAV|A/swine/Missouri/A02525009/2020|H1N2|Swine|USA|1A.1.1|2020-12-21

publicIAV|A/swine/Utah/A02635712/2021|H1N2|Swine|USA|1A.1.1|2021-04-19

publicIAV|A/swine/Ohio/A02525358/2021|H1N2|Swine|USA|1A.1.1|2021-04-08

CVV|lab-21-b|A/Ohio/24/2017|H1N2|Human|USA|1A.1.1|2017-07-25

publicIAV|A/swine/Utah/A02525294/2021|H1N2|Swine|USA|1A.1.1|2021-03-23

publicIAV|A/swine/Iowa/A02525384/2021|H1N2|Swine|USA|1A.1.1|2021-04-12

publicIAV|A/swine/Georgia/A01104143/2020|H1N2|Swine|USA|1A.1.1|2020-11-01

offlu-vcm|A/swine/MB/N2021-045-26/2021|H1N2|Swine|CAN|1A.1.1|2021-04-15

publicIAV|A/swine/Iowa/A02524979/2020|H1N2|Swine|USA|1A.1.1|2020-12-08

offlu-vcm|A/swine/ON/N2021-043-176/2021|H1N2|Swine|CAN|1A.1.1|2021-01-19

Consensus_1A.1.1_Dec2020-present

publicIAV|A/swine/North_Carolina/A02525369/2021|H1N2|Swine|USA|1A.1.1|2021-04-14

publicIAV|A/swine/Iowa/A02245813/2020|H1N2|Swine|USA|1A.1.1|2020-11-23

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

publicIAV|A/swine/North_Carolina/A02525026/2020|H1N2|Swine|USA|1A.1.1|2020-12-28

publicIAV|A/swine/North_Carolina/A02635751/2021|H1N2|Swine|USA|1A.1.1|2021-04-29

publicIAV|A/swine/Utah/A02525196/2021|H1N2|Swine|USA|1A.1.1|2021-02-23

offlu-vcm|A/swine/MB/N2021-043-185/2021|H1N2|Swine|CAN|1A.1.1|2021-04-03

offlu-vcm|A/swine/MB/N2021-045-22/2021|H1N2|Swine|CAN|1A.1.1|2021-04-08

offlu-vcm|A/swine/MB/N2021-043-184/2021|H1N2|Swine|CAN|1A.1.1|2021-03-11

publicIAV|A/swine/Nebraska/A02525119/2021|H1N2|Swine|USA|1A.1.1|2021-01-29

publicIAV|A/swine/Iowa/A02525341/2021|H1N2|Swine|USA|1A.1.1|2021-04-06

publicIAV|A/swine/Iowa/A02525185/2021|H1N2|Swine|USA|1A.1.1|2021-02-18

publicIAV|A/swine/North_Carolina/A02525308/2021|H1N1|Swine|USA|1A.1.1|2021-03-24

publicIAV|lab-20-b|A/swine/North_Carolina/A02245416/2020|H1N2|Swine|USA|1A.1.1|2020-02-13

publicIAV|A/swine/Kansas/A01104145/2020|H1N2|Swine|USA|1A.1.1|2020-11-21
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Figure A6. A phylogeny of the 1B.2.1 clade displaying n=83 sequences deposited January 1, 2021 – 
June 30, 2021 and n=7 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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publicIAV|A/swine/Iowa/A02525309/2021|H1N2|Swine|USA|1B.2.1|2021-03-26

publicIAV|A/swine/Iowa/A02525093/2021|H1N2|Swine|USA|1B.2.1|2021-01-18

publicIAV|A/swine/North_Carolina/A02525286/2021|H1N2|Swine|USA|1B.2.1|2021-03-17

publicIAV|A/swine/Indiana/A01812315/2021|H1N2|Swine|USA|1B.2.1|2021-04-05

publicIAV|A/swine/Iowa/A02525113/2021|H1N2|Swine|USA|1B.2.1|2021-01-21

publicIAV|A/swine/Iowa/A02524982/2020|H1N2|Swine|USA|1B.2.1|2020-12-10

publicIAV|A/swine/Minnesota/A02245884/2021|H1N2|Swine|USA|1B.2.1|2021-02-15

publicIAV|A/swine/Iowa/A02635703/2021|H1N2|Swine|USA|1B.2.1|2021-04-19

publicIAV|A/swine/Minnesota/A02245858/2020|H1N2|Swine|USA|1B.2.1|2020-12-17

publicIAV|A/swine/Iowa/A02525247/2021|H1N2|Swine|USA|1B.2.1|2021-03-09

publicIAV|A/swine/Illinois/A02635737/2021|H1N2|Swine|USA|1B.2.1|2021-04-29

publicIAV|lab-21-a|A/swine/Ill inois/A02139356/2018|H1N2|Swine|USA|1B.2.1|2018-01-03

publicIAV|A/swine/Missouri/A02525232/2021|H1N2|Swine|USA|1B.2.1|2021-03-03

publicIAV|A/swine/North_Carolina/A02525213/2021|H1N2|Swine|USA|1B.2.1|2021-03-02

publicIAV|A/swine/Missouri/A02524969/2020|H1N2|Swine|USA|1B.2.1|2020-12-09

publicIAV|A/swine/North_Carolina/A02245885/2021|H1N2|Swine|USA|1B.2.1|2021-03-02

publicIAV|A/swine/Illinois/A02525318/2021|H1N2|Swine|USA|1B.2.1|2021-03-30

publicIAV|A/swine/Iowa/A02635753/2021|H1N2|Swine|USA|1B.2.1|2021-04-22

publicIAV|A/swine/Minnesota/A02524966/2020|H1N2|Swine|USA|1B.2.1|2020-12-07

publicIAV|A/swine/Indiana/A02525131/2021|H1N2|Swine|USA|1B.2.1|2021-02-01

publicIAV|A/swine/Iowa/A02635763/2021|H1N2|Swine|USA|1B.2.1|2021-04-29

publicIAV|A/swine/North_Carolina/A02525038/2020|H1N2|Swine|USA|1B.2.1|2020-12-31

publicIAV|A/swine/North_Carolina/A02524950/2020|H1N2|Swine|USA|1B.2.1|2020-12-10

publicIAV|A/swine/Iowa/A02245830/2020|H1N2|Swine|USA|1B.2.1|2020-12-14

publicIAV|A/swine/North_Carolina/A02524945/2020|H1N2|Swine|USA|1B.2.1|2020-12-08

publicIAV|A/swine/Minnesota/A02245788/2020|H1N2|Swine|USA|1B.2.1|2020-11-17

publicIAV|A/swine/Minnesota/A02245866/2021|H1N2|Swine|USA|1B.2.1|2021-01-05

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

publicIAV|A/swine/Minnesota/A02245811/2020|H1N2|Swine|USA|1B.2.1|2020-11-19

publicIAV|A/swine/Minnesota/A02245883/2021|H1N2|Swine|USA|1B.2.1|2021-02-10

publicIAV|A/swine/Minnesota/A02245779/2020|H1N2|Swine|USA|1B.2.1|2020-11-03

publicIAV|A/swine/Nebraska/A02524932/2020|H1N2|Swine|USA|1B.2.1|2020-12-04

publicIAV|A/swine/Minnesota/A02524992/2020|H1N2|Swine|USA|1B.2.1|2020-12-15

publicIAV|A/swine/Indiana/A02525054/2021|H1N2|Swine|USA|1B.2.1|2021-01-05

publicIAV|A/swine/Iowa/A02635721/2021|H1N2|Swine|USA|1B.2.1|2021-04-20

publicIAV|A/swine/Iowa/A02525072/2021|H1N2|Swine|USA|1B.2.1|2021-01-12

publicIAV|A/swine/Iowa/A02525226/2021|H1N2|Swine|USA|1B.2.1|2021-02-25

publicIAV|A/swine/Iowa/A02525110/2021|H1N2|Swine|USA|1B.2.1|2021-01-27

publicIAV|A/swine/Indiana/A02525193/2021|H1N2|Swine|USA|1B.2.1|2021-02-15

publicIAV|A/swine/North_Carolina/A02635735/2021|H1N2|Swine|USA|1B.2.1|2021-04-23

publicIAV|A/swine/North_Carolina/A02525120/2021|H1N2|Swine|USA|1B.2.1|2021-01-21

publicIAV|A/swine/Iowa/A02525189/2021|H1N2|Swine|USA|1B.2.1|2021-02-17

publicIAV|A/swine/Iowa/A02525004/2020|H1N2|Swine|USA|1B.2.1|2020-12-21

publicIAV|A/swine/Pennsylvania/A02525171/2021|H1N2|Swine|USA|1B.2.1|2021-02-16

publicIAV|A/swine/Iowa/A02525250/2021|H1N2|Swine|USA|1B.2.1|2021-03-11

publicIAV|A/swine/North_Carolina/A02525248/2021|H1N2|Swine|USA|1B.2.1|2021-03-05

publicIAV|A/swine/North_Carolina/A02245874/2021|H1N2|Swine|USA|1B.2.1|2021-01-21

publicIAV|A/swine/Iowa/A02524985/2020|H1N2|Swine|USA|1B.2.1|2020-12-14

publicIAV|A/swine/Iowa/A02525353/2021|H1N2|Swine|USA|1B.2.1|2021-04-07

publicIAV|A/swine/Minnesota/A02245871/2021|H1N2|Swine|USA|1B.2.1|2021-01-11

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

CVV|lab-21-b|A/Michigan/383/2018|H1N2|Human|USA|1B.2.1|2018-07-31

publicIAV|A/swine/Minnesota/A02245876/2021|H1N2|Swine|USA|1B.2.1|2021-01-25

publicIAV|A/swine/Iowa/A02635755/2021|H1N2|Swine|USA|1B.2.1|2021-04-27

publicIAV|A/swine/Iowa/A02635706/2021|H1N2|Swine|USA|1B.2.1|2021-04-20

publicIAV|A/swine/North_Carolina/A02524949/2020|H1N2|Swine|USA|1B.2.1|2020-12-10

publicIAV|A/swine/Minnesota/A02245783/2020|H1N2|Swine|USA|1B.2.1|2020-11-13

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

publicIAV|A/swine/Iowa/A02525339/2021|H1N2|Swine|USA|1B.2.1|2021-04-02

publicIAV|A/swine/Indiana/A02524931/2020|H1N2|Swine|USA|1B.2.1|2020-12-01

publicIAV|A/swine/Minnesota/A02245819/2020|H1N2|Swine|USA|1B.2.1|2020-12-02

publicIAV|A/swine/Minnesota/A02635716/2021|H1N2|Swine|USA|1B.2.1|2021-04-19

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

publicIAV|A/swine/Michigan/A02635726/2021|H1N2|Swine|USA|1B.2.1|2021-04-21

publicIAV|A/swine/South_Carolina/A02525283/2021|H1N2|Swine|USA|1B.2.1|2021-03-26

publicIAV|A/swine/North_Carolina/A02525225/2021|H1N2|Swine|USA|1B.2.1|2021-02-24

publicIAV|A/swine/Minnesota/A02245868/2021|H1N2|Swine|USA|1B.2.1|2021-01-07

publicIAV|A/swine/Iowa/A02525350/2021|H1N2|Swine|USA|1B.2.1|2021-04-07

publicIAV|A/swine/Minnesota/A01678642/2021|H1N2|Swine|USA|1B.2.1|2021-01-04

publicIAV|A/swine/Iowa/A02524976/2020|H1N2|Swine|USA|1B.2.1|2020-12-20

publicIAV|A/swine/Pennsylvania/A02525330/2021|H1N2|Swine|USA|1B.2.1|2021-04-01

publicIAV|A/swine/Illinois/A02525222/2021|H1N2|Swine|USA|1B.2.1|2021-03-01

publicIAV|A/swine/Iowa/A02525285/2021|H1N2|Swine|USA|1B.2.1|2021-03-18

publicIAV|A/swine/Minnesota/A02245787/2020|H1N2|Swine|USA|1B.2.1|2020-11-16

publicIAV|A/swine/Iowa/A02524406/2020|H1N2|Swine|USA|1B.2.1|2020-12-03

publicIAV|A/swine/Iowa/A02525135/2021|H1N2|Swine|USA|1B.2.1|2021-02-01

publicIAV|A/swine/Iowa/A02525157/2021|H1N2|Swine|USA|1B.2.1|2021-02-10

publicIAV|A/swine/Missouri/A02524993/2020|H1N2|Swine|USA|1B.2.1|2020-12-14

publicIAV|A/swine/Pennsylvania/A02525055/2021|H1N2|Swine|USA|1B.2.1|2021-01-04

publicIAV|A/swine/Iowa/A02635722/2021|H1N2|Swine|USA|1B.2.1|2021-04-22

publicIAV|A/swine/Minnesota/A02525359/2021|H1N2|Swine|USA|1B.2.1|2021-04-08

publicIAV|A/swine/Iowa/A02525380/2021|H1N2|Swine|USA|1B.2.1|2021-04-13

publicIAV|A/swine/Indiana/A02525394/2021|H1N2|Swine|USA|1B.2.1|2021-04-19

publicIAV|A/swine/Iowa/A02525022/2020|H1N2|Swine|USA|1B.2.1|2020-12-29

publicIAV|A/swine/Iowa/A02635765/2021|H1N2|Swine|USA|1B.2.1|2021-04-27

publicIAV|A/swine/Iowa/A02525071/2021|H1N2|Swine|USA|1B.2.1|2021-01-12

publicIAV|A/swine/Minnesota/A02245872/2021|H1N2|Swine|USA|1B.2.1|2021-01-18

publicIAV|A/swine/North_Carolina/A02525282/2021|H1N2|Swine|USA|1B.2.1|2021-03-24

Consensus_1B.2.1_Dec2020-present

publicIAV|A/swine/Minnesota/A02524987/2020|H1N2|Swine|USA|1B.2.1|2020-12-14
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Figure A7. A phylogeny of the 1B.2.2.1 clade displaying n=10 sequences deposited January 1, 2021 
– June 30, 2021 and n=5 reference genes. The clade is rooted relative to the most recent in-clade 
CVV (A/Iowa/32/2016) and all branches are annotated by the respective amino acid mutations in the 
HA1 region. The strains are colored in consistence with Figure 8. 
  

variant|A/Colorado/16/2017|H1N2|Human|USA|1B.2.2.1|2017-10-19

publicIAV|A/swine/Indiana/A02525077/2021|H1N2|Swine|USA|1B.2.2.1|2021-01-13

publicIAV|A/swine/Illinois/A02525086/2021|H1N2|Swine|USA|1B.2.2.1|2021-01-14

Consensus_1B.2.2.1_Dec2020-present

publicIAV|A/swine/Illinois/A02524941/2020|H1N2|Swine|USA|1B.2.2.1|2020-12-01

publicIAV|A/swine/Colorado/A02245827/2020|H1N2|Swine|USA|1B.2.2.1|2020-12-09

publicIAV|A/swine/Iowa/A02525385/2021|H1N2|Swine|USA|1B.2.2.1|2021-04-14

publicIAV|A/swine/Indiana/A02525188/2021|H1N2|Swine|USA|1B.2.2.1|2021-02-18

publicIAV|A/swine/Iowa/A02525377/2021|H1N2|Swine|USA|1B.2.2.1|2021-04-13

publicIAV|A/swine/Iowa/A02525114/2021|H1N2|Swine|USA|1B.2.2.1|2021-01-25

publicIAV|lab-21-a|A/swine/Iowa/A02478968/2020|H1N2|Swine|USA|1B.2.2.1|2020-01-02

publicIAV|lab-21-b|A/swine/Wyoming/A02525343/2021|H1N2|Swine|USA|1B.2.2.1|2021-04-05

publicIAV|A/swine/Iowa/A02525361/2021|H1N2|Swine|USA|1B.2.2.1|2021-04-09

publicIAV|A/swine/Indiana/A01812313/2020|H1N2|Swine|USA|1B.2.2.1|2020-10-13

CVV|lab-21-b|A/Iowa/32/2016|H1N2|Human|USA|1B.2.2.1|2016-11-04
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Figure A8. A phylogeny of the 1C.2.1 clade displaying n=22 sequences deposited January 1, 2021 – 
June 30, 2021 and n=15 reference genes. The clade is rooted relative to the most recent in-clade 
CVV (A/Netherlands/3315/2016) and all branches are annotated by the respective amino acid 
mutations in the HA1 region. The strains are colored in consistence with Figure 9. 
  

0.02

offlu-vcm|lab-21-b|A/swine/Italy/16671/2021|H1N2|Swine|ITA|1C.2.1|2021-01-18

publicIAV|A/swine/Belgium/Gent-196/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

publicIAV|A/Sus_scrofa/Germany/fopro-15/2018|H1N1|Swine|DEU|1C.2.1|2018-10-12

publicIAV|A/swine/Belgium/Gent-05/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

variant|lab-21-b|A/Pavia/65/2016|H1|Human|ITA|1C.2.1|2016

publicIAV|A/Sus_scrofa/Germany/Fopro213-14/2018|H1N1|Swine|DEU|1C.2.1|2018-10-12

offlu-vcm|lab-20-b|A/swine/Spain/45690-4/2018|H1|Swine|ESP|1C.2.1|2018-01-31

publicIAV|A/swine/Belgium/Gent-127/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

offlu-vcm|lab-20-b|A/swine/Italy/76625-3/2019|H1N1|Swine|ITA|1C.2.1|2019-03-04

offlu-vcm|A/swine/Gent/234/2020|H1N1|Swine|BEL|1C.2.1|2020-05-15

variant|lab-21-b|A/Netherlands/10370-1/2020|H1N1|Swine|NLD|1C.2.1|2020-09-20

Consensus_1C.2.1_2020-present

offlu-vcm|lab-21-a|A/Sw/France/85-200222/2020|H1N1|Swine|FRA|1C.2.1|2020-07-13

publicIAV|A/swine/Belgium/Gent-236/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

publicIAV|A/swine/Belgium/Gent-54/2019|H1N2|Swine|BEL|1C.2.1|2019-01-01

CVV|lab-21-b|A/Netherlands/3315/2016|H1|Human|NLD|1C.2.1|2016-11-04

publicIAV|A/swine/Belgium/Gent-205/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

publicIAV|A/swine/Belgium/Gent-09/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

offlu-vcm|lab-20-b|A/swine/Belgium/Gent/9-P20/2018|H1|Swine|BEL|1C.2.1|2018

publicIAV|A/swine/Belgium/Gent-31/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

publicIAV|A/swine/Belgium/Gent-243/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

offlu-vcm|lab-20-b|A/swine/Belgium/Gent/13/2017|H1|Swine|BEL|1C.2.1|2017

variant|lab-21-b|A/Mecklenburg-Vorpommern/1/2021|H1N1|Human|DEU|1C.2.1|2021-04-19

offlu-vcm|lab-21-b|A/swine/Italy/79598/2021|H1N1|Swine|ITA|1C.2.1|2021-03-05

offlu-vcm|A/swine/Italy/90784/2021|H1N1|Swine|ITA|1C.2.1|2021-03-12

publicIAV|A/swine/Belgium/Gent-124/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

publicIAV|A/swine/Belgium/Gent-99/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

publicIAV|A/swine/Belgium/Gent-241/2018|H1N1|Swine|BEL|1C.2.1|2018-01-01

offlu-vcm|lab-20-b|A/swine/France/SIR3244/2017|H1|Swine|FRA|1C.2.1|2017

offlu-vcm|lab-20-b|A/swine/Germany/Bak63/2017|H1|Swine|DEU|1C.2.1|2017

offlu-vcm|lab-21-b|A/swine/Gent/25/2020|H1N1|Swine|BEL|1C.2.1|2020-01-10

offlu-vcm|lab-20-b|A/swine/Spain/40340-1/2017|H1|Swine|ESP|1C.2.1|2017

publicIAV|A/swine/Belgium/Gent-06/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

offlu-vcm|lab-20-b|A/swine/Spain/6370-1/2018|H1|Swine|ESP|1C.2.1|2018-06-02

publicIAV|A/swine/Belgium/Gent-208/2019|H1N1|Swine|BEL|1C.2.1|2019-01-01

publicIAV|A/Sus_scrofa/Germany/1337/2018|H1N1|Swine|DEU|1C.2.1|2018-10-12

offlu-vcm|lab-21-a|A/swine/Italy/64366/2020|H1N2|Swine|ITA|1C.2.1|2020-02-21
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Figure A9. A phylogeny of the 1C.2.2 clade displaying n=12 sequences deposited January 1, 2021 – 
June 30, 2021 and n=3 reference genes. The clade is rooted relative to the most recent in-clade 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. 
  

0.004

Consensus_1C.2.2_Dec2020-present

CVV|lab-21-b|A/Hessen/47/2020|H1|Human|DEU|1C.2.2|2020

offlu-vcm|A/swine/Italy/144671-4/2021|H1N1|Swine|ITA|1C.2.2|2021-05-07

offlu-vcm|A/swine/Gent/303/2020|H1N1|Swine|BEL|1C.2.2|2020-10-29

offlu-vcm|A/swine/Gent/236/2020|H1N1|Swine|BEL|1C.2.2|2020-05-15

offlu-vcm|A/swine/Gent/274/2020|H1N1|Swine|BEL|1C.2.2|2020-08-26

offlu-vcm|A/swine/Italy/59695/2021|H1N1|Swine|ITA|1C.2.2|2021-02-18

offlu-vcm|A/swine/Gent/132/2020|H1N1|Swine|BEL|1C.2.2|2020-03-18

variant|lab-21-b|A/Netherlands/Gent_193/2019|H1|Human|NLD|1C.2.2|2019

offlu-vcm|A/swine/Italy/101943/2021|H1N1|Swine|ITA|1C.2.2|2021-03-23

offlu-vcm|A/swine/Italy/61650/2021|H1N1|Swine|ITA|1C.2.2|2021-02-19

offlu-vcm|A/swine/Gent/135/2020|H1N1|Swine|BEL|1C.2.2|2020-03-18

offlu-vcm|A/swine/Italy/80046/2021|H1N1|Swine|ITA|1C.2.2|2021-03-04

offlu-vcm|A/swine/Italy/60892/2021|H1N1|Swine|ITA|1C.2.2|2021-02-18

offlu-vcm|A/swine/Italy/46608/2021|H1N1|Swine|ITA|1C.2.2|2021-02-08
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Figure A10. A phylogeny of the 3.2010.1 clade displaying n=50 sequences deposited January 1, 2021 
– June 30, 2021 and n=7 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. 
  

0.004

publicIAV|A/swine/Minnesota/A02245823/2020|H3N2|Swine|USA|3.2010.1|2020-11-10

publicIAV|A/swine/Iowa/A02525183/2021|H3N2|Swine|USA|3.2010.1|2021-02-17

publicIAV|A/swine/Iowa/A02525261/2021|H3N2|Swine|USA|3.2010.1|2021-03-16

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

Consensus_3.2010.1_Dec2020-present

publicIAV|lab-21-b|A/swine/Utah/A02524953/2020|H3N2|Swine|USA|3.2010.1|2020-12-03

publicIAV|A/swine/Iowa/A02635739/2021|H3N2|Swine|USA|3.2010.1|2021-04-30

publicIAV|A/swine/Iowa/A02635700/2021|H3N2|Swine|USA|3.2010.1|2021-04-15

publicIAV|A/swine/Iowa/A01678653/2021|H3N2|Swine|USA|3.2010.1|2021-06-02

publicIAV|A/swine/Iowa/A02525042/2020|H3N2|Swine|USA|3.2010.1|2020-12-30

publicIAV|A/swine/Nebraska/A02525176/2021|H3N2|Swine|USA|3.2010.1|2021-02-10

publicIAV|A/swine/Iowa/A02524934/2020|H3N2|Swine|USA|3.2010.1|2020-11-30

publicIAV|A/swine/Oklahoma/A02525142/2021|H3N2|Swine|USA|3.2010.1|2021-02-02

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

publicIAV|A/swine/Iowa/A02635788/2021|H3N2|Swine|USA|3.2010.1|2021-05-05

publicIAV|A/swine/Iowa/A02525002/2020|H3N2|Swine|USA|3.2010.1|2020-12-21

publicIAV|A/swine/Iowa/A02525306/2021|H3N2|Swine|USA|3.2010.1|2021-03-26

publicIAV|A/swine/Iowa/A02525005/2020|H3N2|Swine|USA|3.2010.1|2020-12-18

publicIAV|A/swine/Iowa/A02525175/2021|H3N1|Swine|USA|3.2010.1|2021-02-12

publicIAV|A/swine/Missouri/A02525123/2021|H3N2|Swine|USA|3.2010.1|2021-01-27

publicIAV|A/swine/Louisiana/A02525266/2021|H3N2|Swine|USA|3.2010.1|2021-03-16

publicIAV|A/swine/Iowa/A02525221/2021|H3N2|Swine|USA|3.2010.1|2021-03-01

publicIAV|A/swine/South_Dakota/A02525141/2021|H3N2|Swine|USA|3.2010.1|2021-02-02

publicIAV|A/swine/Iowa/A02525298/2021|H3N2|Swine|USA|3.2010.1|2021-03-08

publicIAV|A/swine/Iowa/A02525249/2021|H3N2|Swine|USA|3.2010.1|2021-03-11

publicIAV|A/swine/Iowa/A02525363/2021|H3N2|Swine|USA|3.2010.1|2021-04-14

publicIAV|A/swine/Nebraska/A02524963/2020|H3N2|Swine|USA|3.2010.1|2020-12-02

publicIAV|A/swine/Utah/A02525117/2021|H3N2|Swine|USA|3.2010.1|2021-01-27

publicIAV|A/swine/Iowa/A02525040/2021|H3N2|Swine|USA|3.2010.1|2021-01-05

publicIAV|A/swine/Nebraska/A02524965/2020|H3N2|Swine|USA|3.2010.1|2020-12-07

publicIAV|A/swine/Iowa/A02525036/2020|H3N2|Swine|USA|3.2010.1|2020-12-30

publicIAV|A/swine/Nebraska/A02525301/2021|H3N2|Swine|USA|3.2010.1|2021-03-25

publicIAV|A/swine/Iowa/A02525106/2021|H3N2|Swine|USA|3.2010.1|2021-01-22

publicIAV|A/swine/Iowa/A02525076/2021|H3N2|Swine|USA|3.2010.1|2021-01-14

publicIAV|A/swine/Iowa/A02525316/2021|H3N2|Swine|USA|3.2010.1|2021-03-29

publicIAV|A/swine/Iowa/A02525214/2021|H3N2|Swine|USA|3.2010.1|2021-02-24

publicIAV|A/swine/Minnesota/A02245861/2020|H3N2|Swine|USA|3.2010.1|2020-12-30

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

publicIAV|A/swine/Iowa/A02524986/2020|H3N2|Swine|USA|3.2010.1|2020-12-16

publicIAV|A/swine/Missouri/A02635727/2021|H3N2|Swine|USA|3.2010.1|2021-04-21

publicIAV|A/swine/Ill inois/A02635728/2021|H3N2|Swine|USA|3.2010.1|2021-04-20

CVV|lab-21-b|A/Ohio/28/2016|H3N2|Swine|USA|3.2010.1|2016

publicIAV|A/swine/Iowa/A02524943/2020|H3N2|Swine|USA|3.2010.1|2020-12-02

publicIAV|A/swine/Missouri/A02525178/2021|H3N2|Swine|USA|3.2010.1|2021-02-11

publicIAV|A/swine/Iowa/A02635791/2021|H3N2|Swine|USA|3.2010.1|2021-05-11

publicIAV|A/swine/Missouri/A02524964/2020|H3N2|Swine|USA|3.2010.1|2020-12-07

publicIAV|lab-21-a|A/swine/Kansas/A02245675/2020|H3N2|Swine|USA|3.2010.1|2020-06-24

publicIAV|A/swine/Minnesota/A02525223/2021|H3N2|Swine|USA|3.2010.1|2021-02-26

publicIAV|A/swine/Missouri/A02525199/2021|H3N2|Swine|USA|3.2010.1|2021-02-22

publicIAV|A/swine/Iowa/A02525173/2021|H3N2|Swine|USA|3.2010.1|2021-02-10

publicIAV|A/swine/Missouri/A02524996/2020|H3N2|Swine|USA|3.2010.1|2020-12-17

publicIAV|A/swine/Iowa/A02525037/2021|H3N2|Swine|USA|3.2010.1|2021-01-04

publicIAV|A/swine/Iowa/A02525153/2021|H3N2|Swine|USA|3.2010.1|2021-02-09

publicIAV|A/swine/Iowa/A02525351/2021|H3N2|Swine|USA|3.2010.1|2021-04-07

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

publicIAV|A/swine/Ill inois/A02525379/2021|H3N2|Swine|USA|3.2010.1|2021-04-09

publicIAV|A/swine/Minnesota/A02525137/2021|H3N2|Swine|USA|3.2010.1|2021-02-02
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Figure A11. A phylogeny of the 3.1990.4.a clade displaying n=91 swine sequences deposited January 
1, 2021 – June 30, 2021 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. 

0.005

publicIAV|A/swine/Minnesota/A02245867/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-07

publicIAV|A/swine/Iowa/A02524962/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-08

publicIAV|A/swine/North_Carolina/A02525368/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-13

publicIAV|A/swine/North_Carolina/A02525158/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-05

publicIAV|A/swine/Indiana/A01812314/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-14

publicIAV|A/swine/Indiana/A02635733/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-23

publicIAV|A/swine/North_Carolina/A02525064/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-13

publicIAV|A/swine/Indiana/A02635710/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-20

publicIAV|A/swine/North_Carolina/A02635764/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-29

publicIAV|A/swine/Ohio/A02525323/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-30

publicIAV|A/swine/Indiana/A02525066/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-14

publicIAV|A/swine/Iowa/A02525290/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-23

publicIAV|A/swine/Michigan/A02635708/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-20

publicIAV|A/swine/South_Dakota/A02525007/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-21

publicIAV|A/swine/Minnesota/A02245828/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-11

publicIAV|A/swine/Iowa/A02525399/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-08

publicIAV|A/swine/Indiana/A02525280/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-23

publicIAV|A/swine/Indiana/A02525078/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-05

publicIAV|A/swine/Iowa/A02525320/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-30

publicIAV|A/swine/Iowa/A02635784/2021|H3N2|Swine|USA|3.1990.4.a|2021-05-05

publicIAV|A/swine/North_Carolina/A02245888/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-15

publicIAV|A/swine/Indiana/A02525269/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-17

publicIAV|A/swine/Pennsylvania/A02635736/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-27

publicIAV|A/swine/North_Carolina/A02524944/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-07

publicIAV|A/swine/Iowa/A02525063/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-13

publicIAV|A/swine/Ohio/A02525296/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-22

syntheticIAV|lab-21-b|A/swine/Korea/P17-4/2017|H3N2|Swine|KOR|3.1990.4.a|2017-05-17

publicIAV|lab-21-a|A/swine/North_Carolina/A02245294/2019|H3N2|Swine|USA|3.1990.4.a|2019-10-15

publicIAV|A/swine/Minnesota/A02245889/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-15

publicIAV|A/swine/Illinois/A02635759/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-27

publicIAV|A/swine/Iowa/A02524937/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-01

publicIAV|A/swine/North_Carolina/A02525094/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-15

publicIAV|A/swine/North_Carolina/A02245786/2020|H3N2|Swine|USA|3.1990.4.a|2020-11-17

publicIAV|A/swine/North_Carolina/A02245817/2020|H3N2|Swine|USA|3.1990.4.a|2020-11-23

publicIAV|A/swine/Iowa/A02525136/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-01

publicIAV|A/swine/Minnesota/A02245829/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-11

publicIAV|A/swine/Ohio/A02525155/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-09

publicIAV|A/swine/Pennsylvania/A02525116/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-26

publicIAV|A/swine/Pennsylvania/A02525204/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-23

publicIAV|A/swine/Iowa/A02525387/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-08

publicIAV|A/swine/Iowa/A02525241/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-04

publicIAV|A/swine/Indiana/A02525281/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-25

publicIAV|A/swine/North_Carolina/A02245825/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-08

publicIAV|A/swine/Indiana/A02525243/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-04

publicIAV|A/swine/Minnesota/A02525044/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-04

CVV|lab-21-b|A/Minnesota/11/2010|H3N2|Swine|USA|3.1990.4.a|2010

publicIAV|A/swine/North_Carolina/A02524967/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-07

publicIAV|A/swine/Iowa/A02525108/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-22

publicIAV|A/swine/Missouri/A02525068/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-07

Consensus_3.1990.4.a_Dec2020-present

publicIAV|A/swine/Missouri/A02525202/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-23

publicIAV|A/swine/Pennsylvania/A02524956/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-02

publicIAV|A/swine/Iowa/A02525305/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-25

publicIAV|A/swine/Illinois/A02525382/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-13

publicIAV|A/swine/North_Carolina/A02525218/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-24

publicIAV|A/swine/Ohio/A02635702/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-19

publicIAV|A/swine/Iowa/A02525206/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-24

publicIAV|A/swine/North_Carolina/A02525198/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-22

publicIAV|A/swine/Illinois/A02525270/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-17

publicIAV|A/swine/Iowa/A02525111/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-27

publicIAV|A/swine/Indiana/A02525012/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-23

publicIAV|A/swine/Indiana/A02525383/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-13

publicIAV|A/swine/Iowa/A02525019/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-28

publicIAV|A/swine/Iowa/A02525020/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-27

publicIAV|A/swine/Iowa/A02525378/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-13

publicIAV|A/swine/Iowa/A02525251/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-10

publicIAV|A/swine/Minnesota/A02525121/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-28

publicIAV|A/swine/Indiana/A02635711/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-19

publicIAV|A/swine/North_Carolina/A02525302/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-25

publicIAV|A/swine/North_Carolina/A02525210/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-24

publicIAV|A/swine/North_Carolina/A02635734/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-23

publicIAV|A/swine/North_Carolina/A02635777/2021|H3N2|Swine|USA|3.1990.4.a|2021-05-05

publicIAV|A/swine/North_Carolina/A02525172/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-16

publicIAV|A/swine/Iowa/A02525263/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-16

publicIAV|A/swine/Iowa/A02635704/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-15

publicIAV|A/swine/Iowa/A02525092/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-18

publicIAV|A/swine/Indiana/A02525374/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-08

publicIAV|A/swine/Pennsylvania/A02525244/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-04

publicIAV|A/swine/Pennsylvania/A02525008/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-18

publicIAV|A/swine/Missouri/A02525138/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-01

publicIAV|A/swine/North_Carolina/A02525344/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-05

publicIAV|A/swine/Iowa/A02525184/2021|H3N2|Swine|USA|3.1990.4.a|2021-02-15

publicIAV|A/swine/Ohio/A02525262/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-15

publicIAV|A/swine/North_Carolina/A02245824/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-07

publicIAV|A/swine/South_Carolina/A02525279/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-26

publicIAV|A/swine/Indiana/A02525372/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-12

publicIAV|A/swine/Minnesota/A02525130/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-29

publicIAV|A/swine/Indiana/A02245887/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-26

publicIAV|A/swine/Ohio/A02635724/2021|H3N2|Swine|USA|3.1990.4.a|2021-04-21

publicIAV|A/swine/Indiana/A02245886/2021|H3N2|Swine|USA|3.1990.4.a|2021-03-17

publicIAV|A/swine/Minnesota/A02245812/2020|H3N2|Swine|USA|3.1990.4.a|2020-11-19

publicIAV|A/swine/Iowa/A02525023/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-29

publicIAV|A/swine/Iowa/A02525046/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-08

publicIAV|A/swine/Iowa/A02524952/2020|H3N2|Swine|USA|3.1990.4.a|2020-12-02

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

publicIAV|A/swine/Kentucky/A02525075/2021|H3N2|Swine|USA|3.1990.4.a|2021-01-13
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